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net hod suuab“mmmmmmmmrtg head positioning informa- tion to

recordi ng sur k mediumfor wuse in a d| sk appar at '“ﬂl@ mll m wl”m

di sk drive (HDD) kgoibomown as a disk drive 10 usi

a recording nedium In general, servo'Tnfbrnatlon as head p03|t|dﬁ9%g
information is pre-witten to each recor di ng surface of a disk
i ncorporated in a hard disk drive. In the hard disk drive, positioning

control for positioning 15 the Hé&dEt OFaTHar gHVENIFAOK i s executed on the

basis of the servo information. The servo information pre-witten on a

disk is -calIedﬁ%ﬂM§WEéﬂd@®D§@E3HDDTBOBr@BéTéN§ HEAR BASWRIGNINGervo

information is pre-witten, i.e., an 20 enbedded-servo type disk, a servo

i nformation (h O%M%K¥Q¥wﬂ%gDI%KdMﬂﬁ%U%n) Writing apparatus called a
BACKGROUND OF THE INVENTION

5 The present invention relates to an apparatus and
method suitable for writing head positioning informa-
tion to each recording surface of a disk medium for
use in a disk apparatus.

A hard disk drive (HDD) is known as a disk drive
10 using a disk (disk medium) as a recording medium. In

general, servo information as head positioning

‘information is pre-written to each recording surface
of a disk incorporated in a hard disk drive. 1In the
hard disk drive, positioning control for positioning

15 the head to a target track is executed on.the basis of
the servo information.

The servo information pre-written on a disk is
called an embedded servo. To prepare a disk on which
servo information is pre-written, i.e., an

20 embedded-servo type disk, a servo information (head
positioning.information) writing apparatus called a
servo track writer (STW) 1is necessafy. The servo
information writing épparatus has a spindle motor as
diék medium rotating means. The spindle_motor rotates

25 a disk as a target to which servo information is to be
written. As thé spindle motor, an air (air bearing)

spindle motor with a low degree of runout is used.



‘sgrﬁo track witer (STW is necessary. The servo information witing
apparatus has a spindle notor as disk nediumrotating neans. The spindle
notor rotates 25 a disk as a target to which servo information is to be
witten. As the spindle notor, an air (air bearing) spindle notor with a
| ow degree of runout is used. 2 The servo information witing apparatus
positions the head (magnetic head) in a target position on a disk while
the disk is being rotated by the spindle mbtor. In this state, the servo
information witing apparatus 5 wites servo information to the di sk using
the head. To position the head, a highly accurate scale such as a |aser
encoder is usedTh@@@envosemﬁormat@onawr@hlmg|apngrapparapasésoaSethe
configured to sinultaneously wite servo information 10 to a plurality of
stacked di sks. Tead ém%%m%@scth@aﬁioéncﬁltﬁ??ebfpgﬁékéoﬁrévléeélﬁ#th servo
information. Jpn, | n.  KOKAl Publication No. 2001-216750 di scl oses
such a servo |ﬁW%*h%I?%% %k$¥|h§ HﬁbagaFGEateﬁnthEhﬂl§EFB§é8 QBﬁQFatus

stacked disks are rotated 15 b S|n le.s g nmot or. Furth
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appar at ue si il PEHEERer StV Bobh EPHEEEHR bPabRBdShakAL TRO: BPEePSRBsi i ons.
on the 20 respe@%é¥§?£§§$ﬁdtﬂg guLhacg Rt ghhe diskSacLhgLehY <WehiLg servo

information to
a laser encoder is used.

Recent servo information writing apparatuses are

configured to simultaneously write servo information

10 to a plurality of stacked disks. This enhanées the
productivity of disks provided with servo information.
"Jpn. Pat. Appln. KOKAI Publication No. 2001-216750
discloses such a servo information writing'apparatus.
In the disclosed apparatus, stacked disks are rotated

15 by a single spindle motor. Further, a plurality of
heads are attached to a.carriage, stacked. These
heads correspond to thé respectiﬁe recording surfaces
of the disks. The writing apparatus simultaneously
positions the stacked heads in target positiohs on the

20 fespective recording surface of the.disks, thereby
writing servo information to the disks.

In the above-described conventional servo
information (head positioning information) writing
apparatus, the writing accuracy of servo informatidn.

25 (head positioning information) is limited by the
runout degree of the spindle motor and the head

positioning accuracy of the apparatus. Accordingly,



€ .
‘I'n the above-described conventional servo information (head positioning
information) witing apparatus, the witing accuracy of servo information.
25 (head positioning information) is limted by the runout degree of the
spindl e notor and the head positioning accuracy of the apparatus.
Accordingly, 3 to enhance the servo information (head positioning
information) witing accuracy in order to increase the density of tracks
of a disk, it is necessary. to increase the accuracy of the spindl e notor
and the 5 accuracy of head positioning. However, the realization of a
hi ghly accurate spindle notor and highly accurate head positioning is not
easy because ofotechincal the nsesvaninfpyhatose. (BREEFPSEIVMVARYLIOE THE
| NVENTI ON 10 The present invention has been developed in |light of the
above circunst ahtEermakionl MEri bipg orderaCredld Op@SFt FOniRGTrAFSr BRI on
witing apparatus with its head positioning information witing accuracy
enhanced wi t hdiRn§heY eaSi FEREhe @Ecairatykof 1EheSsPERBFE2RYL BP 15 or the
head positioninq?accurac , and a head positiOninﬂ informatiqQn witing
met hod enpl oyedt T §HE® %%%a?%f%%?c¥c%5rH?ﬁgstnﬁ € JBPERE 8R%t hR&i nventi on
there is 5provided an aggﬁrﬁiui for.mmiting seﬁond head 50' positioning -
i nformation to AT edsY e'7% 0?%?hgl°%h? ace %Ye%frfeg t one second disk

”Ediu”‘i“ a Sta%&%lization of a highly accurate spindle motor and
highly accurate head positioning is not easy because
of technical limits and high cost.

BRIEF SUMMARY OF THE INVENTION
10 The present invention has been developéd in light

of the above circumstances, and aims to provide a head

positioning information writing apparatus with its
head positioning information writing accuracy enhanced
without increasing the accuracy of the spindle motor

15 or the head positioning accuracy, and a head
positioning information writing method employed.in the
apparatus. ’

According to an aspect of the invention, there is

provided an apparatus for writing second head

20° positioning information to at least one recording
surface of at least one second disk medium in a state
in which the at leésf-one second disk mediﬁm and a
first disk medium having first and second suffaces are
stacked, first head positiOning'information being pre-

25 recorded on the first surface. This apparatus
comprises, as well as the first disk medium, rotating

means, first and second heads, supporting means,



"in which the at | east one second disk nmediumand a first disk nedium
having first and second surfaces are stacked, first head positioning
Thi s appar at us
conprises, as well as the first disk medium rotating neans, f
second heads, supporting neans, 4 driving nmeans, controlling neans and
head positioning information generator. The rotating neans rotates the
first disk mediumand the at |east one Secbnd"disk mediumin a state in
which the first and second disk 5 mediuns are stacked. The first head is
| ocated corresponding to the first surface of the first disk
reads the firstdhéxdngosieansni gntirafldimgt MR NSe AHCAd & ash Rasd tHiongmg

i nformation being pre 25 recorded on the first surface.

surface. The second head is |ocated corresponding to the at

irst and

medi um and

| east one 10

recordi ng surfaéBfermakaont JeBgIEteRe sEEENFOFRIRDIBEERH ToTR RS (€ t he
second head positioning _information to th t | east one recordi surface
of the at |eastigfé déssnaedis® ﬁ@%iﬁ%@ e%§@ﬁ§oppﬁn§ecﬁ§5%§i ports the

first and d ds. h that 15t irst d
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means control s Fﬁgl ans ona ' basis o

heads
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medi ums. The drivinﬁgggggér%&%§§% t he head .support, q%ﬁgaﬁégga

HFai sk

control ling
head

posi ti oni ng 20 {BLOLUBLLARAGERY byl e Ly Shusliead J@hRbY 5 ASidiyni ng the

first head in atarg position

medium, and reads the first head positioning

information recorded on the first surface. The

second

head is located corresponding to the at least one

10 - recording surface of the at least one second disk

medium, and writes the second head positioning

"information to the at least one recording surface of

the at least one second disk medium. The supporting

means supports the first and second heads such that

15 the first and second heads can simultaneously move in

a radial direction of the first and second disk

mediums. The driving means drives the head support-

means. The controlling means controls the head

driving means on a basis of the first head positioning

20 information read by the first head, thereby

positioning the first head in a target radial position

on the first disk medium. In this state,

the

controlling means causes the second head to write, to

the at least one second disk medium, the second head

25 positioning information by an amount corresponding to

one rotation of the at least one second disk medium.

The controlling means shifts the target radial



‘on the first disk nmedium In this state, the controlling neans causes the
second head to.wite, to the at |east one second disk nmedium the second
head 25 positioning information by an anmount corresponding to one rotation
of the at |east one second disk nedium The controlling neans shifts the
target radial 5 position by a predetermned pitch each tine the second
head positioning information has been witten by the anount correspondi ng
to one rotation of the at |east one secon@ di'sk medium 5 Additional

obj ects and advantages of the invention will be set forth in the
description which follows, and in part wll be obvious fromthe

descri ption, or pemytien dar red dndedreaatiind ofi tdie edqiventnethdheeodpdct s
and advantages of the 10 invention may be realized and obtai ned by neans of
the instrunent &lsad @9 sdid cregms ddtfimsa tian ihag 9 wol Hiew wtthe

herei nafter. BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG The
acconpanyi ng dr &HONgGE, GAEEESPanEing Sipemg etatsion ahdthomt iterst a part
of the specification, iIIustrat$E%pbodinents of the invention, and together
with the generalPPfeS&GPS 1 Wove and the detailed description of

nventi onS 20 BRI EF BESCRIITICN B8 S SERAY S o §HESDRAW NG FI G 1
I's a block di agrameld;Y3! tAY"Sd et B8%th in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of thé

10 invention may be realized and obtained by means of the

instrumentalities and combinations particularly

"pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
15 in and constitute a part of the specification,
1llustrate embodiments of thé invention, and together
with the general description given above and the
‘detailed description of the embodiments given below,
serve to explain the principles of the invention.
20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a block diagram illustrating the basic
structure of a servo information writing apparatus
according to an embodiment of the invention;
FIG. 2 is a view illustrating an example of a
25 format formed on a magnetic disk by writing servo
information thereto using the servo information

writing apparatus of FIG. 1;



‘structure of a servo information witing apparatus according to an

enbodi nent of the invention; FIG 2 is a viewillustrating an exanple of a
25 format formed on a magnetic disk by witing servo information thereto
using the servo information witing apparatus of FIG 1; 6 FIG 3 is a
view illustrating an exanple of a servo information format; FIG 4 is a
view illustrating a recorded exanple of a burst pattern included in the

servo i nformation

5 FIG 5Ais a viewillPusfrating an exanple of a formt

formed on the nmaster servo surface 121a of a master disk 121 appearing in
FIG 1; FIG 5Bis a viewillustrating an exanple of a forpmat forned on

the clock surface 12l Gf I heS mastiaw iblegiskatiing g @xapke 0§ 2w usef ul
in explaining the vvriting.:_(%‘ir of the burst pattern in the enbodinent; FIG 7

is a flowhart Ve i

information in the 15 enbodinent; FIG.8A is viewillustratin
of a .format forned O art optitalled skl the %sl

HAEN AP/ procedure of writing servo
n, exanpl e

P ERTOFIST| SRAHBYE | &

nodi fication of the enbodi nent; and FI.G,8B.s viewillustrating a state
"uhi ch 20 ot & S0F A’ TSR dr G PR AT Rt TR SO G S5

appeari ngsi n FIG 8A

FIG. 5A is a view illustrating an example of a

format fbrmed on the master servo surface 121la of a

master disk 121 appéaring in FIG. 1;

FIG. 5B is a view illustrating an example of a

format formed on the clock surface 121b of the master

10 disk 121;

FIG. 6 is a view useful in explaining the writing

- of the burst pattern in the embodiment;

FIG. 7 is a flowchart useful in explaining the

procedure of writing servo information in the

15 embodiment;

FIG. 8A is a view illustrating an example of a

format formed on an optical disk used as the master

disk 121 in a modification of the embodiment; and

FIG. 8B is a view illustrating a state in Which

20 wobble 803 is formed at land and groove tracks 801 and

802 appearing in FIG. B8A.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the invention will be described

with reference to the accompanying drawings. FIG. 1

25 is a block diagram illustrating the basic structure of

a servo information writing apparatus (hereinafter

referred to as a "servo track writer") according to



"DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the invention wll
be described wth reference to the acconpanying drawings. FIG 1 25 is a
bl ock diagramillustrating the basic structure of a servo information
witing apparatus (hereinafter referred to as a "servo track witer")
according to 7 the enbodinent of the invention. In FIG 1, a spindle

notor 11, e.g., an air spindle notor (ASPN? has a cylindrical hub 110
serving as a rotor. A magnetic disk stack’ 12 is di smountably nmounted on
the hub 110 5 of the spindle notor 11. The magnetic disk stack 12 includes
a single master disk 121, The master disk 121 is_a nagnetic di sk, mhlch IS
referred to mhé%heg%WVBd}%ﬁ%?n%¥lB%e asNHReRB1BBsi t IBnFRG-i hf oRmaPEBALRs

witten to another etic disk. The magnetic djsk ck, 12 also
i ncludes at | ed®t %ﬁ ﬂag%e?rt ﬂ?sﬁlro§RgP8ﬁﬁaﬂ° A& igé?%? dPéR, 2e.g., a

| ur al f di sks 122 Each di sk_122
Wi ch the Serve U b e 1125 SBTVBY FRr or FREPEN.  AnBaRBSFeF di sk 121

and each magnet i rﬁk1$ d&ﬁk %2;5 sﬁMﬁﬂéthE ymgéggggdogt ﬂggﬂhgr%hatervals

In this enbodi e’ nas oca | owest “portion

of the netlc g §ges yggn he §ﬁéVﬂa% Kowgh grﬁﬁ%b%igzservo

|nfornat|on he magneti c dIS stac 12 IS nou d on the 20 of
the spindle ”Dtﬂ{cﬁ;deé\féeélﬂ@ieevmét@g qfsgeiyo. I@Berﬂggtee fagxfini shed,

t he magnetic disk stack 12

121 is a magnetic disk, which is referred to when
servo information as head positioning information is
written to another magnetic disk. The maghetic disk

10 stack 12 also includes at least one magnetic disk
other than the master disk, e.g., a plurality of
'magnetic disks 122. Each magnetic disk 122 is a
target to which the servo track writer writes servo .
information. The master disk 121 and each magnetic

15 disk 122 are vertically stacked at regular intervals.
In this embodiment, the master disk 121 is loéated.at
the lowest portion of the magnetic disk stack 12.
When the servo track writer writes servo information,
the magnetic disk stack 12 is mounted on the hub 110

20 of the spindle motor 11. After the writing of servo
"information has finished, the magnetic disk stack 12
is dismounted from the hub 110. 1In this embodiment,
the master'disk 121 is locatéd at the lowest part of
the magnetic disk stack 12, however, it may be

25 permanently mounted on the hub 110 of the air spindle
motor.

A description will now be given of the format of



‘is dismunted fromthe hub 110. In this enbodi nent, the master disk 121 is
| ocated at the | owest part of the magnetic disk stack 12, however, it may
be 25 pernmanently nounted on the hub 110 of the air spindle notor. A
description will now be given of the format of 8 a standard magnetic disk
incorporated in the hard disk drive. This magnetic disk has two surfaces.
One or both of the two surfaces of the nagnetic disk (both in this

enbodi ment) are used as recording surfaces"on 5 which data is recorded. As
shown in FIG 2, each recording surface of the magnetic disk is circum
ferentially d|V|ded into sectors (servo sectors) 201 at regular intervals.
Each sector 2012c8hpPrrasd Bagsefys diek dosomPporasesydn Aher mabdoslivk tten
t hereon, 10 and a data area 203 to which data is to be witten. As shown
in FIG 3, eachd&éVfo |HP&FH&PBBﬁtﬁFeﬁFS§0ﬁﬁPl§¥§ SHTAGSeSect (B¢ $61, erase

[ 302, 303 db t Q4. Th t
301 contains a EPGRaPTor A deéPé A8 O15 TEClaORED lﬁ(‘}gc deﬁn'tg”l)
djust th f
read  from ?ﬁé“ﬁfééﬁes&sgﬁ ) a-EoprRb,ataresoradn?, SRR’ o

adj ustmeng_adj ughschhaagip Lgt ygeo%ehhe h@aqpaugn% F9ga gonstant val ue.
The erase section § contalns a particu attern’'signal Called a
"servo mark". The.$@iMg SBEKake 5§e@haomgﬁh%%&c(HQQQQE@Z%hrcum-
ferentially divided into sectors (servo sectors) 201
at regular intervals. Each sector 201 comprises a
servo area 202 with servo information written thereon,

10 and a data area 203 to which data is to be written.

As shown in FIG. 3, each servo information item

comprises an AGC section 301, erase section 302,
.address section 303 and burst section 304. The AGC
section 301 contains a signal of a predetermined.

15 frequency, which is used to adjust the gain of a read-
amplifier for amplifying a signal (read signal) read
from the magnetic disk.by a corresponding head.  This
gain adjustment adjusts the amplitude of the read
signal to a constant value. The erase section 302

20 contains a particular pattern signal éalled a "sérvo
mark". The servo mark is used to detect (recognizé)
(the servo area 202 in) a correspdnding sector 201.
The address section 303 contains a coded address
(cylinder address) assigned to a cylinder at which the

25 head is positioned. The burst section 304 contains a
burst pattern (servo burst pattern) that indicates, in

the form of a waveform amplitude, the position of the



“(the servo area 202 in) a corresponding sector 201. The address section
303 contains a coded address (cylinder address) assigned to a cylinder at
which the 25 head is positioned. The burst.section 304 contains a burst
pattern (servo burst pattern) that indicates, in the formof a waveform
anplitude, the position of the - 9 head relative to the cylinder indicated
by the cylinder address in the address seétion 303 (i.e., a position

error). FIG 4 is aviewillustrating an eganple of a 5 burst pattern
recorded on a disk. As shown, the burst pattern conprises 4- phase bur st
signals (hereinafter referred to_sinply as a "burst" C and D. The

bursts C and D §€édré@éﬁﬁéﬂeaﬁop&§%|9¥%§Qﬂﬁqt%ﬁ?%9? 3%@1%V390 fromthe

bursts A and B, S ectrvel 10 .In ot her, words, the burst pattern is
~formed of a pai Fﬁ Sﬁréfig Sé?n&nBtgir?daéidﬁﬁsrs e Oslgsoé aﬁdeb vihi ch

are shifted in hasg In the example of FIG 4, the upper portion is
“the radially ou loéo?fFSﬁ of the disk, wile the |ower portion is the

Jo gt ally | e, pa 00 ol Ut ol PR d 1 sl a‘%onLr %”‘have
he sarm reco dpnenith it nobe gl g nelotdin g dics
g?\sfﬁ the same rge@idirRd cok@RalsR sl 4-pHaRR (Hdr%lt”fsqrgeﬂbtl'sa' rri_lxre%:&ramxof the
referred to simply as a "burst") A, B, C and D. The
bursts C and D are recorded at positions shifted in
phase by 90° from the bursts A and B, respectively.

10 In other words, the burst pattern is formed of a pair
of bursts A and B and a pair of bursts C and D, which
are _shifted in phase by 90°. 1In the example of
FIG. 4, the upper portion is the radially outward
portion of the disk, wile the lower portion is the

15 radially inward portion of the disk. Further, the
disk rotates.from right to left as indicated by the
arrow X. The bursts A, B, C and D have the same
recording width W in the radial direction of the disk
(i.e., in the vertical direction in FIG. 4). Further,

20 the bursts A, B, C and D have the same recording
length L in the circumferential direction of the disk
(in the side-to-side direction in FIG. 4). After the
servo information has been written to each magnetic
disk 122 of the magnetic disk stack 12 in FIG. 1,

25 the disk formats are identical to that shown in

FIGS. 2 - 4.

The format of the master disk 121 will now be



- (in the side-to-side directionin FIG 4). After the servo information has -
been witten to each magnetic disk 122 of the magnetic disk stack 12 in
FIG 1, 25 the disk formats are identical to that showmn in FIGS. 2 - 4.
The format of the master disk 121 will now be - 10 described. The master

di sk 121 has two surfaces. One, for exanple, the upper surface, serves as
a recording surface (hereinafter referred to as a "master servo surface")
121a. The servo information 5 witten on tife master servo surface 121a is
called "master servo information". The format of the master servo
information is the same as that of the servo _information witten on each
standard magnet fesdrskefin The masdedi €k srilvd, hase two sar fsis®fin in FIG 2.
10 However, on the master servo surface 12l1a of the nmaster disk 121, servo
areas 202 of th@N8amEC¥h8paMRAG, $PSeURPEIpFHVIIAES i FSXVERdiE® 3pattern
along the entire circunference of_the,. disk, mﬁtg no gap therebetween, as
is shown in FIG?egﬁFd?ﬂgsSHFEFEFS(PF5ﬁﬁPﬁztf§ r& SF&F%Q Prafes of

dard ¢ _disks. Th i di t, th i f.
oy ncer & manet e, 8280y TS RS, 95t ThRL (NG eam IR IigeTeY
202 i ded . f 12 f.t t i 121. On
202 proviged on,Rec LS SR KaSSULT 365l gl ool 121

recording surfasg,CherekpabhbeinttRatedn0 a¥nd tRrAGK of the master
servo information is the same as that of the servo
information written on each standard magnetic disk in
the hard disk drive, i.e., that shown in FIG. 2.
10 However, on the master servo surface 12la of the

master disk 121, servo areas 202 of the same shape and

size are provided in a radial pattern along the entire
circumference of the disk, with no gap therebetween,
as is shown in FIG. 5A. This differs from the

15 recording surfaces of standard magnetic disks. Thus,
in the embodiment, the sampling frequency of servo
information is increased by increasing.the number of
servo areas 202 provided on the master servo surface
121a of the master disk 121. On the other hand, the

20 lower surface of the master disk 121 serves as a
recording surface (hereinafter referred to as a "clbck
surface") 121b on which a clock track 210 is formed,
as is shown in FIG. 5B. A clock pattern is pre-
written on the clock track 210. |

25 Referrihg again to FIG. 1, a head assembly 14 is
provided at a position corresponding to the master:

servo surface (upper surface) 121a of the master disk



- surface") 121b on which a clock track 210 is fornmed, as is shown in FIG
5B. A clock pattern is pre- witten on the clock track 210. 25 Referring
again to FIG 1, a head assenbly 14 is provided at a position
corresponding to the nmaster servo surface (upper surface) 12l1a of the
master disk - 11 121 included in the magnetic disk stack 12. The head
assenbly 14 includes a head (hereinafter efegred to as a "master head")
13. Further, a head (hereinafter referred"to as a "clock head") 130 is
provided at a 5 predeterm ned position corresponding to the clock track
210 (see FIG 5B) on the clock surface %Iomer, Eurfacg) 21b gf Ehe mast er
di sk 121. The clekkimehddedspn;thedeydnretiead: Freprad cé%'thg ER9pattern

nead 130 (5 hol # B Kof i HE Liiehan Shrdash CRChANt AR EROPY SR FE
Tagnettc di sk 195 % TR RRHEtTe of Sk STULk 15: BabReds HEAd BeCbABy 16
o used to wiUECEEIU0 ThiBTra enrs PREETLERPH by BheaBsiCRt,h 1o TN
Che hard i sk arruee r e SbieRrev Gres a0 ron oS8 ee Thar TR foa
includes at |easicpng; oegaeti prdi skpll2ent envhiehckhgugea¥e (lower

surface) 121b of the master disk 121. The clock head

130 is used to read (reproduce) the clock pattern

recorded on the clock track 210. A head assembly 131

10 including the clock head 130 is held by a holding

mechanism 132.

A head assembly 16 is provided at a position
corresponding to each recording surface of each
magnetic disk 122 in the magnetic disk stack 12. Each

15 head assembly 16 includes a head (hereinafter referred
to as a "servo write head") 15 that is used to write
servo information to the recording surface of a
corresponding magnetic disk 122. The head disk
assembly incorporated in the hard disk drive is

20 abbreviated as "HDA". Suppose that the HDA includes
at.least one magnetic disk 122 to which the servo
track writer of FIG. 1 has written servo information.
Further, suppose that the embediment uses, as the
master head 13 and servo write head.15, heads

25 (magnetic heads) of the same type as used in the hard
disk drive which incorporates the HDA. 1In this case,

the master head 13 and servo write head 15 have the



‘track witer of FIG 1 has witten servo information. Further, suppose
that the enbodi nent uses, as the master head 13 and servo wite head 15,
heads 25 (magnetic heads) of the sane type as used in the hard disk drive
whi ch incorporates the HDA. In this case, the nmaster head 13 and servo
wite head 15 have the 12 - sanme size. A carriage 17 supports the head 13
and heads 15. The carriage 17 includes a gead stack assenbly (HSA) forned
of the head assenbly (HA) 14 and head 5 aséenbl i es (HA) 16 stacked. The
carriage 17 is driven by a VCM 18 to thereby sinultaneously and radially
nove the head 13 and heads 15 over the disk 121 and disks 122,
respectively. THerest &8 - head 13 is connected to a head IC (Integrated

G t) 19. Th 10_head | C 19 I f d
|5ﬁg: read by ?he a%gﬁé a%fe 25 DpPPres | c cted I I dgcgggr

S ) B Eatst Sefiol foguPpeets FUBLbERE.1aqepg Reesh, 43

20. Th d 20 d i t f

2l i1ied by ¢S HOHE 129900 ¢ HAF L e{;gé’x%r% Hﬁ&%%%%%“e%‘%ﬁ?i?ﬁ%%”uhe

bursts A B Cand, D) Ip the SeLy0-LOLOOIBLiQR) 1INbgaPHES, pattern s used
S positional error i AT oF At i on i ndi of "the relatrve positional

difference bet Weeledhes JBSt#A) headsederod. na@hsrc9k§ka 4287 18Sqpeiun
ecoder 20 is connected to a 0 contro 21. The con | er controls
the VCM 18 (f%y%asmkelsIﬁoatﬁ@@élpgcglﬂamesﬁéoeg1yh§naa§halai1y
move the head 13 and heads 15 over the disk 121 and
disks 122, fespectively. The master head 13 is
connected to a head IC (Iﬁtegrated Circuit) 19. The
10 head IC 19 has a read amplifier for amplifying a read
signal read by the head 13. The head IC 19 is
connected to a servo decoder 20. The servo decoder 20
detects servo information from a read signal amplified
by the head IC 19, thereby extracting a burst pattern
15 (the bursts A, B, C and D) in the servo information.
This burst pattern is used as positional error
information indicative of the relative positional
difference between the master head 13 and master disk
121. The servo decoder 20 is connected to a
20 controller 21. The controller 21 controls the VCM 18
(for example, in a feedback manner) on the basis of
positional error information extracted by the serﬁo
decoder 20;'thereby driving the carriage 17. As a
result,_the controller 21 simultaneously positions the
25 head 13 and heads 15 in target radial positions on the

disk 121 and disks 122 stacked in the magnetic disk

stack 12.



- positional error information extracted by the servo decoder 20, thereby
driving the carriage 17. As a result, the controller 21 sinultaneously
positions the 25 head 13 and heads 15 in target radial positions on the

di sk 121 and di sks 122 stacked in the magnetic disk stack 12. - 13 The
cl ock head 130 is connected to a clock denodulator 22. The cl ock

denodul ator 22 anplifies a clock pattern _sjignal read fromthe clock track
210 of the master disk 121. The cl ock dermodulator 22 also 5 denodul ates a
clock signal of a predetermned cycle fromthe anplified clock pattern
signal. The clock denodulator 22 is _connected to a servo generator 23.
The servo generator 33eg&herkt Bsagd 46l d pardested drala (

i nf ti i n_synchronis ith the 10 ¢l ock sjgnal output formthe clock

Homodun at o 20 SSHARLTaBP S0z hat 1 SRR SIGRY CEBPRUIBaRAS 22h SR Eden
ositions of the.,head 13, and heads,15 si_tion on. the respective disks
5nd;rlthe cont r9#°6 PﬁgtésﬂthﬂPa} ffg%ThéggeﬁgS GéREKattse 3%ﬂ§ &dnnect ed

(2,15 2 1ot 6 2%padbe SRl 24 Nagn e AL L. Loy Sgaverti o

SEreLaLers 23 Mo Sy benE Ul UIBNLTOS b FRcHiEeSRINGA g fencs 15-
will be given ofrthetRResAbi ORied clock pattern signal. The clock
demodulator 22 is connected to a servo generator 23.
The servo generator 23 generates a servo pattern
signal (servo informétion) in synchronism with the

10 clock signal output form the clock demodulator 22.
This servo pattern signal corresponds to the radial
positions of the head 13 and heads 15 positioned on
the respective disks under the control of the
controlier 21. The servo generator 23 is connected to

15 a head IC 24. The head IC 24 has a write amplifier
for converting, into a write current, a.servo pattern
signal generated by the servo generator 23, and
simultaneously supplying it to the servo write
heads 15.

20 Referring then to FIG. 6 and the flowchart of
FIG. 7, a description will be given of the operation,
by the servo track writér, of writing servo
information to each magnetic disk 122. Firstly, the
alr spindle motor (ASPM) 11 of the servo track writer

25 is rotated at a predetermined rotational speed, e.g.,
4200 rpm. The rotation of the spindle motor 11 is

realized by controlling a spindle motor driver (not



by the servo track witer, of witing servo information to each nagnetic
disk 122. Firstly, the air spindle notor (ASPM 11 of the servo track
witer 25 is rotated at a predeterm ned. rotational speed, e.g., 4200 rpm
The rotation of the spindle notor 11 is realized by controlling a spindle
notor driver (not 14 shown) so as to supply a current to the spindle notor
11. In this state, the master head 13 reads, the master servo information
pre-recorded in a radial position on the naster servo surface 121a of the
5 master disk 121, in which the naster head 13 |s currently positioned.
The master servo information read by the master %%8 3 fro t he . master

d

servo surface 1328"Bf FRe2SnhSt EFPH §kalffrr§n§nﬁpl S@ﬁnt & Me4¢h ¢ 19

and 10 then |np to_the serv eco 20. .The.servo.d r 0 extracts
the bursts A B C and BRoP 3988? ggﬁa?ﬁ&Fﬁ fPe§Ftﬁg %%%@%?t%%%vo |

f t tt h b
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on the VOM 18, thereby 20 driving the carriage 17. As a result, the
controller 21 pgsitheny bbeiheadsdl3 and. 15 in respective target
The master servo information read by the master
head 13 from the master servo surface 12la of the
master disk 121 is amplified by the head IC 19 and
10 then input to the servo decoder 20. The servo decoder
20 extracts the bursts A, B, C and D of a burst
pattern from the master servo information (servo
pattern signal) amplified by the head IC 19, thereby
supplying them to the controller 21. Upon receiving
15 the bursts A, B, C and D extracted by the servo
decoder 20, the controller 21 calculates the control
variable for controlling the VCM 18. On the basis of
the calculated control variable, the controller 21
executes feedback control on the VCM 18, thereby
20 driving the carriage 17. As a result, the controller
21 positions the heads 13 and 15 in respective target
radial positions on the disks 121 and 122.
As shown in FIG. 6, the heads (servo write heads)
15 each have an end 15a closer to the outér periphery
25 of a disk, and an end 15b closer to the inner

periphery of the disk. The length of each head 15

(head length), i.e., the length between the ends 15a



- radi al positions on the disks 121 and 122. As shown in FIG 6, the heads
(servo wite heads) 15 each have an end 15a closer to the outer periphery
25 of a disk, and an end 15b closer to the inner periphery of the disk. The
| engt h of each head 15 (head length), i.e., the length between the ends
15a - 15 and 15b of each head 15, is greater than the recording wdth W
of each burst A, B, Cor Das showmn in FIG6. _In this enbodinent, the
servo areas 202 are provided in a radial ‘pattern on the entire naster
servo surface 5 121a of the master disk 121 with no gap therebetween, as

is shown in FIG 5A. Accordingly, servo .information_ ite are rec ded in
a radi al patterﬁn6n15ph@feﬁ?Fge¥ﬁ§§téP'séFv8r§&FF§e§hffig§¥ﬁ %er

di Sk i noor por at B4EER BheTBBCH: RETSEoPvolar Sabm28) ) & OW'PQJTtJPPEﬁ%t. iy

di sper sedl arranged hqwn Fl 2. .Th f

each servoyarea ﬁoggéﬁagﬁg ﬁé@?&? ng% fffvle %%%;FQ%%r%ﬁ%i%ﬁp tdhsgrvo

area 202 on the,usual 9| rt % or Q%Ey, %Qe gl ,Of 202
s B?e ¥ 8 % S Se |sku%;

on the naster apsﬁ i3 ater than that € “usual I's means
that the yse of, g?sttﬁé ﬂ'a%lfeﬁzﬁls '12'1”%1%5‘?1& rb%pd‘ff.I}*Fe‘iIeJ}j%r’cvfere‘?ﬂUe"‘Cy
of servo nforna |on servo sanpling frequency). result, 20 the

frequency band, jikh;whisgRKak hatrrens sian t@@cdgaﬁﬂgpy;[ggyﬁdcww of the head
13 and disk 121 and in

information items are recorded in a radial pattern on
the entire master servo surface 12la of the master
disk 121 with no gap therebetween. On the other hand,

10 in the standard disk incorporated in the HDD, the
servo areas 202 are circumferentially dispersedly
arranged as shown in FIG. 2. The circumferential
width of each servo area 202 on the master disk 121 is
equal to that of each servo area 202 on the usual

15 disk. Accordingly, the number of servo areas 202 on
the master disk 121 is greater than that on the usual
disk. This means that the use of the master disk 121
can increase the detection frequency of servo
information (servo sampling frequency). As a result,

20 the frequency band, in which variations in the
relative positions of the head 13 and disk 121 and in
those of the heads 15 and disks 122 can be followed,
can be widened, whereby the head positioning control
accuracy (servo control accuracy) can be enhanced.

25 Such variations occur due to the runout of the axis of

the spindle motor 11. On the master servo surface

121a of the master disk 121, the servo areas 202 may



© those of the heads 15 and di sks 122 can be followed, can be wi dened,

wher eby the head positioning control accuracy (servo control accuracy) can
be enhanced. 25 Such variations occur due to the runout of the axis of the
spindle notor 11. On the naster servo surface 12la of the master disk 121,
the servo areas 202 may - 16 be arranged circunferentially dispersed at
regular intervals as are those on the usual disk showmmn in FIG 2. In this
case, it is necessary to arrange the servi® areas 202 with intervals
shorter than in the 5 case of the usual disk. This is because it is
necessary to increase the nunber of servo areas 202 .as_ conpared to that on
the standard di & angaddess clg cudye raie aduib & stre @ d R ark@@1 812 can be
further increased if they are arranged on the master, disk 121 10 with no
gap t her ebet weeA NS IdRdvin aisn FEEGEIRLR Whe kIR (USRS Brsfo Bt ridtion to
each magnetic disk 122 of the magnetic disk stack 12, the controller 21
supplies a curr&iC-t &t hd WERER 55 &r iVe h@eEHHRGSARIHBPY iWihg t he

carriage 17, the 15 controller, 21 .radial ly i.nwardly noves the ads 13 and
15 to respecti vEPredEFEAT r?? Sodiht iIJ&seI)(Qra&cﬁ APOTSSS th “’H%)lrbnlnlE %e disks

121 and 1 ng ztp%gls%i )o'f 'Et]l% \}\Jﬁ%%raﬁgr&ﬁrﬁ‘ck Wﬂéitss[,iess%%%d% FiItGisl has an inner

peri phera " (not sho mtin operation of the

carriage 17. Thig Janer Pell RN, s StORPefunlse M8 d-RS evalls the heads 13

and 15 from _
compared to that on the standard disk. Needless to

say, the number of servo areas 202 can be further
increased if they are arranged on the master disk 121

iO with no gap therebetween as shown in FIG. 5A.

When writing servo information to each magnetic

disk 122 of the magnetic disk stack 12, the controller
21 supplies a current to the VCM 18 to drive the
carriage 17. By driving the carriage 17, the

15 controller 21 radially inwardly moves the heads 13 and
15 to respectiVe predetermined positions (radial
positions) on the disks 121 and 122 (step S1). The
servo track writer shown in FIG. 1 has an inner
peripheral stopper (not shown) for limiting the

20 operation of the carriage 17. This inner peripheral
stopper is used to prevent the heads 13 and 15 from
jumping out of the inner peripheries of the disks 121
and 122 and colliding Qith the air spindle motor 11.
To this.end, the inner peripherai stopper is located |

25 in a position in which the predetermined portion of
the carriage 17 touches the stopper when the heads 13

and 15 have been moved to the aforementioned



‘junpi ng out of the inner peripheries of the disks 121 and 122 and

colliding wwth the air spindle notor 11. To this end, the inner peripheral
stopper is located 25 in a position in which the predeterm ned portion of
the carriage 17 touches the stopper when the heads 13 and 15 have been
noved to the aforenentioned - 17 respective predeterm ned positions on the
di sks 121 and 122. By virtue of the inner _peripheral stopper, the
controller 21 can position the heads 13 and 15 in the aforenentioned
respective predeterm ned positions 5 on the disks 121 and 122. After that,
the controller 21 controls the carriage 17 via the VCM 18 so as to
radi al | y out wardéspegbieet hecdehasninednaosstiAnNEnerefBAt §16KSa121
predeterm ned pitch, e.g., W2, on the disks 121 and 10 122. The novenent
control in incram@nt32oef BWovistugxelutBE LRNERePROFPBREAG F&ARBEI/Firstly,
the servo information recorded on the master rvo surface 121 of the
mast er di sk 121the ¢RbrYlehe Hag?grpﬂéégl?§.%gﬁpgﬁagétggtﬁﬁ ?ﬁelgervo
information read by the 15 ster, head 13. the_servo _decoder 20Q.extracts a
burst pattern g?%n?%ﬂﬁe@%ngoPﬁ?oFﬁﬁP?Sﬁ?VErBﬁFEﬁ egﬁrgfg ngﬁggﬁks
extracted by the sgrvo d 2 t controller 21 calculates the
reIativeq%ositi%ﬂafhee??ggg g%%mggﬁ ?g%'naSter head 13 and naster disk 121

20 and betueen each geryp whbte RRAIcLnc28d13r 24r LeRReRdNgnEAgnetic di sk
121. On the basis of the

carriage 17 via the VCM 18 so as to radially outwardly
move the heads 13 and 15 in increments of a
predetermined pitch, e.g., W/Z2, on the disks 121 and
10 122. The movement control in increments of W/2 is
executed in the following manner. Firstly, the servo
info:mation recorded on the master servo surface 1lZ2la
of the master disk 121 is read by the master head 13.
Upon detecting the servo information read by the
15 master head 13, the servo decoder 20 extracts a burst
pattern from the servo information. From the burst
pattern extracted by the servo decoder 20, the
controller 21 calculates the relative positional
errors between the master head 13 and méster'disk 121;
20 and between each servo write head 15 and a
corresponding magnetic disk 121. On the basis of the
calculated positional errors, the controller 21 moves
the heads in increments of W/2. The controller 21
repeats this head movement control 4m.(m is a natural
25 number higher than 0) times, thereby positioning the
heads 13 and 15 in respective predetermined radially

outward positions (radial positions) on the disks 121



+ cal cul ated positional errors, the controller 21. noves the heads in
increments of W2. The controller 21 repeats this head novenent control 4m

(mis a natural

25

nunber hi gher than 0) tines, thereby positioning the

heads 13 and 15 in respective predetermned radially outward positions
(radial positions) on the disks 121 18 - and 122 (step S2). Subsequently,

the controller
The vari abl e. n

21 s
is

ets a variable n to an initial value of 1 (step S3).
a counter val ue indicati®%e of the nunber of oper ati ons

5 of witing servo information. Thereafter, the controller 21 positions the
master head 13 in a position corresponding to the position of each servo
wite head 15 iandhléR tRéeBnd215a of each servo wite head 15 closer to
the outer periphery of the disk is 10 alkgped with a predetermined radially

outward position
magneti c di sk 122
servo generator t93

position 15 Xnl

the cl ock denod@
head 15 t di spers
(n=1) to %n areg% A

on

XnPubgegyesst Ly r &bsr O
step.$4)., In_this _state, the_ controller 21 causes the
gPolg@Eh@}aY@lgérQS éaﬂ?éﬁﬁsséérregéﬁnaﬁﬁd d & Fe 15

rélrirede & bofSed & 6 redpiciRfitd -
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I'ng surface of a correspondi ng magnetic

disk 122, the apga.pghngdr 59vVEHedch¥nkheneadsla - dueiag 1angrgtation of the

di sk

10

15

20

25

posi
writ

head

tion corresponding to the position of each servo
e head 15 in which the end 15a of each servo write

15 closer to the outer pefiphery of the disk is

aligned with a predetermined radially outward position

Xnl

magn

(n=1) on a recording surface of a corresponding

etic disk 122 (step S4). In this state, the

controller 21 causes the servo generator 23 to

generate servo patterns corresponding to the position |

Xnl

(n=1) in synchronism with a clock signal

demodulated by the clock demodulator 22. Then, the

controller 21 causes each servo write head 15 to

dispersedly write the servo patterns corresponding to

Xnl

(n=1) to an area on the recording surface of a

corresponding magnetic disk 122, the area being

covered by the head 15 during one rotation of the disk
122 (step S5). The writing of the servo patterns at
the step S5 is executed for the period for which each
magnetic disk 122 executes one rotation. As a result
of this writing, servo patterns are written to the
dispersed areas that form parts of the servo areas 202

and are included in the area of the recording surface



+ 122 (step S5). The witing of the servo patterns at the step S5 is
executed for the period for which each nagnetic disk 122 executes one
rotation. As a result 25 of this witing, servo patterns are witten to the
di spersed areas that formparts of the servo areas 202 and are included in
the area of the recording surface -1 - 19 of the correspondi ng nagnetic
di sk corresponding to one rotation of th i sk and al so corresponding to
the position of the servo wite head 15. re particulars concerning the
witing of the servo patterns 5 corresponding to Xnl (n=1) wll be

described | ater. gereafter Bg controller %é_ S|tionséﬂ§i ster head
13 in a positiofRft kAF COTFEFPRPA)Infiaddet Sg(ré:c?é:teersrﬂ

W2, fromthe presentt ﬁOSItI%n%hOf th ni Qe 3 and ach ser%p MWIte
10 head 15 (st eBi86)°t#ECRaditalSoSi oﬁ ﬁ%] ster cﬁ%admﬁézassuned

after the rmven% El%EoW%fC ?’? %8?& wri (? HHI%I rcaq'S‘EEl em?vr}c]:[lg:u the

end 15a of the PSEFvVa° Write isra y |nmar

e, aradial peSELLARXNZEENTLEcik UH S ded [fa‘”at]t%r% ant rol ler 21

causes the servo gener at gererate servo patterns corresponding to

Xn2 (n=D)sin _syacheapbae faot Re1cl@ek shanal pienndidated hwtdie ¢l ock

denodul ator 22. After that, for the perlod for which each magnetic disk
122 executes one r ot atied@a 2@, he heo gl &l XAYsAs teants afe/o write

head 15 to

master head 13 in a position that is radially inward,
by a predetermined pitch, e.g. W/2, from the present
positions of the master head 13 and each servo write

10 head 15 (step S6). The radial position of the master
head 13 assumed after the movement of W/2 corresponds
to the radial position to which the end 15a of thé
servo write head 15 is radially inwardly moved by W/2,
i.e., a radial position Xn2 (n=1). 1In this state, the

15 controller 21 causes the servo generator 23 to
generate servo patterns corresponding to Xné (n=1) in
synchronism with the clock signal demodulated by the
clock demodulator 22. After that, for the period for
which each magnetic disk 122 executes one rotation,

20 the controller 21 causes each servo write head 15 to
dispersedly write the servo patterns corresponding to
Xn2 (n=1) to the area on the recording surface of a
correéponding magnetic disk 122, which corresponds to
the one rotation of.the disk (step S7). More

25 particulars concerning the writing of the servo

patterns corresponding to Xn2 (n=1) will also bé

described later.



‘dispersedly wite the servo patterns corresponding to Xn2 (n=1) to the
area on the recording surface of a corresponding magnetic di sk 122, which
corresponds to the one rotation of the disk (step S7). Mre 25 particulars
concerning the witing of the servo patterns corresponding to Xn2 (n=1)
will also be described |ater. 20 Thereafter, the controller 21 positions
the naster head 13 in a position that_js:%?dhglly inward, by a
predeterm ned pitch, e.g. W2, fromthe present positions of the naster
head 13 and each servo wite 5 head 15 (step S8). The radial position of
the master head 13 assuned after the novenent of W2 corresponds to the

radi al position to wANEKSEH&S&nd thea SO HIR L &erado RAFAE WS i s
radially inwardly noved by, 2, i.e., .a.,radial pasitio 3 (n=1).,In this
state, the 10 cBﬁFFSFIg?a§1Y§a&§e§ Pﬁélgébetg@ﬁgﬁ§t5ﬁdg§§gé’Jdﬁﬁ%%ﬁte
servo patterns corresponding to Xn3.(nsl) in chroni smw th the .clock

si gnal denndulaggdab9gﬁa8tegpéeﬁéd8 &&véfbﬁ”z%&%mwﬁ%pﬂiﬁa? BS°THe peri od

for which each naggg&%%tg%ﬁ§g§2%§§?%%u§%%dN¥§rq%pgéyk %Eigguaffggroller.

21 causes each B&P i Sperse wite the Servo patterns
Cor eapontling SRR 18 QFEEPLSS) whiah dorrSanta o™ tie e Bl on of
the disk (step §hy WBrgs20medr birgWhrars e HRRENY e M idd e Porldie servo
to the radial position to which the end 15a of the
servo write head 15 is radially inwardly moved by W/2,
i.e., a radial position Xn3 (n=1). In this state, the
10 controller 21 causes the servo generator 23 to

generate servo patterns corresponding to Xn3 (n=1) in

synthonism with the clock signal demodulated by the
clock demodulntor 22. After that, for the period for
.which each magnetic disk 122 éxecutes one rotation,
15 the controller 21 causes each servn write head 15 to
dispersedly write the servo patterns cdrresponding to
Xn3 (n=1) to the area on the recording surface of a
corresponding magnetic disk 122, which corresponds to
the one rotation of the disk (step S9). More
20 particulars concerning the writing of the servo
patterns corresponding to ¥Xn3 (n=1) will also be
described later.
| After that, the controller 21 positions the
master head 13 in a position that is radially inward,
25 by a predetermined pitch, e.g. W/2, from the present
positions of the master head 13 and each servo write

heéd 15 (step S10). The radial positidn of the master



‘patterns corresponding to Xn3 (n=1). will also be described later. After
that, the controller 21 positions the master head 13 in a position that is
radially inward, 25 by a predetermned pitch, e.g. W2, fromthe present
positions of the master head 13 and each servo wite head 15 (step S10).
The radial position of the master - 21 head 13 assuned after the novenent
of W2 corresponds to the radial position.,to _which the end 15a of the
servo wite head 15 is radially inwardly ed by W2, i.e., a radial
position Xn4 (n=1). In this state, the 5 controller 21 causes the servo

generator 23 to generate servo tterpns corres nd|n o0 Xn4
synchronlsn1mﬁt%e%ﬂelél%ERU§?6néE%8§nﬁg8IEpgﬁmﬁ t RE %é%OEQr5§%88&p§tor 22.

Af t that, f th i.ch h d 122 t
Cotation . 10 {HESCERErGFAL L ROBROLEE EACHPAERbrs: IS NoRAOTs (T8

di spersedly wite the s ghﬁ?a%ggtt?5n§88?%é§§gggd&ggagglgﬁﬁg % é&lggzthe

area on the recdortydg” ondi ng” ragn “’whi ch

corresponds to ,the ogefégggi!ggnglFQ ghs%n2§sep $A1kniPLR 12 the

particul ars concernlng servo “pafterns corresbonalng to

0 (=Sl 1 sy b taes Lisicotar, Mg srtcptpo e o (10
21 increnments tggny¥astabserteognteerual uerkBdpealing to Xn4 (n=1) in

synchronism with the clock signal demodulated by the
clock demodulator 22. After that, for the period for
which each magnetic disk 122 executes one rotation,

10 the controller 21 causes each servo write head 15 to
dispersedly write the servo patterns corresponding to
Xn4 (n=1) to the area on the recording surface of a
corresponding magnetic disk 122, which corresponds to
the one rotation of the disk (step S1l1). More

15 particulars concerning the writing of the servo
patterns corresponding to Xnd4 (n=1) will also be
described later.

After executing writing of the servo patterns

corresponding to Xnl, Xn2, Xn3 and Xn4, the controller

20 21 increments the variable (counter value indicative
of the number of occasions of writing) n by 1 (step
S12). Then, the controller 21 determines whether or
not the incremented variable n exceeds a predetermined
threshold value m (step S13). If the incremented

25 variable n does not exceed the predetermined threshold

value m, the controller 21 determines that servo

writing has not been finished. 1In this case, the



“of the nunber of occasions of witing) n by 1 (step S12). Then, the
controller 21 determ nes whether or not the increnented variable n exceeds
a predetermned threshold value m(step S13). If the increnented 25

vari abl e n does not exceed the predeterm ned threshold value in, the
controller 21 determnes that servo witing has not been finished. In this
case, the - 22 controller 21 re-execu[esthe_step S4 et seq., using the
incremented variable n. On the other hand,”“f the increnmented variable n
exceeds the predetermined threshold value m the controller 21 determ nes
that 5 servo witing has been finished. At _this tine, the respective servo
patterns are ww???%ﬁo% e¥ hel pbfTPERSULEF Fhe FEEBrdfn§tsSefacedSdhdeach

i di sk 2 di 1, X12, X13, X14 - Xm, Xn2, XnB,
o 10 The. ser ep%%%f‘ﬁgggélﬁg%tr?ﬁﬁ?naﬂ e %fgSrP%Eﬁ‘éngﬁfgI@‘g 50 S,

Xn4 i i t t tt , rr to E , a
éggc?{pt?Oncapffﬁgﬁe%&gggéggafﬁggafiE?ﬁﬁgégaﬁ Eﬁ?gPrgggF?épﬁnggrresponding
to each of Xm’tﬁ%@%hg(g égguéSmxnéheFégﬁFL%ll& eZ?ngﬁ%ggpngeﬁgga%ervo

wite head 15 TS p05|?|oned rn—the radral posrtion “State,
ot ton S5k L HAS nseRL o LRt AT cpsEotdRREe kLD N
head 20 length pisgachi s&ryorvei berhepls1arbswali e8ba ohh8leWortions
of the recording surfaces of each magnetic disk 122
corresponding to X11, X12, X13, X14 - Xml,.Xm2, Xm3,
Xm4.
10 The servo patterns (servo informatioh)
corresponding to Xnl, Xn2, Xn3 or Xn4 contain
different burst patterns. Referring to FIG. 6, a
description will be given of the writing of a burst
pattern corresponding to each of Xnl, Xn2, Xn3 énd
15 Xn4. Firstly, the end 15a of each servo write head 15
is positioned in the radial position Xnl. 1In this
state, the burst A is written to a burst section for
it in accordance with the rotation of a magnetic disk
122 corresponding to each head 15. Since the head
20 length of each servo write head 15 is greater than W,
the radially inward edge portion.61 of the burst A
corresponding to the difference between the head
length and W radially inwardly projects from the
position Xn3. However, the edge portion 61 is erased
25 when a burst pattern corresponding to Xn3 is written,

as will be described later. In the next burst section

for the burst B, the edge portion 62 of the burst B



"the radially inward edge portion 61 of the burst A corresponding to the

di fference between the head |length and Wradially inwardly projects from
the position Xn3. However, the edge portion 61 is erased 25 when a burst
pattern corresponding to Xn3 is witten, as will be described later. In
the next burst section for the burst B, the edge portion 62 of the burst B
23 witten when a burst pattern corregpog@ing to X(n-1)3 has been witten
is erased by a DC (direct current) signal.” Nothing is witten to the next
burst sections for the bursts C and D. The witing of these bursts 5 is

intermttent| ted | hr oni ith the clock.signal | at ed
by, the. cl ock UoRbHEF S o¥h3D SLRFRG BALCPGTaFPEReSPOBRoNaGn e Task 122.
Sub tly, th ter head 13.and i t ds 15 i al |
“nvardl y moved BSSVRSCAIHELEbS" 18 BBAPEHoRNNG e (BAHSEoa COf FEAEA corvo

ite head 15 ip, the. radj it AL this Lige, .nothing | itter
o bur ot secti oReIaH { S HIPRRS A ARA Ben HBuedRr PelhelNent BoFcioRt s

witten to a busst (RECHLPULLOE bha b ! RRENGES LPHESEESERELANLLAG ENE 15

burst D, the edgé portion ur st witten when a burst pattern

correspongding t psX{ fed)ft; PASHPEGNexWELEEAN 1 hSs§hafednR¥mawRenstgaal . The
witing of these bursts is intermttently executed in synchronism wth

the clock signat)gerodugateddbrotiteaekacky2endeandekatienodldebirng2one
rotation of each magnetic
during one rotation of each magnetic disk 122.

Subsequently, the master head 13 and servo write

heads 15 are radially inwardly moved by W/2, thereby

10 positioning the end 15a of each servo write head 15 in
the radial position Xn2. At this time, nothing is
written to burst sections for the bursts A and B.
However, the next burst C is written to a burst
section for it. 1In the next burst section for the

15 burst D, the edge portion 63 of the burst D written
when a burst_péttern corresponding to X(n-1)4 has been
written is erased by a DC signal. The writing of
these bursts is intermittently executed in synchronism
with the clock signal demodulated by the clock

20 demodulator.22 during one eration of each magnetic
disk 122.

After that, the master head 13 and servo write
heads 15 are radially inwardly moved by W/2, thereby
positioning the end 15a of each servo write head 15 in

25 the radial position Xn3. 1In a burst section for the -

burst A, the edge portion 61 of the burst A written

when a burst pattern corresponding to X(n-1)1 has been



‘disk 122. After that, the master head 13 and servo wite heads 15 are
radially inwardly noved by W2, thereby positioning the end 15a of each
servo wite head 15 in 25 the radial position Xn3. In a burst section for
the burst A the edge portion 61 of the burst Awitten when a burst
pattern corresponding to X(n-1)1 has been 24 witten is erased by a DC
signal. The burst Bis witten to the ne burst section for it. To the
next burst sections for the bursts C and D, nothing is witten. The
witing of these bursts is 5 intermttently executed during one rotation of

each -‘magnetic disk 122.. Thereafter, the, nmaster. he 13 and servo wite
Egadsf 15 a[]e ra&‘irﬁtltftq r?\r/?are(ﬁﬂlier?m@}doao?)%sig&aﬁ? eg&et. 53§ Z‘ﬁﬂg@ tPF end
a of each servo w.ite he 5 e radial_position Firs :
nothing is wit¥edt5s %ﬁ%&ﬁﬁ%o#sugs& St%cgnbciﬂs osr&%hd>%? e trheex%ext
burst section fqr the burst e § B%’r | 4 si_.Cwitten
when a bur st pa%ugrsnr{ csoercrtels%l(c)éncﬁonr}g ﬁ}d% n "Ihé'agjpb‘_’g'lec%lolivx’/rirg({)tgﬁﬂl&J &t ased by a

DC signal . The 13.Qyrst Dfﬁ%‘%gféfﬂbt the Nexty Stysection for it. The

witing of these bursts is intermttently execute during one rotation of

T e A i ok S e o
joined to const ricinhed ixEREYK (hread
Thereafter, the master head 13 and servo write

heads 15 are radially inwardly moved by W/2, thereby
positioning the end 15a of each servo write head 15 in

10 the radial position Xn4. Firstly, nothing is written
to burst sections for the bursts A and B. In the next
burst section for the burst C, the edge portion 64 of
the burst C written when a burst pattern cdrresponding
to Xn2 has been written is erased by a DC signal. The

15 burst.D is written to the next burst section for it.
The writing of these bursts is intermittently executed
during one rotation of each magnetic disk 122.

In the servo writer employed in the embodiment,

the master disk 121 recording servo information and

20 master head 13 are joined to construct a sensor (head

| position detecting sensor) for detecting the position
of each servo write head 15. As is evident, position
information extracted from servo information, which is
read by the master head 13 from the master disk 121,

25 indicates the relative positions of each magnetic disk
122 and a corresponding servo write head 15. In other

words, in the embodiment, the relative positions of



"position detecting sensor) for detecting the position of each servo wite
head 15. As is evident, position infornmation extracted from servo
information, which is read by the master head 13 fromthe master disk 121,
25 indicates the relative positions of each magnetic disk 122 and a
correspondi ng servo wite head 15. In other words, in the enbodi nent, the
relative positions of 25 each magnetic db%y 122 and a correspondi ng servo
wite head 15 is detected, using the servo information on the master disk
121 and the master head 13. This enables the control system (feedback
control system) 5 including the controller 21 to follow the runout of the
air spindre nnt%?cﬁlm?gnﬁﬁgcraﬁﬁgt1%§IF?detﬁpﬁreﬁﬁ@npéﬁééS@vah&rﬁéﬁd
positioning control Aﬁcording th% enbodi nent__can _enhance the

t

: |V«
accuracy of mwp??ﬂgfggﬁéodﬁ FSFﬁgfi8%1%9 8&tS§EW8n&PE§r fie PG &Cturacy of
the air splndletﬂntﬁr 1. é?sgeTﬁiaEndt@ﬁe Qb ?%%h%%%ggggglt% f tracks on

a magnetic di sk, theas Féh he“sensrtivity 0 e (nag# Sic head) .

Therefore, the hpag) posthLORARLES! LOGLBRCYFREKNILK RS, RB3d RASI)ON
E & by using & head

det ecting sensor constructed as abov can be enhance ( (
and nmagnegic di §KchQEB§SEH@deEtEBl§Q§ genepalrdqn opf thite ddtdicgk drive.

In the enbodi ment, the format of the servo information recorded on the
master disk 121ths 20ri dgihical mbgo&han of the senwat FhHANFBLi@RiW itten by

the range of the head positioning control zone.
Accordingly, the embodiment can enhance the accuracy
of writing servo information without enhancing the

10 accuracy of the air spindle motor 11. 1In general, the
higher the density of tracks on a magﬁetic disk, the
higher the sensitivity of the head (magnetic head).
Therefore, the head position detecting accuracy of the
head position detecting sensor constructed as above

15 can be enhanced by using a head and magnetic disk
corresponding to the generation of the hard disk
drive.

In the embodiment; the format of the servo

information recorded on the master disk 121 is

20 identical to that of the servo information written by
the servo track writer shown in FIG. 1. However, as
the servo information recorded on the master disk 121,
servo information can be used, which contains only the
AGC section 301, erase section 302 and burst section

25 304 and no address section 303. 1In this case, the

number of servo areas 202 on the master disk 121 can

be further increased to thereby further enhance the



"the servo track witer shown in FIG 1. However, as the servo information
recorded on the master disk 121, servo information can be used, which
contains only the AGC section 301, erase section 302 and burst section 25
304 and no address section 303. In this case, the nunber of servo areas
202 on the master disk 121 can be further increased to thereby further
enhance the 26 - servo information sanpin%%fnpquency. As descri bed above,
the master head 13 and servo wite heads are of the same type as the
heads for wuse in a hard disk drive that incorporates the HDA. 5 However,

it is not always necessar¥ to.use naster and servo wite heads of the sane
type. Further, PEIVE lROPTHPHEPE SEEELLRTy {HEWEECY ‘mast er head of the sane

type as a head used in hard. di sk.drive incorpqratin t.he HDA. 10
[ Modi fication of thehéngiﬁcficﬁéﬁte]d PR dHiS R égio(?di VG he
~accuracy of wijti ervo Lpformation.to each nmagneti ¢, di sk 2_1s
det er ni ned on tHélggsﬁgaSF ?ﬁeaﬁgcﬁfaéyeoﬁapﬁetyF%séﬁv%th%SF#étﬁSﬁ
recorded on the ster _dj 1 T e ce._t racy., of e servo
i nformation on ng Eﬁa%té?&&ié%sf2gfﬁgeh?g%ﬁyﬁgggnggé%ggréget_ writer
that is obtaineg,pyvLapr9yi ig LB 89@$§@th%Q%Es?? VQO.EE%Cﬁa HbeL3d S
necessary to generate h!ghly accurate “servo infornation.” Referring again
to FIG 1 for 2Q0.¢9BvRARieBACReaakEoratl@sehinRt ktQpe | IFuReWehe given of a
not always necessary to use a master head of the same
type as a head used in a hard disk drive incorporating
the HDA.
10 [Modification of the Embodiment]

In the above-described embodiment, the accuracy

of writing servo information to each magnetic disk 122
is determined on the basis of the accuracy of the
servo information recorded on the master disk 121. To

15 enhance the accuracy of the servo information on the
master disk 121, a highly accurate servo track writer
that is obtained by improving the conventional servo
track writers is necessary to generate highly accurate
servo information. Referring again to FIG. 1 for

20 convenience sake, a description will now be given of a
modification of the embodiment, which can eésily
produce a master disk 121 with highly accurate servo
information, without using such a highly accurate
servo track writer. |

25 This modification is characterized in that an
optical disk is used as the master disk 121 instead of

a magnetic disk, unlike the embodiment. Accordingly,



~nodi fication of the enbodi ment, which can easily produce a master disk 121
with highly accurate servo information, w thout using such a highly
accurate servo track witer. 25 This nodification is characterized in that
an optical disk is used as the master disk 121 instead of a nagnetic

di sk, unlike the enbodi nent. Accordingly, - 27 an optical head (optical

pi ckup) is used, instead of a nagnetiq_hgﬁp,_gs the master head 13 that
forms a head position detecting sensor. a recording surface of the
optical disk used as the nmaster disk 121, 5 concentric |land tracks 801 and
groove tracks 802 as trackin% i nformation are arranged alternate Sis

. . , ly, a
shown in FI G 8A2D| PPEAGAILANEEINJPRF 1CRAt PlIF&IPANd Sakdedgr daPE 9adadids 2801
and 802 are not spiral, ich differs froma standard optical disk. 10 The
| and and groovem?BBSE%CngaQndagoﬁ &r@as§FFa%§€§ %tﬁ%&tpi ¢ Sofd %o as
to enable head _drive cogtrol ihead faorwarding) to be executed in
i ncrements of v??ﬁl¥ﬁpna LEGFAPINGREEC Thi gy 2t KEFOTG P IASUTHE 5 @dent

t echni cal Ievelth%ﬁébgﬁkagig?;klgsg%y%sat%ggg%%t%§cgﬁgknq£1ensity t han

magneti c di sks. Oré€, N7i's set” to, I~ exanple, ‘the pitch of

the land gnd of ggxBehERGES 1800 R2dcRA2 603 LollGedovko Whdinhgnehy the
accuracy of the tracking intormation can be made higher than in the case of
20 using a magnethexdhgkinFRenbRebBase el B RG@ECHUNRCYnately, as is

shown in FIG 8A. It should be noted that the land and

groove tracks 801 and 802 are not spiral, which

differs from a standard optical disk.

10 The land and groove tracks 801 and 802 are
arranged with a pitch of W/2 so as to enable head
drive control (head forwarding) to be executed in
increments of W/2N (N: a natural number higher than
0). At the present technical level, optical disks

15 have a higher recording density than magnetic disks.
Therefore, if N is set to, for example, 2, the pitch
of the land and groove tracks 801 and 802 is reduced .
to W/4, whereby the accuracy of the tracking
information can be made higher than in the case of

20 using a magnetic disk. The increase in the accuracy
of the tracking information can enhance the head
positioning control accuracy. Further, the land and
groove tracks.801 and 802 may be formed to have wobble
as shown in FIG. 8B. In this case, from the wobble

25 803 detected by the master head (optical head) 13, a

clock demodulator corresponding to the clock

demodulator 22 can demodulate a wobble clock signal.



-of the tracking information can enhance the head positioning control
accuracy. Further, the land and groove tracks 801 and 802 may be forned to
have wobble as shown in FIG 8B. In this case, fromthe wobble 25 803
detected by the naster head (optical head) 13, a clock denodul at or
corresponding to the clock denodulator 22 can denodul ate a wobbl e cl ock
signal. 28 This nakes, unnecessary, an oaﬁlca head corresponding to the
cl ock head 130, and a track cor respondi ng the clock track 210. In
addition, in the enbodiment, the inventionis 5 applied to a servo track

witer (servo information Mﬁltln appar atus) for itin ervo i nformation
to a magnetic ghsR FBFeﬁseuPHeﬁe%é‘nggai &R S%t\}éa("-m%é)a %HS\E@\?@PH dipg

invention is al so i cabl e rvo tra iter for wij.ting servo
i nformation to dEEE 560 ﬁ% PGPrF "130h Godl 25 Atk CErr b ahoRie Lt por Ot han
a nmagnetic disg kog gﬁatages and nodifications will readily
occur to those EFIF 8C Ther ef or e, the invention in its broader

aspects is not limtg ggad}aged RGH epfletailon andifenreasnia v

enbodlnents shown an escri ereln

el ks bt bevt sgen oy ot bt o
eqUIvaIents ¥wPiting apparatus) for writing servo information to a
magnetic disk for use in a hard disk drive (HDD).
However, the invention is also applicable to a servo
track writer for writing servo information to a disk
10 medium, such as a magneto-optical disk, other than a
magnetic disk.

Additional advantagés and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

15 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



"WHAT IS CLAIMED I'S: 1. An apparatus for witing head positioning
information conprising: a first disk nediumhaving first and second 5
surfaces, first head positioning information being pre-recorded on the
first surface; neans for rotating the first disk mediumand at |east one
second di sk nedi um having at | east one recording surface and stacked
thereon; 10 a first head | ocated correspord ng to the first surface of the
first disk medium the first head reading the first head positioning
information recorded on the first surface; a second head | ocated
corresponding to the at 15 | east pnerresorgdingesur§ace of the at | east one
second disk nmedium the second head witing second head positioning

information to the aq.legﬁtag 8rh@eer ¢oRd wrs #ihdC e e P iftdlonswepor ti ng
the first and second heads such that the first and second heads can
si mul t aneously ppY8rmAtaohadbmprdkiagti on of the first and second disk
medi uns; neans for driving the supporting neans; and neans for controlling
t he driving nmeans onaaf2bshasdiiskomhetihenf hasti nlyedd rzds ianidorseagpridnf or mat i on
read by the first head, thereby positioning the first head in a target
radi al positionsonféhesfi fsrsti bkadedpaation38g information being
pre-recorded on the first surface;
means for rotating the first disk medium and at
least one second>disk medium having at least one
recording surface and stacked thereon;
10 a first head located corresponding to the first
surface of the first disk medium, the first head
reading the first head positioning information
recofded on the first surface}
a second head located corresponding to the at
15 least one recording surface of the at least one.second
disk medium, the second head writing second héad
positioning information to the at least one recording
surface;
means for supporting the first and second heads
20 such that the first and second heads can
simultaneously move in a radial direction of the first
and second disk mediums;
means for driving the supporting means; and
means for controlling the driving means on a
25 basis of the first head positioning information read

by the first head, thereby positioning the first head

in a target radial position on the first disk medium,



~and ‘causing the second head to wite, to the at |east one second disk

medi um the second head positioning information by an anmount correspondi ng
to one rotation of the at | east one second disk nmedium the 5 controlling
means shifting the target radial position by a predeterm ned pitch each
time the second head positioning information has been witten by the
anobunt  corresponding to one rotation of tyy¢ at |east one second disk
medium 10 2. An apparatus according to claiml1, wherein the first head
positioning information is recorded in a radial pattern with no gap on the

entire first S%da%%fgfpﬁh% (0 e ice b SR, & S0 BORALALYS Aceqr ding

to claim1l, mhere I'n |rst Read p03|t|on|ng i'nfor nati on

di spersedl y 1 eeaeded LAA il Hedidh eiheals dcro ded NIl %rﬁn}?th.e

entire first sur ace o |rst I nt 1's eac bei ng

shorter than eaQBf@Ema@E%hV%bsa%taﬁ@ﬂﬂﬂ"é&?%éﬁ&ﬂﬂgjﬂﬁ%g>m%%tféHHHEbn

information is 20 witten to'the at | east one second di sk nedium 4. An

appar atus accor difnghk0 a¢! aielst, ohlr lshRlonC K Fiddt i, heath posi tioni ng
i nformation generator configured to generate the second head positioning

informatien to kenwrollengt ackhe ahilfedsiy ahe secert Iadliak peditipdy the
second head, with the first head positioned in the target radial position
on the flrst dbyk anediedeterm3bed pitch each time the second head

positioning information has been written by the amount

corresponding to one rotation of the at least one

second disk medium.

10 2. An apparatus according to claim 1, wherein

the first head positioning infor;;tion is recorded in

a radial pattern with no gap on the entire first

surface of the first disk medium.

3. An apparatus according to claim 1, wherein

15 the first head positioning information is dispersedly
recorded in a radial pattern at regular intervals on
the entire first surface of the first disk medium, the
intervals each being shorter than each of intervals at
which the second head positioning inforﬁation is

20 written to the at least one second disk medium.

4. An apparatus according to claim 1, further
comprising a head positioning information generator
configured to generate the second head positioning
information to be written to the at least one second

25 disk medium by the second head, with the first head

positioned in the target radial position on the first

disk medium.



5. An apparatus for witing servo information conprising: a first disk
medi um having first and second surfaces, first servo information being
pre-recorded 5 on the first surface; a spindle notor rotating the first
di sk medium and at | east one second di sk medi um having at |east one
recordi ng surface and stacked thereon; a first head | ocated corresponding
to the first 10 surface of the first djS@lﬁedjun] the first head reading
the first servo information recorded on the first surface; a second head
| ocated corresponding to the at |east one recording surface of the at

| east one second 15.dis ium._ .t he cond ,head witin econd servo
information to the aP'|e§§?%%R8rF§§grié%;%ﬁh%%ﬁ%ﬁs%f%%ﬂ#hé%ﬁpékhﬁﬁﬂting
the first and SSSB@?iQ?ﬁQ? such that the first and second heads can

i

si mul t aneousl y nov na’radial direction of the first 20 and second di sk

medi uns; a voice coily @frlgrt s &%dtigﬁb%r\;iin%g%'r@ld_aqqcP%J&ld er

controlling the voice coil notor on asis of the first servo information

read by the figgtrhead, Ehecebyeposi iheoirpatlibe belisly rdtAdey target
radi al position on the %lrst di sk medium and causing the second head to

wite, tosthe apnl enst fonet saedadedi sk nmedium the second servo
informati on by an 32 '

a spindle motor rotating the first disk medium
and at least one second disk medium having at least
one recording surface and stacked thereon;

a first head located corresponding to the first

10 surface of the first disk medium, the first head
reading the first servo information recorded on the
first surface;

| a second head located corresponding to the at
least one recording surface of the at least one second

15 disk medium, the second head writing second servo |
information to the at least one recording surface;

a carriage supporting the first and second heads
such that the first and second heads can
simultaneously move in a radial direction of the first

20 and second disk mediums;

a voice coil motor driving the carriage; and

a controller controlling the voice coil motor on
a basis of the first servo information read by the
first head, thereby positioning the first head in a

25 target radial position on the first disk medium, and

causing the second head to write, to the at least one

second disk medium, the second servo information by an



~anmount corresponding to one rotation of the at |east one second disk
medium the controller shifting the target radial position by a
predeterm ned pitch each time the second servo infornmation has been
witten by 5 the amount corresponding to one rotation of the at |east one
second di sk nedium 6. An apparatus according to claimb5, wherein the
first servo information is recorded ina ragial pattern with no gap on the
entire first surface of the 10 first disk nedium 7. An apparatus
according to clain15 wherein the first servo information is dispersedly

recorded in Traﬂ.@'xﬁ’l't Ratter o%tdln%g%loaror{ent tVaaél'S norlj%h%}eentg f| rst

surface of the rst disk nmedium the 1nterva eac ing s or%er t han

each of intervabscalothingh dile rReORl S JIHAIML Qhif W then to the

at | east one secon sk medium 8. An apparat us accor I'ng to claim 5,

further conprisiRged $AMA109RRNALGN Qﬁﬁfa‘ PHRL LD rPeNeY galec_cr?()eaté}? second

servo information to be witten to the at | éast one second di- sk nmedi um by

the second headi iwet fthet BecbntiStschead RGN M inhd ke dingett tadin)
position on the first disk nedium 9. An apparatus according to clai'm8,

wherein 25 eachhef ambanfti cstrrasgosedond tdi Saeditamids & tmgnet i ¢ di sk
medi um and each of the first and second heads is a magnetic head. 33
least one second disk medium.

6. An apparatus according to claim 5, wherein
the first servo information is recorded in a radial
pattern with no gap on the entire first surface of the

10 first disk medium.

7. An apparatus according to claim 5, wherein
the first servo information is dispersedly recorded in
a radial pattern at regular intervals on the entire
first surface of the first disk medium, the intervals

15 each being shorter than each of intervals at which the
second servo information is written to the at least
one second disk medium.

8. An apparatus according to claim 5, further
comprising a servo generator confiqured to generate

20 the second servo information to be written to the at
least one second disk medium by the second head, with
the first head positioned in the target radial
position on the first disk medium.

9. An apparatus according to claim 8, wherein

25 each of the first and second disk mediums is a

magnetic disk medium, and each of the first and second

heads is a magnetic head.



©10. "An apparatus according to claim9, wherein: a clock track wth a

magneti c cl ock

pattern pre- recorded thereon is formed in a predeterm ned

radial position on the second surface of the first disk 5 medium the
clock pattern being used to denodul ate a clock signal, and further

conprising: a third head reading the clock pattern fromthe

the first disk
10 cl ock signa

generator generating the second servo

cl ock signal denndulgtedARy éggrgkggkaggg?ggh tQr. %galA@ a ratys for

I um havi ng

Wl’ltlng Servo |

cl ock track on

medi um and a cl ock demadulsat or. configured to denodul ate the

fromthe clock pattern read by the third head, the servo
information in synchronismwth the

nf or maf i on Aprisfing: -an optica

first and second SuLfaggsy %EQEK'Qgtgnfo eQch%ﬂ%%kp5}tﬁﬁﬁﬁ{gﬁann

first surface;

at | east one nmagneti [ i um havi ng

surface; 5 34 medium, the clock pattern being used to demodulate a

10

15

20

25

clock signal, and further comprising:

a third head reading the clock pattern from the
clock track on the first disk medium; and

a clock demodulator configured to demodulate the
clock signal from the clock pattern read by the third
head, the servo generator generating the second servo
information in synchronism with the clock signal
demddulated by the clock demodulator.

11. An apparatus for writing servo information
comprising:

an optical disk medium having first and second
surfaces, tracking information being pre-recorded on
the first surface;

at least one magnetic disk medium having at least
one recording surface;

a spindle motor rotating the optical disk medium
and the at least one magnetic disk medium Stacked
thereon;

an optical head located corresponding to the
first surface of the optical disk medium, the optical
head reading the tracking information recorded on the

first surface;

| east =~ 20 one
recording surfagg;oA488i PHLEeBR! 95 EQEﬁEB“QntBGFQBHb%%EmQh%@ radijym and
the at | east one nagnetic di sk nmedi um stacked

| ocated correspgpdi fgohOohhehd5stbbsl suiffaee eff the @ptisealidiksk nedi um
the optical head reading the tracking information recorded on the

hereon; an optical head

first

he



“a magnetic head | ocated corresponding to the at |east one recording
surface of the at |east one nmagnetic disk nmedium the magnetic head
witing servo information to the at |east one recording surface; 5 a
carriage supporting the optical and nagnetic heads such that the optical
and magnetic heads can sinultaneously nove in a radial direction of the
optical and magnetic di sk nediuns; a vaiceygoil notor driving the carriage;
and 10 a controller controlling the voice coil notor on a basis of the
tracking information read by the optical head, thereby positioning the

optical head in a taf %g;rfeacqica!heoaf&?iltcicoi‘c&{‘ dhe-apid cingi sk fRdigm — and

causing the magnetic head to wite, to the at 15 [ east one nmagnetic disk

medi um the sery@aiskf eh@RlieRd rdih @R ATRIHY SOMHRSRANdidt & phe rotation
of the at |east one magnetic di sk medium the controller shifting the

target radial pagighie®ncbylidkbirdatar,Mited majiadi eatdnd iwe ey SeEMe

i nformati on has been witten 20 by the anount corresponding to one rotation
of the at | eastingaemargaet ite dihek atedicdst bhe Aledpimad buacas di ng to
claim11l, further conprising a servo generator configured to generate the
servo infbrmation toabeamritagen supddre iatg |tHesto25 ane aredymedgreetdick medi um
by the nmagnetic head, with the optical head positioned in the target

radi al positi oheadst sachpttihedl tdieskptddialmar@b magnetic heads can

simultaneously move in a radial direction of the
optical and magnetic disk mediums;
a voice coil motor driving the carriage; and

10 a controller controlling the voice coil motor on
a basis of the tracking information read by the
optical head, thereby positioning the optical head in
a target radial position on the optical disk medium,
and causing the magnetic head to write, to the at

15 least one magnetic disk medium, the servo information
by an amount corresponding to one rotation of the at
least one magnetic disk medium, the controller
shifting the target radial position by a predetermined
pitch each time the servo information has been written

20 by the amount corresponding to one rotation of the at
least one magnetic disk medium.

12. An apparatus according to claim 11, further
comprising a servo generator configured to generate
the servo information to be written to the at least

25 one magnetic disk medium by the magnetic head, with
the optical head positioned in the target radial

position on the optical disk medium.



'13. 'An apparatus according to claim 11, wherein concentric |and tracks and
groove tracks used for reproduction of the tracking information are
alternately arranged on the first surface of the 5 optical disk nmedium 14.
An apparatus according to claim 13, wherein the land tracks and groove
tracks are arranged with a pitch set to 1/N (N is a natural nunber higher
than 0) of the predetermned pitch. 1Q 15g An apparatus according to claim
11, wherein: concentric land tracks and groove tracks used for
reproduction of the tracking information are alternately arranged on the

first surface of th ophhcgkﬁgég%ugegr %¥; bkﬁa dwyy\Muhg}edglﬁck

signal is reproduce is f at the groove trdcks

Servo gener at or cggRERaLes 8BRS € UR sl LR WRIOR Ik M th the
cl ock signal rgproduced fromthe mogble %QEH A ﬁ%t oé{for mrrtrng

second head pOSkbeBHﬂgtlbﬂf@E”@hboﬂrb%kéhgl%%&br%&%lkﬁp%E@ ng surface of
at | east one second disk nedium stacked with a first disk nmedi um having

first and secondisurhacesy tReahigedt onstthiada reft tshe fadeSto ditsle medi um
recording first head 25 positioning information, conprising: driving a
carriage bn theopascslotiishembdistm.head positioning information read from
the first surface of - 36
14. An apparatus according to claim 13, wherein
the land tracks and groove tracks are arranged with a
pitch set to 1/N (N is a natural number higher than 0)
of the predetermined pitch.
10 15. An apparatus according to claim 11, wherein:
concentric land tracks and groove tracks used for
reproduction of the tracking information are
alternately arranged on the first surface of the
optical disk medium;

15 wobble, from which a clock signal is reproduced,

is formed at the land and groove tracks; and
the servo generator generates the servo
information in synchronism with the clock signal
reproduced from the wobble.

20 16. A method for writing second head positioning
information to at least one recording surface of at
least one second disk medium stacked with a first disk
medium having first and second surfaces, the first
surface of the first disk medium recording first head

25 positioning information, comprising:

driving a carriage on the basis of the first head

positioning information read from the first surface of



“the first disk nmediumby a first head | ocated corresponding to the first
surface, while rotating the first and second di sk nedi uns, thereby
positioning, in respective radial positions on the first and second 5 di sk
medi unms, the first head and a second head | ocated corresponding to the at

| east one recording surface of the at | east one second di sk nmedium the
carriage supporting the first and secand Jyads such that the first and
second heads can be sinmultaneously radially 10 noved over the first and
second di sk nediunms; sequentially repeating control for positioning the

first and 5eCO”th%“v‘%?%sit”d%@%pﬁ%hiﬂﬁﬁ Eogf gete ;nadi ?ﬂeado‘i?éaﬁt%’&s on the first
the rad

and second di sk nedi umns, target ial "positions being shifted in

increments of 1 i ped+pit ch A t hejcantr,
execut ed; and cgagfgéﬁgﬁggégggﬁdtﬁgagafg%wgﬁfg%?ﬁ% gg%gﬁhrﬁgf' %ﬁggﬁgioning

information to khesat shgagkcene 8§2&RNGeddudls , MdicHEL WAIJsE tRIHIERY,NiRgY the
first and second 20 heads in the respective target radial positions on the

first and secondedpsktiwdi vaBial7podifebied oaCeddifig stto stlaisackhd wher ei n
the first head positioning information is recorded in a radial pattern
with no gap on thekemtdiembkir shesfiifrate he2d ahd e sfedosid dieslkd mediatad 18. A
nmet hod according to claim 16, wherein the first head positioning
information is dpspespedHyng7to the at least one recording surface of
the at least one second disk medium, the carriage
supporting the first and second heads such that the
first and second heads can be simultaneously radially
10 moved over the first and second disk mediums;
sequentially repeating control for positioning
the first and second heads in respective target radial
positions on the first and second disk mediums, the
target radial positions being shifted in increments of
15 a predetermined pitch each time the control has been
| executed;  and
causing the second head to write the second head
.positioning information to the at least one second
disk medium, while maintaining the first and second
20 heads in the respective target radial positions on the
first and second disk mediums.
17. A method according to claim 16, wherein the
first head positioning information is recorded in a
radial pattern with no gap on the entire first surface
25 of the first disk medium.

18. A method according to claim 16, wherein the

first head positioning information is dispersedly



-recorded in a radial pattern at regular intervals on the entire first
surface of the first disk nedium the intervals each being shorter than
each of intervals at which the second head positioning information is 5
witten to the at | east one second di sk nedi um
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recorded in a radial pattern at regular intervals on
the entire first surface of the first disk medium, the
intervals each being shorter than each of intervals at
which the second head positioning information is

5 written to the at least one second disk medium.



