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2 7 JUN aihaly 2dobodB8d00)’ - 1 TITLE OF THE | NVENTI ON METHOD AND
APPARATUS ég@%g%#{r&ﬂﬁvnN DI SK DRI VE FOR PERPENDI CULAR MAGNETI C
RECORDLNG__ C ENTI ON 5 The present invention rel ates
general ly t ve of a perpendi cul ar magnetic recordi ng system
u5|ng a 5|nﬂmmm m ml ﬂ pol e type head and, in particular, to a servo

te nethod f recording servo data on a _disk. 10 In recent years,

attentlon has beeﬁgpald to the perpendicul ar magnetic recordi ng system as
a technique for overcomng the [imtation of recording density in the

lﬁ E_zg‘f eld of dga Tagnet i o di sk TG VE rEG cOUERAIBY o hard di sk drive. In
IS er pen

been ¢ onar d pHBRIE A EnA BB A e S S S ek EFOE R BTBEpe using a
disk of a douple:el ayer e Slawniune Ayl A 196958 FRgTRA um 20 A di sk

with such a d I'e-l'ayere ructure has a Tecording magnetic |ayer

reveal i ng a perpendicul ar gﬁ@ﬁ@hngﬁnb%O%@QpﬁNyﬁkftéNﬁt magnetic | ayer

formed between the recording magnetic layer and a substrate.
5 The present invention relates generally to a disk

. drive of a perpendicular magnetic recording system
using a single magnetic pole type head ahd, in
particular, to a servo write method for recording
servo data on a disk.

10 In recent years, attention has been paid to the
perpendicular magnetic recording system as a technique
for overcoming the limitation of recording density in
the longitudinal magnetic recording (in¥plane mégnetic
recording) system, in the field of a magnetic disk

15 drive represented by a hard disk drive. 1In this
perpendicular magnetic recording system, the recent
tendency has been toward promoting the practical use
of a disk drive of a type using a disk of a double-
layered structure as a data recording medium.

20 A disk with such a double-layered stfucture has a
recording magnetic layer revealing a perpendicular
magnetic anisotropy and a soft magnetic layer formed
between the recording magnetic layer and a substrate.
The soft magnetic layer has the function of creating a

25 closed magnetic path of a magnetic flux generated in

one magnetic pole of a head to the other magnetic pole
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at the time of recording data.




The soft magnetic |ayer has the function of creating a 25 cl osed nmagnetic
path of a magnetic flux generated in one nagnetic pole of a head to the
other magnetic pole at the time of recording data. - 2 |In the disk drive
of the perpendicular magnetic recording system use has been nade of, as a
read head, an active elenent represented by an MR (nagnetoresistivei
element (including a GWR element) 5 as in the case of the |ongitudinal
magnetic recording system while, on the other hand, use is nade of, as a
wite head, a ring type head or a single nagnetic pole type head as in the

case of the | ongitudi nal gnetic. recprdi : - i
mde, 'In the 10di 3 e S Lo i
e head nounted j.n a separate i g T i pg
be. Used for eFEREFANE Fpatal ci e Fagrer? ot 28008l ng st earar the o

nggitudinal g%%n tk%hrﬁﬁﬁgg;ng§%§g§2%%%€§5éﬁ@ggebylgnnﬁgnetic pol e type

on the as been as a wite head for

per pendi cul ar  gRaReli ;o J RGO NG Bldne | {intDeaeher 8, GhiRecpeaghtsal . use

of the perper ar ‘magnetic recording systemis" pronoted, there is a
hi gh p0§s' bi Ity sthaty -y e 20 SiHeh e hagneli fapakeitypecbeaddagare

enpl oye In short, wth the above-nentioned trend thus
system, while, on the other hand, use is made of, as a
write head, a ring type head or a single magnetic pole
type head as in the case of the longitudinal magnetic
recording system. In general, use is made, in the
10 disk drive, of a magnetic head having a read head and
write head mounted in a separate way on one slider.

The ring type head can be used for either.the
perpendicular magnetic recording system or the
longitudinal magnetic recording system. The single

15 magnetic pole type head, on the other hand, has been
developed as a write head for perpendicular magnetic
recording only. If, therefore, the practical use of
the.perpendicular magnetic recording system is
promoted, there is a high possibility that many more

20 single magnetic pole type heads are employed.

In short, with the above-mentioned trend thus
promoted, there is a high possibility that, as the
disk drive of a perpendicular magnetic'recording
system, the mainstream will be toward adopting a drive

25 using a disk of a double-layered structure as a data
recording medium as well as using a single magnetic

pole type head as the write head.



pronoted, there is a high possibility that, as the disk drive of a

per pendi cul ar magnetic recording system the mainstreamw || be toward
adopting a drive 25 using a disk of a double-layered structure as a data
recording mediumas well as using a single magnetic pole type head as the
wite head. 3 It is well known that, in the manufacturing process of a
disk drive, a servo wite step is done for recording servo data on the
disk in servo areas. The servo data is used, prior to a read/wite 5
operation, to control the positioning of a head (read/mwite head) to a

target position (a track to be accesse on |1 inth
servo wite step, atdedf cieed K H%V?CEE g%léa §h§eP98 F&%ra X eLn(STSV i's

used to 10 performr rdi ng cessing of servo.data drive with
a drive necha®i*Sqs%ot %g) g gﬁl%?c 3§¥8ngfeg St R&F gonS ﬁ%the di sk

d f t udi

pigggsglng of%gﬁélgﬁ%g% nagqgéégh §§§V§FQQH§¥§% lkhgegg%?|e d0ut. In the

perpendlculargn%%éﬁtlc Q§§P£digg%§¥§te§}%ﬁ rQCEb%%qu' sk drive has been
uc

devel oped as ettt ed pr o ay except for an

exper! mgnt al QB sIPT &b SO AGH Ugher 5eeauw%gzgft he neggor di ng

processi ng of ervo 'a Ts carried
(read/write head) to a target position (a track to be

accessed) on a disk.
Generally, in the servo write step, a dedicated
device called a servo track writer (STW) is used to
10 perform recording processing of servo data on a disk
drive with a drive mechanism for a head, disk etc.,
assembled theréon. In the disk drive of a
longitudinal magnetic recording system,-the recording
processing of the servo data by the STW is normally
15 carried out.
In the perpendicular magnetic recording system,
no practical disk drive has been developed as a
manufactured product to this day except for an
experimental drive. There is no actual report that
20 the recording processing of servo data is carried out
by a sérvo write step of any practical stage. In
particular, in the disk drive of a perpendicular
magnetic recording system using a single magnetic pole
type head and disk of a two-layered structure, no
25 servo write step of any practical stage has been
achieved though such a disk drive will be able to be

realized as a near-future mainstream product.



by "a servo wite step of any practical stage. In particular, in the disk
drive of a perpendicular nmagnetic recording systemusing a single nagnetic
pol e type head and disk of a two-layered structure, no 25 servo wite step
of any practical stage has been achieved though such a disk drive will be
able to be realized as a near-future mainstream product. 4 BRI EF SUMVARY
OF THE INVENTION It is accordingly the 0Q|ect of the present invention to
provide a servo wite method which alllows the practical use of a servo
wite process of witing 5 servo data on a disk of a two-layered structure

in particular by a single magnetic pol pe..he ' di sk drive of a
per pendi cul ar magnetic r ecof %gs %@%@gn¢¥ ﬁHg 2gyg§328Nmﬁth one aspect of

the present 10 |nvent|on t her |s provi de od applied
to aldisk drive ofI pet FERAR T 5?%t?§36?§c8rdFﬁ% E%e h?u3|ngpg
single nagnetlc po e head S | a ered
struc;urﬁ thé r%%ﬁwﬁ%ﬁ g'é%or %ﬁ Qgig% g%go§5§§heé vmt%

use of the S|n etl ype p sSBEV nethod
conpri sing th& s?@ﬁ% %%le0| #ﬁg ?€§@§o§???%n %éeg SE gf%%hgs

magnetig pol e Jtype, QEH%iQH]qy @{gﬁ'éﬁtaa§w§—§§§¥9eér§@ructure in

particular by a single magnetic pole type head in a
disk drive of a perpendicular magnetic recording
system.

In accordance with éne aspect of the present

10 invention there is provided a servo write method
applied to a disk drive of a perpendicular magnetic
recording system using a single magnetic pole type
head as a write head and a disk of a two-layered
structure, the method comprising recording servo data

15 on a disk with the use of the single magnetic pole
type head.

The present servo write method comprising the
steps of controlling the positioning of the single
magnetic pole type head on an area set as a servo area

20 on the disk and performing perpendicular magnetization
recording of servo data on the servo area under a
recording magnetic field generated from the single
magnetic pole type head in accordance with the
magnetic pole thickness of the single magnetic pole

25 type head.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a view for explaining a disk drive and



20 on the disk and perform ng perpendi cul ar magnetization recording of
servo data on the servo area under a recording magnetic field generated
fromthe single magnetic pole type head in accordance with the magnetic
pol e thickness of the single nmagnetic pole 25 type head. BRI EF DESCRI PTI ON
OF THE SEVERAL VIEWS OF THE DRAWNG FIG 1 is a view for explaining a disk
drive and - 5 a servo track witer relatdng to an embodi ment of the
present invention; FIG 2 is a view for explaining a disk of a two-|ayered
structure and a single nagnetic pole 5 type head in the present

enbodinent; FIG 3 is a viewfor explaipin servo temof _.a disk drive
relating to tﬁeﬁﬁ%&ﬂyﬁr%ﬁﬁuﬁﬁ+ﬁﬁﬁ;EéfﬁgﬁngAg?oaﬁC?QEééﬁpgn grtgﬁplaining
a servo wite process relating to the present enbodinent; 10 FIG 5 is a
view for explﬁﬂ%%ﬁ?qtﬁPY?éhh ‘control of a servo gate in a servo system

relating to the pHgggntzenboghgggéégégde§b§§in§égtg G @ vi ews for

.o 1 .
expl ai ning a servo ta” reto e I'nva servo wifte process relating

15 to the present enbc %#Eﬁ“st @ﬁfg;%ﬁgggﬂgggbgy_ggggggikNggmglCN The

enbodi nent ofathe pre inventron w escri bed below by referring
to the %CCO”D%@Eé“head in the present embodiment;

FIG. 3 is a view for explaining a servo system of
a disk drivelrelating to the present embodiment;

FIGS. 4A to 4C are views for explaining a servo
write process relating to the present embodiment;

10 : FIG. 5 is a view for explaining the timing
control of a servo gate in a servo system relating to
the present embodiment; and

FIGS. 6A to 6C are views for explaining a servo
data recorded state in a servo write process relating

15 to the present embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The embodiment of the present invention will be
described below by .referring to the accompanying
drawing.

20 (Disk Drive Mechanism)

FIG. 1 shows a major section of a perpendicular
magnetic recording system according to this
embodiment. The disk drive has a housing (a top cover
is omitted) 7 for a drive body having a built-in

25 driving mechanism including a disk 1, a spindle motor
(SPM) and an actuator. The actuator comprises an arm

4 including a suspension with a head 3 mounted thereon



drawing. 20 (Disk Drive Mechanisn) FIG 1 shows a major section of a

per pendi cul ar magnetic recordi ng systemaccording to this enbodinent. The
di sk drive has a housing (a top cover is omtted) 7 for a drive body
having a built-in 25 driving mechanismincluding a disk 1, a spindle notor
(SPM) and an actuator. The actuator conprises an arm 4 including a
suspension with a head 3 nounted thereon_ - 6 and a voice coil notor (VCM
5 for noving the arm4 in a radial direction over the disk. Acircuit
board 6 wth a pre-anplifier circuit, etc., attached thereto is arranged
in the housin The pre ' i S connect t hr ough.an FPC

(flexible pri %Péﬂa LB Ct%r;rﬁalr‘{éatoeﬁrf g \?83\5 aI o@x?lf r%‘ﬁ%}ﬁl%sfgﬁ f™a

d/wit I d.3 d
Awrite hoad (SOPAOTpASRr oS SalpI e 1 %é;lng?:%l%% 29[9%‘59%513”?2?3“

per pendi cul ar netization sr.ecordi a r onpri sed
of an MR (GNR ng?‘eﬁeﬁ)tre ‘anéDlsl?tﬁg rg @n%rg%g]l[%/cagg%l [ ype ead ?\%\%?%g head) 30

conpri ses, gh%\@}an JT% etl%cF anég?éa{]hg&gnetrrﬁe @—éﬂﬁli?ie enerating a

15 per pendl cullar rragn iliary gnet pol e 31B. The
main magneti CCR%'c%l%lAéﬁac%rﬁlé@ée% -t iiesedh bed FRONeticxpele bbiskegss (&)

and genérates
' cable) to a head 3 to allow transmission of a

read/write signal.
The head 3 is mounted on a single slider and
comprises a write head (30) comprised of a single

10 magnetic pole type head for perpendicular
magnetization recording only and a read head (32)
comprised of an MR (GMR) element. The single magnetic
pole type head (write head) 30 comprises, as shown in
FIG. 2, a main magnetic pole 31A for generating a

15 perpendicular magnetic field and an auxiliary magnetic
pole 31B. The main magnetic pole 31A has a later-
described magnetic pole thickness (Gt) and generates é
foot stamping portion (incomplete erasing portion) at.
the time of perpendicular recording.

20 On the other hand, the disk 1 is comprised of a
double-layered structure having, as shown in FIG. 2, a
recording magnetic layer 24 of a perpendicular
magnetic anisotropy and a soft magnetic layer 22
formed between the recording magnetic layer and a

25 substrate 21. An intermediate control layer 23 1is
provided between the soft magnetic layer 22 and the

recording magnetic layer 24. A surface protective



foot stanping portion (inconplete erasing portion) at the tine of
per pendi cul ar recording. 20 On the other hand, the disk 1 is conprised of a
doubl e-l ayered structure having, as shown in FIG 2, a recording nmagnetic
| ayer 24 of a perpendicular nmagnetic anisotropy and a soft nmagnetic | ayer
22 fornmed between the recording nmagnetic layer and a 25 substrate 21. An
internmediate control layer 23 is provid bet ween the soft magnetic |ayer
22 and the recording magnetic |ayer 24. A surface protective 7 film25 is
prOV|d§q or the surface of the recording nagnetic |layer 24. In the
per pendi cul ar magnetic recordjng system as_shown_in FIG 2, a
FﬁrpenQicularf#é@h@ﬁf%%iRﬂQF%@%%r eshBRdPRET R0 WPt ERBat§CPE 4B Aer at ed i n
e main nmagnetic po 31A of ,the single magnetic pole type head 30. B
doing so, a cW&ﬂ&??ﬁﬁﬁiﬁX?? ih (indicated by the dotteépline) of the g

mai n magneti | e 31A fil ic | . il i

fﬁls s 2?§_a't ed to aif éwl\easzﬁ%%%ﬁg?ﬁﬁkéf RUBhelrE P¥EoErEnt, Ra%Y mde bn
e recording _nmagnetic la 2 j the.dkgk dri

2 ystom (1 naPTAG . NEMUES syat ot PP hapeShaE e 0R s Faed it a from tho

15 di skl as shown Jh fl Gy %o Mot Beet Bgcgysteguublleba expkatngdihel ow as

bei ng tﬁe servo system
magnetic pole 31A of the single magnetic pole type

head 30. By doing so, a closed magnetic path
(indicated by the dotted line) of the main magnetic
pole 31A, soft magnetic layer and auxiliary magnetic
10 pole 31B is created to allow a perpendicular magnetic
recording to be made on the recording magnetic layer
24 of the disk 1. |
Further, the disk drive has a system (including-a
servo system) for reproducing recorded data from the
15 disk 1 as shown in FIG. 3. Here, the system will be
explained below as being the servo system for
reproducing the recorded servo data from the disk 1.
The sysﬁem includes a read head 32, a pre-
amplifier circuit 33, a read/write (R/W) channel 34, a.
20 gate array (GA) 35, a VCM driver 36 and a
microprocessor (CPU 37). The read head 32 reads out
recorded servo data from the disk 1 and the read
signal is output to the pre-amplifier circuit 33. The
pre-amplifier circuit 33 amplifies the read signal and
25 sends it to the R/W channel 34.
Based on the timing of the servo gate SG

generated from the gate array (logic gate circuit) 35,



reproduci ng the recorded servo data fromthe disk 1. The systemincludes a
read head 32, a pre anplifier circuit 33, aread/wite (RRW channel 34, a.
20 gate array (GA) 35, a VCM driver 36 and a mcroprocessor (CPU 37). The
read head 32 reads out recorded servo data fromthe disk 1 and the read
signal is output to the pre-anplifier circuit 33. The pre-anplifier
circuit 33 anplifies the read signal and 825 sends it to the RFWchannel 34.
Based on the timng of the servo gate SG* generated fromthe gate array
(logic gate circuit) 35 8 the RRWchannel 34 extracts (reproduces) the
servo data fromthe read signal and sends it to the CPU 37. The CPU 37
constitutes athg R/FomhasInahids roFtidets seFeRr 2§Ltem ahBedPRyE%and
perfornms servo control 5 under ich the VCM driver 26 is,co E o] Il7ed based
on the reprof88¢&d L& FRFattEa Ut " he®RAnTF 1S ot Tt hR g&%lﬁ 95 he VCM
driver 26 driyes t \ét 5 tog locate _the,head 3 a{ a tar ition on
the disk 1. (égﬁvc‘}%&n qﬁﬁ\?é’c%]ut)u%sl% ‘P%“n%%%‘f%%iu??hg %5%:2@ of a disk
drive of the above-nentioned, perpendi cul t] c i system as
Croun B RNt REL BRSO ERARE L UBCOEALG, System, 2o
on serv area%ngg% ﬁﬁi [ %%QRﬂ%Q§piééfa§6of%tggngkégléd“bggeﬁhgnuse of a
15 servd track writer 0. The servo wite netho
the reproduced servo data. Under the control of the
CPU 37, the VCM driver 26 drives the VCM 5 to locate
the head 3 at a target position on the disk 1.
(Servo Write Method)
10 In the manufacturing process of a disk drive of
the above-mentioned perpendicular magnetic recording
system, as shown in FIG. 1, a servo write step is
performed for recording servo data on servo areas 100
of predetermined areas on the disk 1 with the use of a
15 servo track writer (STM) 10. . The servo write method
relating to the present embodiment will be described
below with reference to not only FIGS. 1 to 3 but also
FIGS. 4A to 6C.
In the servo write method relating to the present
20 embodiment, the actuator of the drive is driven under
control of a servo track writer (STW) 10. And a
perpendicular magnetic field is generated in a write
head (single magnetic pole type head) 30 of a head 3
to allow the servo data to be magnetically recorded on
25 the servo areas 100 on the disk 1.
Here, in the perpendicular magnetic recording by

the single magnetic pole head 30, there occurs the



relating to the present enbodinent will be described beloww th reference
to not only FIGS. 1 to 3 but also FIGS 4Ato 6C In the servo wite
method relating to the present 20 embodinent, the actuator of the drive is
driven under control of a servo track witer (STW 10. And a perpendi cul ar
magnetic field is generated in a wite head (single nmagnetic pole type
head) 30 of a head 3 to allow the servo data to be magnetically recorded
on 25 the servo areas 100 on the disk 1. re, in the perpendicul ar
magnetic recording by the single magnetic pole head 30, there occurs the 9

known phenonenon that the planar confjguration of the net i I
vi ewed fron1aﬁQﬂ¥§(Rﬁ?n?ﬂﬁﬁ?%gthgﬁrFQ%e?TBPaFhEOEFFHBFg?gOPebgr%B&eoﬁsthe

disk 1 to cause previous, history data_(h i Ly 5 ded
servo data or "&& ﬁﬁu&%&%)a%oV%%WEPa£§8%L§h %Eﬁngggéég%%fﬁﬁgnregﬁ{se

erased portion is_cal|led f . St d i d I bei
conplete!¥ erf%gakﬁﬁ?%ﬁ?ﬁ?t?%ggi? ?%a giﬁ%%é%hgafﬁg tégggggipﬁfﬁpgﬁ. ?hn?he
servo wite step usin e '

the “portion TR RerveSus nE b BTk Tang Kb e Ty Eub BE BRI ot on”

o DEnes ™ £, SRSl A6 BT AR b stecer diuonyl o0 ncampler ey o asec
being overwritten. This erased portion is called a
foot stamped portion and remains as not being
completely erased portion, that is, an incompletely
erased portion. In the servo write step using the

10 single magnetic pole type head 30, therefore, the
portion of the servo data corresponding to the foot
stamped portion is generated as not being a normally
recorded portion (incompletely erased portion).
Furthér, when the angle becomes prominent between the

15 track direction of the rotating disk 1 and the
longitudinal direction of the single magnetic pole
type head 30, that is, when the skew angle becomes
prominent, the foot stamping portion appearé prominent
and, in a worse situation, the edge portion of the

20 magnetization transfer configuration of the magnetic
recording area is distorted.

It is estimated that as shown in FIG. 2, a cause
for the occurrence of such a foot stamping portion has
relevance to the magnetic pole thickness Gt of the

25 main magnetic pole 31A of the single magnetic pole

type head 30 and this occurs due to a delay from the

interruption of the recording current until the



15 track direction of the rotating disk 1 and the |ongitudinal direction
of the single magnetic pole type head 30, that is, when the skew angle
beconmes prom nent, the foot stanping portion appears promnent and, in a
worse situation, the edge portion of the 20 nmagneti zation transfer
configuration of the magnetic recording area is distorted. It is estinmated
that as shown in FIG 2, a cause for trrlg occurrence of such a foot
stanpi ng portion has relevance to the 8neti c pole thickness G of the 25
mai n magnetic pole 31A of the single nagnetic pole type head 30 and this
occurs due to a delay fromthe jnterruption of the recordi n% iurrent unti |
the 10 magnefid9nsteld §ieakd nte? FoRg t heCHaFRenBgABt PeIpsitd 3 PR diPdppear s
conpletely. Fromthis it is seen that the eater the magneti
b0l o- £ i cknes S GARRE 1T SRRMLTTELY pol E76Bnf Pgar AFi off. SFR pEPErcthSr . the
magnetic pole 5 thickness G correspondipg.to that .length,relative.to the
track directi (ﬂfeo%%rl'uencerﬁ sr&a%r,‘eith‘e é?g‘ét gglfggeslsa%eo f t{lﬁemfag&e%s}f:arrpi ng
portion relative to. the irect] . he st anpi ng
portion 10 corproglsepocnod{f]t%&{%’gi(%lgésggm#%?ﬁléglgké ég}rée@gggtetgqgn%%(%if its
erase amgount i.S. .€ [ Ny T [ d.fram:the. foll ow ng
Celati OH'SD( 1) t?nglcgr;%iss%ﬂi 1?0%%%0%1&!;”‘80 Bhat! $ehgyRd LhamitRe k

the track direction on the disk 1, the greater the

range of the foot stamping portion relative to the

track direction.

In other words, the foot stamping portion
10 corresponds to the erase width of the servo data and,

if its erase amount is expressed in terms of time Tg,

is found from the following relation (l);

Tg Gt/Ve. e (1)

where.Ve denotes the peripheral speed of the

15 disk 1.

With reference to FIGS. 4A to 4C, an explanation
will be made below about the write timing of the servo
data in the servo write process of the present
embodiment.

20 Generally, in the disk drive, an AGC (auto gain
control) signal section 42, a track address code
section 43, a pad section 44, a servo burst pattern
section (hereinafter referred to as a burst pattern
section) 45 and a gap section 46 are recorded as servo

25 data (pattern) on the servo area 100 on the disk 1 as
shown in FIG. 4A.

Of the servo data, the track address code



where Ve denotes the peripheral speed of the 15 disk 1. Wth reference to
FIGS. 4A to 4C, an explanation w |l be made bel ow about the wite timng
of the servo data in the servo wite process of the present enbodinent.

20 CGenerally, in the disk drive, an AGC (auto gain control) signal section
42, a track address code section 43, a pad section 44, a servo burst
pattern section (hereinafter referred to,as_a burst pattern section) 45
and a gap section 46 are recorded as servd 25 data (pattern) on the servo
aaea 100 on the disk 1 as shown.in FIG 4A. O the servo data, the track
address code - 11  secfjon 43 and burst patterp.section 45 for .use,in the
pﬁsi tioni ng cARTIHON S W%%‘H%}T)p%?t?g% ﬁ%‘églgn égngf’irt ute slgr\%ledata in
t he narrow sense .of. the word., | | G _4A cqde r carded on the
track 5 addre§?s(EﬁPQ#ﬂﬁi?ﬁPEEPfofé%E%%c??éé?§E?dggt?P§ ﬁ?%?c s 0to8 On
the other hand.. [N RHStsPAIS CGLk $OLLT Dlle 43, EUPLLASS BUT ShohabLerns A B

for detecting € center ~position of t respective tracks and bur st

At e 0 P, VB0 s ke boundatapen bhanerIps servo
respectgve ampldd44& code section 43 to respectively identify
tracks 0 to 8.

On the other hand, the burst pattern section 45
comprises burst patterns A, B for detecting the center
position of the respective tracks and burst patterns

10 C, D for detecting the track boundary position. The
servo system performs position error calculation
processing with the use of the respective amplitude
values of the burst patterns A to D read out from the
read head 32. Based on the result of the position-

15 error, the servo system detects the position 40 of the
read head 32 at the center position (A=B) or boundary
position (C=D) of the track as shown in FIG. 4A. It
is to be noted that, in the burst pattern section 45
shown in FIG. 4A, those portions of the patterns A

20 to D as indicated by the dotted lines correspond to a
DC erase boundary.

FIG. 4B shows a state in which, in the servo
writing of the embodiment, the write head (single
magnetic pole type head) 30 records servo data while

25 being fed at 1/3 pitch 5f a track pitch TP. That is,
here, the write head 30 can perform 12 position

feeding strokes (Strk O to 12) and erase a previous



vaI ues of the burst patterns Ato Dread out fromthe read head 32. Based
on the result of the position 15 error, the servo system detects the
position 40 of the read head 32 at the center position (A=B) or boundary
position (C=D) of the track as shown in FIG 4A It is to be noted that,
in the burst pattern section 45 shown in FIG 4A, those portions of the
patterns A 20 to D as indicated by the dpjted lines correspond to a DC
erase boundary. FIG 4B shows a state in which, in the servo witing of

t he enbodi nent, the wite head (single magneti c pole type head) 30 records

servo data whj Ie 25 be|n fed a ch of h i

ggge éhe wri PeShead ?@g lﬁéFﬁé&ﬁﬁfg 05|c%%§§é4€£%|ﬁ%&§ rg esT(g:rLSO to
and erase_a VIO S 12 t I

magnet i ¢ rec5?8|ﬁ§fn§ d 3ish rgidgg fﬁpq%hré%ﬁngtééﬁgégﬁ%gﬁggggy @§3 pitch

by perfornlngﬁzge% AN 5@%@%rd§ﬁ%}‘%§}é¥¥¥§n Jhe yeite page (NG for

determning t nlngs recor e servo data by generating a

per pendi cul'ar ppgretie tiald tyddiepd notS: TEnekh £ni PGl entypenhiegd 30 at
the 12 p05|t|on eedi ng strokes. strk O0to 12). That is, at a timng K

of the yrite  gate WoqireraH r‘é)aﬂv% retes aly %@ﬁé’&ﬁh@n@ section 10 42
and at the burst patterns A, B. At a timng of the wite gate WG
recording i s prE@caldilhe ACmaygrit@lc field by the single magnetic
pole type head 30 at the 12 position feeding strokes
(strk 0 to 12). That is, at a timing K1 of the write
gate WG, recording is made at the AGC signal sectioﬁ
10 42 and at the burst patterns A, B. At a timing K2 of .
the write gate WG, recording is made at the AGC signal
section 42, track address code section 43, pad section
44, burst patterns C,-D and gap section 46. By
repeating these, servo data is recorded on the disk 1
15 =~ at all the servo areas 100.

In the servo writing of the present embodiment,
since the single magnetic pole type head of the drive
is used as the write head, there occurs an
incompletely erased portion corresponding to the foot

20 stamped portion as set out above. That is, the
portion of the servo data is erased in accordance with
the magnetic pole thickness Gt (for example, about
0.3 um) of the single magnetic pole type head 30.
Stated in more detail, the servo data is erased at a

25 portion corresponding'to the magnetic pole thickness
Gt from the ending of the gate WG. For example, after

the ending of a timing (K2) in which the pad section



section 42, track address code section 43, pad section 44, burst patterns
C, D and gap section 46. By repeating these, servo data is recorded on the
disk 1 15 at all the servo areas 100. In the servo witing of the present
enbodi ment, since the single magnetic pole type head of the drive is used
as the wite head, there occurs an inconpletely erased portion
corresponding to the foot 20 stanped pori'on as set out above. That is, the
portion of the servo data is erased in accordance with the nagnetic pole
thickness G (for exanple, about 0.3 gn) of the single nmagnetic pole type
head 30. Stated in nore detail, the servo data is erased at a 25 portion
correspondi ng 4% iheIRRFRESEY pbEeCEFAEEKknBEser sy BRFEHE erddiAty of t he

gate Wa. For exanple, after the ending of a_timnmng in whjich the pad
section 13 44W?@“%%%%I%ﬁ%@&d?%cB?HEa?gbnlﬁrggéﬂe o?%ﬁ%ﬁe(ﬁ d nor mal |y

eoorde0, o LS. 15 B FutlE PSR RORLLAN A e gt Lo 4 €0
pol e, LI ckness, G S MALLY: 028 RIASEAMILIANAR, (61 Sl ot phudff, ondl g
PRLLeT N | ISl T Alndle elcscdippibigy | pdtacpngdinghas
the created at the ending portion of the burst pattern B
and at the head portion of the burst pattern C. The
range of the erased portion is determined by the
above-mentioned relation (1).
10 In the servo writing of the embodiment, the
previous history servo data to be erased by the erase
time Tg of the relation (1) can be prevented from
being recorded by delaying the timing of the writé
gate. Since there exists no previous history servo
15 data to be erased due to the foot stamping effect
involved, it is possible to prevent an incomplete
erasing portion from remaining as a left-unerased
portion. 1In other words, an area corresponding. to the
foot stamping portion can be made in a completely
20 erased state.

Stated in more detail, the magnetized polarity of
the previous history servo data is so set as to be
matched to an inverted direction of magnetization to
be erased due to the foot stamping portion involved.

25 In the case where, for example, in an NRZI series of
servo data, a pattern ends with [-+101010] and a

previous history servo pattern starts with [0101-+), a



previous history servo data to be erased by the erase tine Tg of the
relation (1) can be prevented from being recorded by delaying the timng
of the wite gate. Since there exists no previous history servo 15 data to
be erased due to the foot stanping effect involved, it is possible to
prevent an inconplete erasing portion fromrenaining as a |eft-unerased
portion. In other words, an area corresponding. to the foot stanping
portion can be made in a conpletely 20 ggaséd state. Stated in nore
detail, the nagnetized polarity of the previous history servo data is so
set as to be matched to an inverted direction of na ne ization to Dbe
erased due tC)%Qﬁyq(Rﬁt%ﬁ%ﬁp?%gb%o?f?ﬁﬁdlﬂ%8F§e8n SEYFRFRe case where, for

| NRZ| f
and & previ 23@%%&33%@@93%@5%%%%39 i‘%ﬁ&é‘ PREPBEORS HSh Torvo

pattern to be ives an inverit orr onding to a
fejt t%ﬁ] d:fe t.1hous eh et ?ﬁsfzegrrq ffp 9

second bit posi e preV|ou ervo pattefn. If,
therefore, tHh ﬁeegg(gé):{% OSLLLORAT 83 P 88 sent bt in 2.3 T, 119 9 STyi ng

t he above rel ation roug erase process an Inverted
magnet | Zall on « GAL E3POOCL 08y 1 0g! faﬁe ﬁseoe bLh RISt (@) ! ithedf the
pr evi ous h|story ser o pattern at each radial posnt|on remai ns uner ased

fromthe conplgl g, g5@stke dUEEBIptBEess an inverted magnetization
corresponding to the second bit position 1) of the
previous history servo pattern at each radial position
remains unerased from the complete erasure during the
10 incomplete erase period.

In short, it is possible to achieve an improved
signal quality in the reproduction operation of the
servo data by completely erasing incompletely grased
magnetization. In this case, the timing of the write

15 gate is delayed so that recording is made as a
previous history servo pattern from a third bit
position of the servo pattern. Simultaneously
therewith, the servo pattern is so controlled as to
allow an inverted direction of magnetization first

20 appearing after the erasure of the previous history
servo pattern to be matched to an inverted direction
of magnetization in the erased state.

In this case, the amount of timing delay obeys
the relation (1) but there occurs a delay from thé

25 ending of the write gate until the actual write
current ceases. It is, therefore, desirable that, as

an actual delay amount, the time Tg be made greater by



10 i nconpl ete erase period. In short, it is possible to achieve an inproved
signal quality in the reproduction operation of the servo data by
conpletely erasing inconpletely erased mnmmgnetization. In this case, the
timng of the wite 15 gate is delayed so that recording is nmade as a
previous history servo pattern froma third bit position of the servo
pattern. Sinultaneously therewith, the servo pattern is so controlled as
to allow an inverted direction of nagﬁet? ation first 20 appearing after
the erasure of the previous history servo pattern to be matched to an
inverted direction of nmagnetization in the erased state. In this case, the
anount of ti nigfg edkdled\t obeysFurhBerel &ni 65T Houfaiérdoccurs a del ay
fromthe 25 ending of the wite gate unti| the actyal wite current

ceases. It isPqﬂﬂ§£ﬁ2ﬂ¥294kﬁﬁ?%ﬂﬂ¥?¥%%M,whEhoéﬁ EEHHSFHHngﬁ amount, the
time Tg be made greater by 15 an thent a. Further, in_qrder to maintain a
pr edet er mi ned 184CF TR PRFY Ho R L r $REEP nde FRe L n?ﬁrﬁﬁ??Sﬁlgﬁnﬁﬂt of

servo data, it is effective to I he tinme b Tg+1lJ but as a del ay
amount in 5 t &8 Y% S Wt&e‘@ th?u 15552 6‘%?:{%596@%%%% t®ad signal

wavef or i nyol ved en the servo ecorded by the servo wite step
in the gfesenﬁeéﬁﬁb&i %ﬂsﬁgy?eaﬂtoﬁ$ﬁ @ﬁa

FIGS. 6A to 6C show read signal waveforms
involved when the servo data recorded by the servo
write step in the present embodiment is read out by a
read head comprised of a GMR. FIG. 6A shows an
10 enlarged waveform diagram of the latter half of the
track address code section 43, pad section 44 and
burst pattern A section at an outer peripheral portion
of the disk 1 (at a position 28.9 mm from the center).
Similarly, FIG. 6B shows an enlarged waveform diagram
15 showing the latter half of the track address code
section 43, pad section 44 and bursﬁ pattern A section
at an intermediate portion of the disk 1 (at a
position 22.21 mm from the center). Further, FIG. 6C
shows an enlarged waveform diagram showing the latter
20 half of the track address code section 43, pad section
44 and burst pattern A section at an inner peripheral
portion of the disk 1 (at a position 15.8 mm from the
center). In the embodiment above, since the magnetic
pole thickness Gt of the write head (single magnetic
25 pole type head) 30 is about 0.3 um, it is seen from
the relation (1) that an incompletely erased portion

(foot stamped portion) occurs at the time Tg of 23 ns,



read head conprised of a GVR FI G 6A shows an 10 enl arged wavef orm di agram
of the latter half of the track address code section 43, pad section 44
and burst pattern A section at an outer peripheral portion of the disk 1
(at a position 28.9 mmfromthe center). Simlarly, FIG 6B shows an

enl arged waveform di agram 15 showing the latter half of the track address
code section 43, pad section 44 and burit6 pattern A section at an
internediate portion of the disk 1 (af a~°position 22.21 nmfromthe
center). Further, FIG 6C shows an enl arged waveform di agram show ng the
latter 20 half of the track address code sectjon 43, pad section 44 and
burst pattern 38 Jeoti%h - anf WRHRET pef i PRer BRe ESF‘["POaaGF te disk 1 (at a
position 15.8 mmfromthe , center). l? i e egﬁodi nment above,, since the
magnetic pol €IRTIGRAT GNOFEYRES WPt t 2haald ¢si ﬁ@Femﬁ’ﬁQﬁgtch 25 pol e type

neat) 0,05, UM% STt 42:3500 Lho he ghatl oD A
of 23,1 10 0000t e A0S e SbUBE LU SENo fate T 1ocorded at
Cranst P i nt or VS HE et REIRGE 28 Bh Rart 1R P Che burst pattern A
I's erased tolﬁJ&hé?%fﬁ%i&ﬁ 5@%@§6nt8? pHLehuPekRi PRk ak-nPar LisoRrased
to the extent of 50% at the outer peripheral.portion,
to the extent of 90% at the intermediate portion and
to the extent of 100% at the inner peripheral portion.
10 (Timing Control of Servo Gate)
An explanation will be made below about
reproduciﬁg the burst patterns A to D in particular on
the disk 1 with the Servo data recérded thereon by the
servo write step of the present embodiment and on a
15 disk drive having the single magnetic pole type head
as the write head.
Here, it is supposed that the magnetic pole
thickness Gt of the single magnetic pole type head 30
is about 0.3 um and the magnetization inversion
20 number of the respective burst patterns A to D
corresponds to nine bits. In this case, the timing
taking time Ts of the servo gate SG which is generated
to obtain a position error signal from the respective
burst patterns A to D is determined by the following
25 relation (2):
Ts < Tb - (2 X AT + Tg) = (2)

where Tb denotes the servo data existing time and AT



to the extent of 90% at the internediate portion and to the extent of 100%
at the inner peripheral portion. 10 (Timng Control of Servo Gate) An
explanation will be made bel ow about reproducing the burst patterns Ato D
in particular on the disk 1 wth the servo data recorded thereon by the
servo wite step of the present enbodi nent and on a 15 di sk drive having
the single nagnetic pole type head as the wite head. Here, it is supposed
that the magnetic pole thickness &G of the Si ngl e magnetic pole type head
30 is about 0.3 gmand the magnetization inversion 20 nunber of the
respective burst patterns Ato D corresponds to nine bits. In this case,
the tinming takiengatiakion viriakliarrod gaﬁedS@kV\ﬁi-ch is generated to
obtain a position error signal fromthe respective _hurst patterns Ato D
is determned by tH&L§RI To%i REPrO5eRElREI GRS SYaTHs teMpp OF The AT + Tg)

(2) where Tb denotes the servo data exist] Bg ti ge and A}bﬂ the rotation
variation of tHedEKakingtHHeslsept 88ehfPn§ Ehé&18Far £°8 Mo SEHE

timng taking time Ts, Tse the end _tine bs,the, servo data _existing start
time and The tdFEFS&X0°HHRA %t%’i{lsﬁﬂ‘a éﬂg ?Pﬁe}e‘htehgefrglol g\i:\ln%r?g rel ations

(3) and5(4) ‘E§i§§§§%ﬂé§§egime, the following relations (3) and (4)

are established:
Tss 2 Tbs - (AT + Tq) = (3)
Tse = Tbe - AT - (4)
In the practical disk drive, the gate way 35
10 shown in FIG. 3 outputs a servo gate SG signal which
satisfies the relations (2) to (4) as a timing taking
signal to the read/write channel 34. By doing so, the
read/write channel 34 can positively reproduce burst
patterns A to D having an incompletely erased portion
15 as set out above. FIG. 5 shows practical timing
" control by those servo gates SG (A), SG (B) necessary
to reproduce burst patterns A, B based on the
relations (2) to (4).
According to the disk drive of the present
20 embodiment, as set out above, even if any erase
portion is left on the servo data of the disk 1 due to
the foot stamping effect, it is possible to positively
reproduce burst patterns A to D in particular by
controlling the timing of the servo gate SG so as to
25 satisfy the above-mentioned relations (2) to (4). As
a result, positive servo control can be realized in

the disk drive of a practical perpendicular magnetic



Tss Ths - ( AT + Tg) (3) Tse The - T. "' (4) In the practical disk drive,
the gate way 35 10 shown in FIG 3 outputs a servo gate SG signal which
satisfies the relations (2) to (4) as a timng taking signal to the

read/ wite channel 34. By doing so, the read/wite channel 34 can
positively reproduce burst patterns Ato D having an inconpletely erased
portion 15 as set out above. FIG 5 shows practical timng control by

t hose servo gates SG (A), SG (B) necessary$ to reproduce burst patterns A
B based on the relations (2) to (4). According to the disk drive of the
present 20 enbodi nent, as set out above, even if any erase portionis

| eft on the serewoxkdimg ofyshemdvikhouduéowertihg tbet posampiomgref fect, it is
possible to positively reproduce burst patterns Ato D in particular by
control ling tHceymaey of the Bepdeo gate SG so as to 25 satisfy the
above-nentioned relations (2) to (4). As a result, positive servo control
can be realized in (YaBi&P8k drive of a practical perpendicul ar nagnetic 18

recordi ng system w t hout | owering, the positionin accuracy of the head.
(Variant) A variant B#Ttf#BCaBév hﬁeﬁPPSﬁé@e@ﬁBG%@ﬁeﬁF&ﬁgUéﬁﬁVises
previou%ly adQLQ%;?fggg g?égigggigsggggkggservo data correspohding
to that which is erased due to the foot stamping
effect produced by the single magnetic pole type head
30. That is, an amount of servo data corresponding to
that erased within a time Tg is added by initially
10 increasing the servo data existing time Tb. Here,
with Tbn representing a newly set servo data existing
time, the following relation (5) is established:
Tbn 2 Tb + Tg - (5)
Further, with N representing a bit amount of the
15 portion of the adding servo data, Tb the magnetization
inversion time corresponding to the bit amount, and Tg
the time corresponding to a fange in which the portion
of the servo data is not recorded, the bit amount N
can be calculated from the following relation (6):
20 N 2 Integér (Tg/Tb) + 1 o (6)
where Integer denotes an integral number.
According to the variant, the servo data erased
due to the foot stamping effect is initially predicted
and the corresponding servo data is added at the servo
25 write step. By doing so it is possible to restore the
erased servo data. Even in this case, the servo

system of the disk drive, when performing servo



to that which is erased due to the foot stanping effect produced by the
single magnetic pole type head 30. That is, an anmount of servo data
corresponding to that erased within a time Tg is added by initially 10

i ncreasing the servo data existing time Th. Here, wth Thn representing a
new y set servo data existing tine, the following relation (5) is
established: Tbn ? Tb + Tg (5) Further, with N representing a bit anount
of the 15 portion of the adding servo dafa, ~Tb the magneti zati on

inversion time corresponding to the bit amount, and Tg the tine
corresponding to a range in which the portion of the servo data is not -
recor ded, the cloint redpurmteads dam BrRr far® U ae cbimi e ERRTEBEI 8% ABSrel ati on
(6): 20 N _>> Integer (Tg/Th) + 1 (6) where Integer denotes an i ntegral
number.  Accos@invg 1R teheS v aT it , 53 kS 5¥r Vot dAPAverASRHICAGE to the foot
stanping effect is initially predicted and the corresponding servo data is
added at the §@ﬂ@§¥2?%wﬁ%ka%ﬁebq)8y doing so it is possible to restore the

erased servo data. Even in this_case, tge servg system of the disk drive,
when perform ng ser (BAMENt2nt bl CPREUROES 5B orm t he timing control of

vanhuo Jate 20 £ 4028l 80 heng ey e HELhBIEInehiBhLgns (2) to (4).

embodiment and variant, it is not necessary to develop
a perpendicular magnetic recording head for servo
writing only which records.the servo data at the servo
write step and it is possible to realize the servo

10 write operation by the write head constituting the
singie magnetic pole type head mounted on the disk
drive. That is, it is possible to take into
consideration the erase portion (time Tg) of the servo
data, at the time of servo writing, resulting from the

15 foot stamping effect dependent upon the magnetic pole
thickness Gt of the single magnetic pole type head.
For a disk drive with a servo data-recorded disk
placed thereon it is possible to effect the timing
control of the servo gate with consideration given to

20 the erase portion of the servo data or to, by the
addition of servo data corresponding to the erase
servo data, avoid a lowering in quality of the servo
data obtained under servo control. It is, therefore,
possible to promote the practical use of a disk drive

25 of a perpendicular magnetic recording system using a
single magnetic pole type head as a write head and a

disk of a double-layered structure.



5 1In short, according to the above-nentioned enbodinent and variant, it is
not necessary to devel op a perpendicul ar nagnetic recording head for servo
writing only which records the servo data at the servo wite step and it
is possible to realize the servo 10 wite operation by the wite head
constituting the single nagnetic pole type head nounted on the disk

drive. That is, it is possible to take into consideration the erase
portion (time Tg) of the servo dat a, ~"at 2Phe~tine of servo writing,
resulting fromthe 15 foot stanping effect dependent upon the nagnetic pole
t hi ckness & of the single magnetic pole type head. For a disk drive with
a servo data-recor dod eikkr whbeded iRetbBBNIPECKEipdsopPsIrationetivedtet he
timng control of the servo gate with consideration given to _20 the erase
portion of theigerle rpanretrc tRP1ldytyRe haadr t FBRTEF 086§ datfgot
corresponding to the erase servo data, avoid a lowering . in quality of the
servo data oBttABRINURRIt LR vOIREHTPLELE| ErRES PHéFéPgﬁe}n FodéiBfe to
pronote the practical use of a gﬁSk drive, 25 oE a Eer endicul%%Fnagnetic
recording systERIRIRPAE S Yl P FeBRetrEifoPB By b 1ﬁ§§8555 a’Wite head
and a gisk of a doubl e-1ayered Strﬁ% ure, - 20 e oﬁh%r words, in the
recor di Rg operdgt§ 6 ByE1 He'C sTRGY @ éﬁe%FcpSSPS ty581R&ad, there occurs a

foot  stamping portion (i N¢orPLEL§-§" 87CcRATELRNL LBed, M portion
of the servo data is not recorded in a range
corresponding to the magnetic pole thickness. By the
servo write method taking into consideration
10 the magnetic pole thickness of the single magnetic
pole type head it is possible to realize a servo write
step capable of putting the perpendicular magnetic
recording system to practical use.
Further, according to the present embodiment, it
15 is possible to, by the servo write method of.the
perpendicular magnetic recording system, provide a
diék of a double-layered structure with servo data
initially recorded thereon and a disk drive having a
single magnetic pole type head és a write head. Since
20 the disk drive erases the portion of the servo data in
a range corresponding to a foot stamping portion it
has the function of controlling the timing of the
servo gate.
According to the present embodiment, as set out
25 in more detail above, the servo write step for writing
servo data on a disk of a double-layered structure is

practically feasible using, in particular, a single



corresponding to the magnetic pole thickness. Wen, 5 therefore, the servo
data is perpendicular nmagnetization recorded on the servo area, the
portion of the servo data is not recorded in a range corresponding to the
magneti c pole thickness. By the servo wite nethod taking into
consideration 10 the magnetic pole thickness of the single magnetic pole
type head it is possible to realize a seé¥o wite step capable of putting
t he perpendi cul ar magnetic recording systemto practical use. Further,
according to the present enbodinment, it 15 is possible to, by the servo
wite nmethod of the perpendicular magnetic recording system provide a

di sk of a doumagdeﬂﬁﬂwnpkﬁrﬁMﬂQuQ?@ﬁt%ﬂs%r@bsﬁaﬁélvﬁnp¥iélIy recor ded

t hereon and a disk drive having a . single nagnetic gole %¥pﬁ head as a
wite head. SPREPEIG i afi NEHGHES eF2SREI RS PEPEFTN of Yt HBLBEr 98/ data in
a range corresponding to a foot stsgfing portion i% dhai t.he function of
control ing thé tisniBRF B ke C sef30t Hate. PALCor GRhgdt 55t RE*§Pe8ént

enbodi ment, as set out 25 in nore, detail ﬁbove gggmservo wite step for
witing servedREGTH A B Aotbritayer 8455t Pacture is practical ly
feasible using, in particular, a single 21 nagnetic pole type head in a

di sk drive of a perpendicular nmagnetic recording system By doing so,



it is possible to realize a practical disk drive of a perpendicular
magneti c recording system 22 - WHAT IS CLAIMED IS: 1. A servo wite nethod
applied to a magnetic di sk apparatus of a perpendicul ar magnetic recordi ng
systemusing a single magnetic pole type head as a 5 wite head relative to
a doubl e-l ayered disk as a data recording nedium the nethod conprising
the steps of: position-controlling the 82ngle nagnetic pole type head on
an area set as a servo area on the disk; and 10 effecting perpendicul ar
magneti zation recording of servo data on the servo area under a recording
magnetic field generated from twizsi Mg ecnreaMEd irspole type head in :
accordance with the magnetic pole thickness of the single magnetic pole
type head. 15 2. A het hbdsacvordringet methatdnepplukdr €éona wahgnettile servo
data is perpendicul ar magneti zation recorded on the servo area, the
portion of theliseh\appatatis ohot perpedddcihan maggetéer respoddingg to the
magnetic pole thickness of the single magnetic pole type head. 20 3. A

met hod accor diFKsEen ciaimg 12 g be nmageet pesPelent¥pat E@ﬁdi gspérfornmed by
a servo track witer. 4. A nethod according to claim1l, wherein, when the
servo data is w%ﬁb@wa@l%gﬁ%tt@a@i%ubg@o%aéareandtlﬁé 36r¢odatea, the

portion of the servo data is o
recording medium, the method comprising the steps of:

position-controlling the single magnetic pole
type head on an area set as a servo area on the disk;
and

10 effecting perpendicular magnetization recording
of servo data on the servo area under a recording
magnetic field génerated from the single magnetic pole
type head in accordance with the magnetic pole
thickness of the single magnetic pole type head.

15 2. A method according to claim 1, wherein, when
the servo data is perpendicular magnetization recorded
on the sérvo area, the portion of the servo data is
not recorded in a.range corresponding to the magnetic
pole thickness of the single magnetic pole type head.

20 3. A method according to ciaim 1, wherein the
position control is performed by a servo track writer.

4. A method according to claim 1, wherein, when
the servo data is perpendicular magnetization recorded
on the servo area, the portion of the servo data is

25 erased only in a range corresponding to the magnetic
pole thickness of the single magnetic pole type head.

5. A method according to claim 1, wherein, when



25 erased only in a range corresponding to the magnetic pole thickness of
the single nagnetic pole type head. 5. A nethod according to claiml,
wherein, when 23 the servo data is perpendi cul ar nmagnetization recorded

on the servo area, an erase area identifiable as an erasing portion of the
servo data corresponding to the nmagnetic pole thickness of the single
magnetic pole 5 type head is left as a f@dt stanping portion of the
magneti c pole on the disk. 6. A nmethod according to claim1, wherein the
portion of the servo data is not recorded in a range corresponding to a
time Tg and t hehd iy dama bes 1fe cpdcdl at bar byaghetiebatibanrktgrde@ / Vel
where G denotes the magnetic pole thickness of the single magnetic pole
type head and ore tthe pervphered, speedrase dheadident¥fiAbiet hedaaccordi ng
to claim1, wherein, when 15 the servo data is perpendicul ar nmagneti zation
recorded, the gorsimn pFrthen sef voheasarviot dabaordedespandingnge the
corresponding to the magnetic pole thickness of the single magnetic pole
type head is MREWUSIFokeIderchoess af nkhfodingeésr BrageEdccPalm 7,
wherein, with N representing a bit anount corresponding to the adding
portionof the¥Re ViedfhitsS IHLE hes ndghe?t zat#BR1INENREFELBR PLnthe

corresponding to the bit ambunt, and. T
P gn@gnetic pole on the glsg.

6. A method according to claim 1, wherein the
portion of the servo data is not recorded in a range
corresponding to a time Tg and the time Tg can be

10 calculated by the relation ITg = Gt/Ve] where Gt
denotes the magnetic pole thickness of the single
magnetic pole type head and Ve the peripheral speed of
the disk.’ |

7. A method according to claim 1, wherein, when

15 the servo data is perpendicular magnetization
recorded, the portion of the servo data not recorded
in a range corresponding to the magnetic pole
thickness of the single magnetic pole type head is
previously added.

20 8. A method according to claim 7, wherein, with
N representing a bit amount corresponding to the
adding portion of the servo data, Tb the magnetization
inversion time corresponding to the bit amount, and Tg
the time corresponding to a range over which the

25 portion of the servo data is not recorded, the bit
amount can be calculated by the relation IN = Integer

(Tg/Tb)+1] where Integer denotes an integral number.]



the time corresponding to a range over which the 25 portion of the servo
data is not recorded, the bit anount can be calculated by the relation IN
> Integer (Tg/Th)+1J where Integer denotes an integral number.] - 24 - 9.
A disk drive conprising: a disk of a two-layered structure conprised of a
data recordi ng nedi um of a perpendi cul ar magnetic recording system 5 a
magneti c head conprising a single magretd pele type head as a wite head
and a read head; and a servo controller configured to effect reproduction
by readi ng servo data by the read head, the servo data being recorded by
the single magnetico. 10apaliektdypevbeadmprisenhy@ areas set on a disk in
accordance with the magnetic pole thickness of the single nmagnetic pole
type head. 10. A diskdilskvefaecowdihgytoedl aitmu@tuwkecempr itskel o a0
controller has the function of erasing, from 15 a reproduction process,
the portion ofdate secoodidagancdfum olngepeoperdpondamgrmiagnetié cragneti c
pol e thickness of the single magnetic pole type head. 11. A disk drive
according to cte¢erdDngwheseem; the portion of the servo data constitutes a
foot 20 stanping portion corresponding to the magnetic pole thickness of
the singl e magnetic2pdpeneype head GRAAPALSHBENS PNFAEVIM@SFOMICCROLEs t he
function of erasingh ,
type "head as a write head and a read head; and
a servo controller configured to effect
reproduction by reading servo data by the read head,
the servo data being recorded by the single magnetic
10 pole type head on servo areas set on a disk in
accordance with the magnetic pole thickness of the
single magnetic pole type head.
10. A disk drive_according to claim 9, wherein
the servo contrdller has the function of erasing, from
15 a reproduction process, the portion of the servo data
of a range corresponding to the magnetic pole
thickness of the single magnetic pole type head.
11. A disk drive according to claim 10, wherein
the portion of the servo data constitutes a foot
20 stamping portion corresponding to the magnetic pole
thickness of the single magnetic pole type head and a
means is provided which, as the function of erasing
the foot stamping portion from the reproduction
process, controls the timing of a servo gate necessary
25 to the reproduction of the servo data.

12. A disk drive according to claim 9, wherein

with Tb representing a servo data existing time, AT



t he foot stanping portion fromthe reproduction process, controls the
timng of a servo gate necessary 25 to the reproduction of the servo data.
12. A disk drive according to claim9, wherein wth Th representing a
servo data existing time, AT 25 the suppression tine of a rotation
variation of the disk, and Tg the tine of a range corresponding to the
magneti c pol e thickness of the single-nagheti-c pole type head, the servo
controller has a timng 5 generation circuit configured to calculate a
timng taking tine Ts by the relation [Ts < Tb - (2 X AT + Tg)j, the tine
Ts bei ng used titee chigpreseron bitstof dat acogenesat edrabtaohni B€ ahet he
positioning control of the nagnetic head. 10 13. A disk drive according to
cl ai m 9 whereidiskwarnd Ths tepreseatofigat hengéacvrrespopding bbb ahservo
data existing tinme, The the end tine point of the servo data existing
tinme, AT the Sugprasist aprlé nehbéknegssovhtiben vangiei oagoktihepdilsk, and
Tg.the tinme of a 15 range corresponding to the nagnetic pole thickness of

t he single nmadrits hgtie typestene, conerebt9d hesndrbiMénpdhas a timng
generation circuit configured to calculate a timng_start tinme point Tss
for obtoai ni n@gaRF ek Chrelbhdcaniiairgdehd ERAEUPBERL 2201MEBIWI th t he

use of the relation I Tss Tbs - (AT + Tg%l ang a relation rTse The - QOTj.
taking time Ts by the relation [Ts = Tb - (2 X AT +

Tg)l, the time Ts being used to obtain servo burst
data generated at a time of the positioning control of
the magnetic head.

10 13. A disk drive according to claim 9 wherein,
with Tbs representing the start time point of a servo
data existing time, Tbe the end time point of the
servo data existing time, AT the suppression time of
a rotation variation of the disk, and Tg the time of a

15 range corresponding to the magnetic pole thickness of
the single magnetic pole type head, the servo
controller has a timing generation circuit configured
to calculate a timing start time point Tss for
obtaining the servo data and a timing end time point

20 Tse with the use of the relation [Tss = Tbs - (AT +

Tg)) and a relation [Tse £ Tbe - ATJ.



