1. 8 MAR 2005 *166166 TI TLE OF THE | NVENTI ON SERVO DATA CCDED RECORDI N

SYSTEM FOR DI SK DRI VE BACKGROUND OF THE | NVENTION 1. Field of thk8 MAR 2005
I nvention 5 The present invention generally relates to a disk drive of a
per pendi cul ar magnetic recording system and particularly to a servo data

coded recording system 2. Description of the Related Art Inr

in the field of Qisk drives 10 represented by a hard disk ermmmmmmmﬂmwmu
li ke, a perpendicular magnetic recording nethod is noted. This

enabl es an increase in the density of recording as conpared with the

conventional | ongitudi nal rragneﬁ.lclf%ocgbsofﬁ Ny PesN 15 I1n the

| ongi tudi nal nmagnetic recordln shown 1n FIG 16A, in the case

where data (b'%lf:ﬁ% 8 s éBbEbSRﬁééﬁbgﬁé g9sthe @akaptsaCPRIGR on the disk,

a nmagnetized ea (sho y an arrow 162) corresponding to the data is

formed in a | ongitudinal diregckeRodRpl O3 MesP T
: _ _ ENTIoN t he rotation
direction 161) of the disk. FIG 16Bis a view show ng a read signal

maveforn1read W th q_he@qeﬁgag@egh@ heaehtibn the disk drive in which the
per pendi cul ar magnetic recording nmethod is adopted, the read signal 25
read frogn the disk irpel pdesehewihveatdrey georuaidyt selates to a disk
drive of a perpendicular magnetic recording system, and
particularly to a servo data coded recording system.
2. Description of the Related Art
In recent years, in the field of disk drives
10 represented by a hard disk drive or the like, a
perpendicular magnetic recording method is noted. This
method enables an increase in the density of recording
as compared with the conventional longitudinal magnetic
recording method.
15 In the longitudinal magnetic recording method, as
shown in FIG. 16A, in the case where data (bit "0" or
"1") is recorded on the data track 160 on the disk, a
magnetized area (shown by an arrow 162) corresponding
to the data is formed in a longitudinal direction
20 (corresponding to the rotation direction 161) of the
disk. FIG. 16B is a view showing a read signal
waveform read with a head (magnetic head) .
In the disk drive in which the perpendicular
magnetic recording method is adopted, the read signal
25 read from the disk includes low frequency components
(DC components). Consequently, the read signai is

liable to be affected by the cut-off low frequency

RIRR R

*G00002*




(DC conponents). Consequently, the read signal is Iliable to bq ?ﬁh@cgﬁf by
the cut-off |ow frequency *@G0002* 18 MAR 2005 - 2 characteristic o he
read/ wite channel, so that a waveformdistortion tends to be easily
generated in the read signal waveform Consequently, at the tinme of the
processi ng of the PRML nethod signal processing in the 5 read/wite
channel, error data is detected so that- there is a possibility that the
read error rate is heightened. Conventionally, there is proposed a

techni que for preventing a decoding error on the receiving side at the

time of transmfLi 't%q:qesdcidcatc%agtgln% r}gu%djmgg rQEin el F 648 84105 (see, for

exanpl e, Japanesé Unexam ned ication No. 5-4866). However, it

is hard to apply iR st it idh o PP Ui Ldd Ay panetd ed egorehiag
net hod disk drive as It i%. 1§'Furthernnre, inttme%isk drive, the read

signal incl ud%éopw&rmuwmw.o s dpositief, it hehe ef b vef yeie gh
frequency user data. nsequently, the read signal corresponding to the

servo data hasprvcedigitg oBuHOrFRMIMImdtHad | $ sl tprdeesd fregtid thye t he 20
i nfluence of the cut-off |ow frequency characteristic of the read/wite
channel . s\When tdead/Aad s rattanredle, drrdhedsss vis digtectsedesghtionted, t he
possibility becones higher that the decoded data of the servo address
i ncl udes error theme iS recepes sdvil tyldriests e usead i erpsr thateieb®l position
control, the generation of the servo address 2 will lead to a reduction in
the precision dfeighteeradd poeivénniong thnt ridrere hsd PEOPPRRE R nance of
technique for preventing a decoding error on the
receiving side at the time of transmitting coded data
10 including direct current error (see, fof example,
Japanese Unexamined Patent Publication No. 5-4866).
However, it is hard to apply the prior art to the
perpendicular magnetic recording method disk drive as
it is.
15 Furthermore, in the disk drive, the read signal
includes low-frequency servo data together with
relatively high frequency user data. Consequently, the
read signal corresponding to the servo data has a
signal waveform which is liable to be affected by the
20 influence of the cut-off low frequency characteristic
of the read/write channel. When the read error rate of
the servo data is heightened, the possibility becémes
higher that the decoded data of the servo address
includes error data. Since a servo address is used in
25 the head position control, the generation of the servo

address 2 will lead to a reduction in the precision of

the head positioning control (that is, performance of



18 MAR 2005 - 3 the servo system. As a consequence, in the perpendicul ar
magneti c recordi ng system the reduction in the performnce of t A& MBR\2505
syst em beconmes one problem which hinders the practical use of the servo 5
system BRI EF SUMVARY OF THE | NVENTI ON An object of the present invention
is to realize an inprovenent in the performance of a servo system by
inproving a read error of servo data under3the 10 influence of the cut-off
| ow frequency characteristic of the read/wite channel in the disk drive
of the perpendicular magnetic recording nethod thereby pronoting the

realization Of'fhgi§@i5§i%§%§?m}he ade ngg%g#%@ﬁcgggggtkﬁerecording

nmet hod. 15 I n summary, characterrs 0 e present 1nvention is

concerned with O%ell%éﬁgé&y& PR ﬁ%gc%é@oréiﬁﬁ[]é’?sﬁiéﬁl?‘ erdedeageLi ghng

system for enc servo data to record e data on the disk so that

the direct cur{f@nth&osPPPSAhakOE bhechoVséreguspsyerOpeespeseshy can be
suppressed fromthe read signal waveformin the disk drive of the

per pendi cul ar FRQHEsHh Cwl EERT HiNge Bt tiRd. popeeitatalby, othehdi skrdbi ve of
the present invention has a perpendicul ar nagnetic recording system 25
and a seryo aresy®tenhi ch servo data for use in head position control is
recorded, the servo area being provided wth a disk nmediumon which the
servo data is BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to realize
an improvement in the performance of a servo system by
improving a read error of servo data under the
10 influence of the cut-off low frequency characteristic
of the read/write channel in the disk drive of the
perpendicular magnetic recording method thereby
promoting the realization of a disk drive of the
perpendicular'magnetic recording method.
15 In summary, the characteristic of the present
invention is concerned with a disk drive provided with
a servo data coded recording system for encoding the
servo data to record the data on the disk so that the
direct current component (or the low frequency
20 component) can be suppressed from the read signal
waveform in the disk drive of the perpendicular
magnetic recording method.
Specifically, the disk drive of the present
invention has a perpendicular magnetic recording system,
25 and a servo area on which servo data for use in head

position control is recorded, the servo area being

provided with a disk medium on which the servo data is



18 MAR 2005 4 recorded which is coded with a DC-free code. Such disk drl%F
has a cut-off | ow frequency characteristic, because a read/wite driaNAR| 200
applied to the perpendi cul ar magnetic recordlng systemincludes a 5
differential circuit. In the disk drive of the present invention, the servo
data recorded on the disk is coded with the DC-free code in which the
direct current (DC) conponent is suppressed. -Consequently, in the case
where signal is processed with the read/wite channel 10 because the DC
conponent is suppressed in the read signal waveformread with the head,

t he generation QEcoEB@dWQMQEﬁrE%db%B% tbgghlg EQQf&%%Qc%d%”al maveforn1|s

suppressed. As a consequence, in th ecodi ng processing in the read/wite

channel, the read ergQich ggsmaggr@é1Hy%1glgﬁgﬁbfkﬂggﬂtﬁ&édygﬁgyvo data can
be |owered. For the reasons described above, in the disk drive according

to the present tRYgAtEeRis®AcSr betaude ddedad/wrike %%ra‘f@leqata@)é)(lll@d to
particul ar, servo address) read 20 fromthe servo area on the sk can be

decreased, so that pelrpepddeiudiaen magniltd cc @Ricoaldiely e tkand ndqlesids @ni ng
can be inproved. Therefore, as a consequence, the performance of the servo
system cah be idpfdeedntieldeby realiitng iTh pbesidilsk tdriweorift ¢ hich@redznt
realization of a disk drive of the perpendicular magnetic recording
system Additi ohaveobjieot s tard sedvantages refcorked wrerthiconlisk is coded
with the DC-free code in which the direct current (DC)
component is suppressed. Consequently, in the case
where signal is processed with the read/write channel
10 because the DC component is suppressed in the read
signal waveform read with the head, the generation of
the waveform distortion in the read signal waveform is
suppressed. As a consequence, in the decoding
processing in the read/write channel, the read error
15 rate at the time of decoding the servo data can be
lowered.

For the reasons described above, in the disk drive
according to the present invention, an error included
in the servo data (in particular, 'servo address) read

20 from the servo area on the disk can be decreased, so
that the precision of the control of the head
positioning can be improved. Therefore, as a
consequence, the performance of the servo system can be
improved thereby making it possible to promote the

25 realization of a disk drive of the perpendicular

magnetic recording system.

Additional objects and advantages of the invention



18 MAR 2005 - 5 wll be set forth in the description which follows, and

in part will be obvious fromthe description, or may be |earned ﬁNé MAR 2005
practice of the invention. The objects and advantages of the invention may
be realized and 5 obtai ned by neans of the instrunentalities and

conbi nations particularly pointed out hereinafter. BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NG The aceconpanyd ng drawi ngs, which are
incorporated in and constitute a part of the specification, 10 illustrate
presently enbodi nents of the invention, and together with the general

description gi v, gbgyesapdeolph 95! 2hbefdBsaptRbhoRnOLN! 818BRA! HRDt S

gl ven bel ow, serve 1o exp aln e principle e I nvention is a

bl ock d'agra”‘S?H“%ﬁgtawlf§58@tbﬁbloﬁg EQB&'Qﬂeoﬁeéc@héklgh'V%raﬁSQrgbng to

an enbodi ment o e present invention are views for

expl aining a sef¥Qrndat ByspiHetiee d¢cehdi Ravkattiba.empadi BBAkctE! @Rd 3A to
3D are views for explaining a first 20 servo data encodi ng net hod

according to thgdeahedyeBnbs tEle&SnvéAttl@nwagr Bevirewd ishawand a variation
of the first servo data encodi ng nethod according to the enbodinent. FIGS.

5A to 5D gre vi epeashedi by mecuasi afi eheofins2rulkathilistieseawnd data encodi ng
nmet hod according to the enbodinent. FIGS. 6A to 6E are views showi ng a
process of combinations particularly pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

10 illustrate presently embodiments of the invention, and
together with the general description given above and
the detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a block diagram showing an essential

15 portion of a disk drive according to an embodiment of
the present invention.

FIGS. 2A and 2B are views for explaining a servo
data structure according to the embodiment.
FIGS. 3A to 3D are views for explaining a first

20 servo data encoding method according to the embodiment.

FIGS. 4A to 4D are views showing a variation of
the first servo data encoding method according to.the
embodiment.

FIGS. 5A to 5D are views showing a variation of

25 the first servo data encoding method according to the
embodiment.

FIGS. 6A to 6E are views showing a process of



18 MAR 2005 6 encodi ng/ decodi ng of the servo data according to the

embodi ment. FIGS. 7A to 7F are views showi ng one exanpl e of serid dARa208ind
coded data thereof according to the 5 enbodinent. FIGS. 8A and 8B are views
showi ng one exanple of a read reproduction signal waveform correspondi ng
to the servo data according to the enbodinent. FIGS. 9A and 9B are views
showing a read signal 10 waveformin the gase where the signal is affected
by the low area shield characteristic according to the enbodinent. FIGS.
10A and 10B are views showing a result of a sinulation experinent

associ at ed Wi tfy Lhe, pReAROCSRING o15:A0CQOLD8 BREDOI-AGERS flngo! enthe

enbodi nment . Views showmng a state o sanpl e signal
at the tine of éh55§%mg@toperatlon in the sinulation experinment. FIGS. 12A
and 12B are views owng a state of a 20 sanple signal at the tinme of a

readi ng operation inpt8e. $hmibaliroRrexpeewdeBhowiihg ohd exampleewrshow ng
a read error rate characteristic in the sinulation experinment.
servo data and coded data thereof according to the
5 embodiment.

FIGS. 8A and 8B are views showing one example of a
read reproduction signal waveform corresponding to the
servo data according to the embodiment.

FIGS. 9A and 9B are views showing a read signal

10 waveform in the case where the signal is affected by
the low area shield characteristic according to the
embodiment.

FIGS. 10A and 10B are views showing a result of a
simulation experiment associated with the second servo

15 encoding method according to the embodiment.

FIGS. 11A and 11B are views showing a state of a
sample signal at the time of a reading operation in the
simulation experiment.

FIGS. 12A and 12B are views showing a state of a

20 sample signal at the time of a reading operation in the
simulation experiment.

FIG. 13 is a view showing a read error rate
characteristic in the simulation experiment.

FIG. 14 is a view showing a read error rate in the

25 simulation experiment.
FIGS. 15A.to 15E are views showing the encoding

and decoding process of conventional servo data.



FIG 14 is a view showng a read error rate in the 25 sinulation
experinent. FIGS. 15A to 15E are views show ng the encodi ng anq T @pkmg
process of conventional servo data. 18 MAR 2005 7 FIGS. 16A and é@‘are
views for explaining a conventional |ongitudinal nmagnetic recording

met hod. FIGS. 17A and 17B are views for explaining the conventional

per pendi cul ar magnetic recording nethod- 5 FFGS. 18A to 18F are views
showi ng one exanple of the servo data and the encodi ng data thereof. FIGS.
19A and 19B are views show ng one exanple of a read reproduction signal

wavef orm correspondi pgel o %%eeaﬁﬁéinggE@ b?e&@efBEiQQpﬁéﬁniﬁg 5§ GS. 20A

and 20B are views show ng rea signal waveformin the case where the

signal is aff : I L el t eLhStHERHN rior
art DETAl LED CRUR B R b e R T R Er P b Tk ERedhy To the

drawing, there will ppgsexphai prd emRodi-Bedtawsl rbReeRpeaeRingN¥ARBLI ON.
(Structure of Disk Drive)
conventional perpendicular magnetic recording method.
5 FIGS. 18A to 18F are views showing one example of
the servo data and the encoding data thereof.
FIGS. 19A and 19B are views showing one example of
a read reproduction signal waveform corresponding to
the servo data in the prior art.

10 FIGS. 20A and 20B are views showing the read
signal waveform in the case where the signal is
affected by the low area shield characteristic in the
prior art. |

DETAILED DESCRIPTION OF THE INVENTION

15 Hereinafter, referring to the drawing, there will
be explained embodiments of the present invention.
(Structure of Disk Drive)

With respect to a disk drive according to the
embodiments, a hard disk drive having a perpendicular

20 magnetic recording system is assumed. As shown in
FIG. 1, the disk drive has a drive mechanism comprising
a disk 1 having a magnetic anisotropy in a
perpendicular direction, a spindle motor (SPM) 2 for
rotating the disk 1, and an actuator mounting a head 3

25 for moving the head 3 in a radial direction on the
disk 1.

The actuator comprises an arm 4 (including a



Wth respect to a disk drive according to the enbodinents, a hard disk
drive having a perpendicular 20 magnetic recording systemis assygngzéﬁ
shown in FIG 1, the disk drive has a drive mechanismconprising " a d?s i

havi ng a nagnetic anisotropy in a perpendicular direction,

(SPM 2 for rotating the disk 1, and an actuator

nmoving the head 3 in a radial directiononghe disk 1. The actuator

conprises an arm4 (including a 18 MAR 2005 8 suspension) 4 nounting a

head 2, and a voice coil mtor (VCM 5 for generating a driving force.
act uat or

circuit 10,

driver

ccLust o P bagRghlB,Ted AemhRG Leidls AsLhien, (LA Mgk

the head 3 has Qvéﬁgugtggg
magnet or esi stive type devic

thin film  head)owhi¢BngnaBkencRer
separated to be packaged on a slider. Drive electr

a teadkWw bhetebBagnalk 1lunded TheC QMR |@ntddCold, a notor

€ Servo control m Cl’dpl’ ocessor
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13, a CPU 14, and a nenory 15.
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microprocessor (CPU) 14.

Here, the head 3 has a structure in which the read
head comprising a giant magnetoresistive type device
(GMR device) and a write head (interactive thin film
head) which enables perpendicular magnetic recording
are separated to be packaged on a slider.

Drive electronics have a preamplifier circuit 10,
a read/write channel 11, a disk controller (HDC) 12, a
motor driver 13, a CPU 14, and a memory 15.

The preamplifier circuit 10 has a read amplifier
for amplifying a read signal read with the head 3, and
a light amplifier for converting light data into light
current. The read/write channel 11 conducts PRML
(Partial Response Maximum Likelihood) method signal
processing to decode user data and servo data from the
read signal. Furthermore, the read/write channel 11
conducts, for example, the RLL (run length limited)
encoding processing of the write data (user data). The
HDC 12 constitutes an interface between the drive and
the host system (a personal computer and a digital
device) to conduct a transfer control of read/write
data. |

Here, the read/write channel 11 includes a

e Rk A o S e e nea? (R ve

a spindle notor
nounting a head 3 25 for

The
on

nics have a preanplifier



The preanplifier circuit 10 has a read anplifier 15 for anplifying a read
signal read with the head 3, and a light anplifier for converti Ag IMABH2005
data into light <current. The read/wite channel 11 conducts PRM. (Parti al
Response Maxi num Li kel i hood) method signal processing to decode user data
and servo data fromthe 20 read signal. Furthernore, the read/wite
channel 11 conducts, for exanple, the RLL 6runm length limted) encoding
processing of the wite data (user data). The HDC 12 constitutes an
interface between the drive and the host system (a personal conputer and a
digital 25 devige)t nduct . r n i data. Here,
the read/wite Gcclﬁéafnenrg nc‘%lnadll n%:ll ud’gs@gﬁquﬁRégg%%P%n%??%r n{[:IR%J circuit
110 for di ffefg{}\}éfdﬂxg éﬁ%ha@%@fé&&%ai hee4&agi6hopat head Wi thohhe head

3 from the di 1 to create a differential waveform (corresponding to the

si gnal wavefor myid 46 51 gkt oal dperetéstigtondivagopmt hod). The read
signal waveform according to the enbodi nents has a rectangular

configuration i(@d%i@:r@dmée@é €né r e0gnal Ddveoopanent ther a | ow
frequency conponent). This differentiating circuit 110 corresponds to one
type of 1 hi ghgpegirddin®r it asspetcatraiingi hbthbe) cut Théf reads
frequency characteristic of the read/ wite channel 11. Incidentally, in
the read/ wite sigmaklwddefoire aetardiegrodutheoembodinentédbasdar) for
decoding digital data fromthe differential waveformof the read signal 15
wavef or m adopt sredieasambaci cenfigasat henl bngludingak dingatt Fvrressdr di ng

met hod.

(DC) component (or a low frequency component). This
differentiating circuit 110 corresponds to one type of

10 high path filter (HPF) associated with the cut-off low
frequency characteristic of the read/write channel 11.
Incidentally, in the read/write channel 11, the data
reproduction circuit (decoder) for decoding digital
data from the differential waveform of the read signal

15 waveform adopts the same circuit as the longitudinal
magnetic recording method.

The CPU 14 is a main controller of a drive. The

CPU 14 is a main element of a servo system for
conducting position control of the head 3. The CPU 14

20 conducts the positioﬁ control of the head (a seek
operation and a track following operation) in
accordance with servo data read from the read/write
channel 11. Specifically, the CPU 14 controls the VCM
5 of the actuator by controlling the input value

25 (control voltage value) of the VCM driver 13A. The
memory 15 includes a RAM, a ROM, and a flash EEPROM and

stores the control program of the CPU 14 and various



The CPU 14 is a main controller of a drive. The CPU 14 is a main el enent
of a servo systemfor conducting position control of the head 34 gTlhgr O
14 20 conducts the position control of the head (a seek operation and a
track follow ng operation) in accordance with servo data read fromthe
read/ wite channel 11. Specifically, the CPU 14 controls the VCM 5 of the
actuator by controlling the input value 2%0(centrol voltage value) of the
VCM driver 13A. The nenory 15 includes a RAM a ROM and a flash EEPROM
and stores the control programof the CPU 14 and various 16 MAR 2005 - 10

cont ol dat a. Tag FR0fU Verlerias AN S A3 6la 1P daf dliipn0 2

spi ndl e not or togefher W t the driver 13A. (Disk Structure) 5
Adisklis rouapedoal o2 ibigly SPepdntile! dtor SEmdll & Miquerkaluidle {1

of the operation of the read/wite operation the data. On the disk 1, a

servo area 100§h§ RV @8 efor 3mecordi ng servo data wi th a dedicated
device referred to as a servo track 10 witer at the tine of manufacture

(shown in FIG (PAkk s@ruldteréd)sk 1, a large nunmber of tracks 101 including
the servo area 100 are concentrically constituted. The servo area 100 is

arrangedsi n a predeterdiigied iiH efotalted natn peiighespéediwechitme Bet ween
servo areas 100 of 15 each track 101, a plurality of data sectors are
constituted. | spdacheoinative Lerat tHreasindRQf ashesmperation of the
read/write operation of the data. On the disk 1, a
servo area 100 is provided for recording servo data
with a dedicated device referred to as a servo track
10 writer at the time of manufacture (shown in FIG. 2A).
On the disk 1, a large number of tracks 101 including
the servo area 100 are concentrically constituted. The
servo area 100 is arranged in a predetermined interval
in a peripheral direction. Between servo areas 100 of
15 each track 101, a plurality of data sectors are
constituted.
In each of the servo areas 100, as shown in
FIG. 2B, a servo address 20 comprising a track address
(a cylinder number) and a servo sector number, and
20 servo data including servo burst data 21, a preamble 22,
a sync mark 23 and postamble 24 are recorded. The
servo address 20 is data for differentiating servé
tracks and servo sectors. The servo burst data 21 is a
position error signal used in the track following
25 operation for positioning the head 3 to the range
(actually, on the center liné TC of the track) within

the data track (track width TW). The unit of the servo



FlG 2B, a servo address 20 conprising a track address (a cylinder nunberg
and a servo sector nunber, and 20 servo data including servo bursth QA8 2%
a preanble 22, a sync mark 23 and postanble 24 are recorded. The servo
address 20 is data for differentiating servo tracks and servo sectors. The
servo burst data 21 is a position error signal used in the track foll ow ng
25 operation for positioning the head 3 tgithe range (actually, on the
center line TC of the track) within the data track (track width TW. The
unit of the servo 18 MAR 2005 - 11 burst data 21 corresponds to the track

pitch TP of the servo track. (Method for_encodin er Vi t ead

Qperation) In PrE Sﬁerdﬁé'ﬁ‘di%gu Icz%('rrr?é:‘é’r?é’f{sc troecq;g]reditrfg‘a t%lgcac %a'lgP acggsth%oe\?m in
FIG 17A in tger%as%lmhqge data is recorded on a data track 170 on the
di sk (rotation &V Ectit6T *171), a magnetized area (shown by an arrow 172)

is formed in a({\%%é%?q;i&ule%rco@irn td <;abl tAhAIEEed | ratM ddy respect

to the disk sur n the perpendi cul ar magneti c recordi ng net hod, the

signal resolution i%nﬂﬁﬂéﬂésgﬁéhdﬂéﬂ&afﬂﬁbéﬁb@ﬁéeﬁ&@éf@fﬂ@fmétﬁéﬂpaés

anplitude is small even in near recoiling density, so that a high
surface recor digpgh HENS I Fan e irPalHL hsd wHEWEV@ita | s thecorded

per pendi cul ar magnetic recording nethod, as shown in FIG 17B, the read
signal wavef or gn reafhtd traxaad has thd efigogut Gt atond | @liredt Don
171), a magnetized area (shown by an arrow 172) is
formed in a perpendicular direction (a depth direction)
with respect to the disk surface. In the perpendicular

10 magnetic recording method, the signal resolution is
relatively high, and an attenuation of a signal
amplitude is small even in a linear recoding density,
so that a high surface recording density can be
realized.

15 However, in the perpendicular magnetic recording
method, aé'shown in FIG. 17B, the read signal waveform_
read with a head has a rectangular configuration
including a direct current (DC) component (a low
frequency component). That is, in the read signal

20 waveform, the amplitude is changed in the magnetized
transfer region, and the read signal waveform is
converted into a rectangular waveform in which the
amplitude corresponds to the magnetizing direction
(172). Consequently, on the disk drive of the

25 perpendicular magnetic recording method, the read/write
channel adopted in the conventional magnetic recording

method cannot be adopted as it is. Then, in the disk



including a direct current (DC) conponent (a |ow frequency conponent).

That is, in the read signal 20 waveform the anplitude is changedl #WrRhZGS
magneti zed transfer region, and the read signal waveformis conver eé i Po
a rectangul ar waveformin which the anplitude corresponds to the
magnetizing direction (172). Consequently, on the disk drive of the 25

per pendi cul ar nmagnetic recordi ng net hod, flRe read/wite channel adopted in
t he conventional nagnetic recording nethod cannot be adopted as it is.
Then, in the disk 18 MAR 2005 - 12 drive of the perpendicul ar magnetic

recording metheds @ greadanrddimrnala Mgl ardbdieirgtietnea cail t i

being investigated. The differential circuit  differentiates the read signal

wavef ormin t heeldyerderdichidnie 1MBGREN G 1 GOrdi e reihiogll sborveuin ifl G
17B to create a differential waveform corresponding to the read signa

wavef ormin thgeinendinvediviajatdid.ectimen disffietént i#L octitogitet hod as  shown
in FIG 16B. As a consequence, as a data 10 reproduction circuit (decoder)
for decodi ng t ke fifeadntdiaged thay eferdngdigriyivare ot im the read/ wite
channel, the sane data reproduction circuit as the |ongitudinal magnetic
recordi ng met hqe npemdieddoprednadare, retondinganefi i@ r eheval ivircui t
functions as 15 a kind of high-pass filter, the read/wite channel has a
cut-of f | ow fr éfisndyl cHar amteartista dififerrmeralwragefo¥Pe read/ wite
channel having a differential circuit conducts signal processing of

renoving a | owdarpEaendindigoridt 193 $12 bR EeERER tRahk%itted from
th
© longitudinal direction magnetic recording method as

shown in FIG. 16B. As a consequence, as a data

10 reproduction circuit (decoder) for decoding the read
signal waveform to digital data in the read/write
channel, the same data reproduction circuit as the
longitudinal magnetic recording method can be adopted.

Here, since the differential circuit functions as

15 a kind of high-pass filter, the read/Qrite channel has
a cut-off low frequency characteristic. In other words,
the read/write channel having a differential circuit
conducts signal processing of removing a low frequency
component from the read signal transmitted from the

20 head. As a consequence, in the disk drive of the
perpendicular magnetic recording method, there is a
high possibility that a distortion is generated in the
read signal waveform including a low frequency
component shown in FIG. 17B under the influence of the

25 cut-off low frequency characteristic of the read/write
channel. In the read/write signal.waveform having such

a waveform distortion, a decoding error rate (a read




20 head. As a consequence, in the disk drive of the perpendiculaf nﬁg?etic
recording nethod, there is a high possibility that a distortion Q 2005
.generated in the read signal waveformincluding a | ow frequency conponent
shown in FIG 17B under the influence of the 25 cut-off |ow frequency
characteristic of the read/wite <channel. In the read/wite signa
wavef orm havi ng such a waveformdistorti Qs & decoding error rate (a read
18 MAR 2005 - 13 error rate) beconmes high when data is decoded. In the

di sk drive, except for the data track which is a user data recording area,

there is provided § SEIKO AUGHAN ME NS Va2t es | degsguded [ n advance.

5 The servo dat s dsed 'f or positi controlling the ead to the target

position (target tragk)e @ 46 Uslve, T8ECSSE VooHat Rel B8t HUEEaBK! ALK
address (which is referred to as a.?rack ﬁﬁﬁber or a cylinder code) and a

servo sector addy essdé P SQGRAiny desa, tdRetlr s npfbeidedihe track
address and the servo sector address are generally referred to and

descri bed as a ge@fy G slIrds Swhi@nasatty , ddte beryvecdatiedhds advemce.
recordi ng frequency as conpared with the user data. As a consequence, in

t he per pendi culm@ie negnes idatecios dised fdr neddddionheortrslaipgobhem t hat a
read error rate is deteriorated particularly because of a distortion in

t he reproducti daresd gral tvavied myent afod hiel ser (oadgeh, taadk) aopr ebéesddakin t he
head positioning control is reduced. Hereinafter, there will be
specifically eXfiaismEdvo 2ate rioprbeies | ant chak agddressi éwhiieh t8spect to
the servo data recorded on the disk. Here, the servo data includes a
preanbl e data peeferrediito aaposttrtle mamber part er AYSLAER Tt FAAS! hatdefvo
address. Furthernore, it 1is supposed that the servo data is recorded with
NRZI 25 (non rel@FYP LD 33dEe32dia ePRBUP NGCREPROBUIRE) -servo data

0/1) is converted, for exanple, into a. coded dat 0000/ 1010
( ) 10 Hereinafter,nphe track address ang ghg Servo seétor

address are generally referred to and described as a
servo address. Generally, the servo data has a low
recording frequency as compared with the user data. As
a conéequence, in the perpendicular magnetic recording
15 method, there is a problem that a read error rate is
deteriorated particularly because of a distortion in
the reproduction signal waveform of the servo data, and
a precision in the head positioning control is reduced.
Hereinafter, there will be specifically explained
20 a reproduction characteriétic with respect to the servo
data recorded on the disk. Here, the servo data
includes a preamble data pattern and a postamble data
pattern other than the servo address. Furthermore, it
is supposed that the servo data is recorded with NRZI
25 (non return to zero inverted) encoding method. The
servo data (0/1) is converted, for example, into a

coded data (0000/1010).



18 MAR 2005 - 14 FIGS 18A to 18C are views showing servo data before the
encoding. FIG 18Ais a view showing a preanble, FIG 18B is a vi&d MAR 2005
showi ng a servo address, and FIG 18Cis a view showing a postanble. FIG
18D 5 is a view showing the preanble after encoding. FIG 18E is a view
showi ng a servo address. FIG 18F is a view showing the postanble after
encodi ng. In the case where the servo dat a4after each encoding is recorded
on the disk by means of a NRZI 10 nethod, the read signal read with the
head is a signal waveformas shown in FIGS. 19A or 20A. Here, in the read

si gnal waveform th%‘ﬂj%r!.gqj%otio.s 1BSigRaly MRMET AN 1 EPr sespondli g to the
post anbl e, the range is a signal waveform corresponding to the

preanble, the {13rh3R9¢he4enSolitigdnalrneayafeey ML resppsiidwind® 4 he
postanbl e. Here, the read signal 'waveformshown in FIG 19A is a waveform

in the case Whgr@ahae)avraicar mep st valdueairrmhing tdesdown arddrsés ol d
characteristic of the read/wite channel described above. On the 20 ot her

hand, the readasidgmalc . wasef drsmas vdww ishdwi®g 20Avostsanbke gnafIGavE8drm in
the case where the signal is affected by the |ow area shield
charact ebi sti cis lansiidentstidwing dihet Iperesaibd eofa iaw egneedngit is assuned
that each read signal does not include noise. 25 Here, it is assuned that
the read/witeFIGanidE isatd sfiiees shtewigundi tervaofaddeegs 1noFE§. /188 ~
Tmn) as the cut-off |low frequency fc (frequency in which the
is a view showing the postamble after encoding.
In the case where the servo data after each
encoding is recorded on the disk by means of a NRZI
10 method, the read signal'read with the head is a signal
waveform as shown in FIGS. 19A or 20A. Here, in the
read signal waveform, the range 20 is a signal waveform
corresponding to the postamble, the range 22 is a
signal waveform corresponding to the preamble, the
15 range 24 is a signal waveform corresponding tb the
postamble. Here, the read signal waveform shown in
FIG. 1927 is a waveform in the case where the waveform
is not affected by the low area shield characteristic
of the read/write channel described above. On the
20 other hand, the read signal waveform shown in FIG. 20A
is a signal waveform in the case where the signal is
affected by the low area shield characteristic. |
Incidentally, for the sake of convenience, it is
assumed that each read signal does not include noise.
25 Here, it is assumed that the read/write channel

satisfies the condition of fc=(-1n0.5)/(2xTmin) as the

cut-off low frequency fc (frequency in which the



18 MAR 2005 - 15 anplitude characteristic is |owered by 3dB). re, S
a natural logarithm Furthernore, Tmn refers to the tiyrre 012 tﬁ%“é?%?ﬁ
magneti zation reversion interval of the servo data, and Tm n=l7Tb (Tb: bit
5 cycle after encoding) is provided. Furthernore, a read/wite channel
conducts a PRWL (partial response nmaximmlikelihood) nethod signal
processing. Specifically, the read/ wi+4e ltharnel detects data wth -the M.
decodi ng method (or Viterbi decoding nmethod) 10 with respect to a signal
with which equalization processing of class 2 (PR2) is conducted. FIG 19B
s 8 view showdag,a A Un NGB of s PSALESS DY AR, { N FEP 1n

equal i zing method in t read/ wite channel. In the read/wite channel, in
the 15 case of ja & gRaluMi ChhfloescHIP! | NeFtNe oL s e, T FéFersseapl e
values of 0, -1, and 2 are differentiated with sanple values 0 and 2 being
di fferentiated dre datge bf HY el anhegvet Uest lohetegessioho data 1.
Furthernore, in the read/wite channel, this 20 differentiation data is
decoded with thithymmsiakaierthdiae g addtansand sToinpdlYhokThat botbe decoded
into a record data (corresponding to the data after encoding). FIGS. 15A
to 15E are vi evesydchs ha Stemi ergcad ngcess podvideddi nfuabdedwene; ng of the
servo data in the case 25 where the data is not affected by the cut-off
L_ow frquepcy ofeddvivr el / aranee kL heomadct §| & PRMI (pantiyabwrehponag a data
it row before

maximum likelihood) method signal processing.
Specifically, the read/write channel detects data with
the ML decoding method (or Viterbi decoding method)

10 with respect to a signal with which equalization
processing of class 2 (PR2) is conducted.

FIG. 19B is a view showing a signal waveform after
processing with the PR2 equalizing method in the
read/write channel. In the read/write channel, in the

15 case of a signal which does not include noise, the five
sample values of 0, *1, and *2 are'differentiated with
sample values 0 and #*2 being differentiated to data O,
and the sample values =*1 being set to data 1.
Furthermore, in the read/write éhannel, this

20 differentiation data is decoded with the post coder
having a transmission polynomial to be decoded into a
record data (corresponding to the data after encoding).

FIGS. 15A to 15E are views each showing a process
of encoding and decoding of the servo data in the case

25 where the data is not affected by the cut-off low
frequency of the read/write channel.

FIG. 15A is a view showing a data bit row before



1.8 MAR 2005 - 16 the encoding of the servo address. FIG 15B is a view
showi ng data after encoding which is recorded on the disk after tHeB MAR 2005
encoding in the NRZI nethod. FIG 15C is a view showi ng a sanple val ue
read fromthe disk and 5 obtained in the PR2 equalization processing in the
read/ wite channel. FIG 15D is a view showng differential data which is
data (1/0) detected fromthe sanple valuetdn +he M. decoding. FIG 15E is
a view show ng data which is decoded with the post coder. 10 As has been
descri bed above, under the influence of the cut-off |ow frequency

characteristic éﬁ tggg ge g% %ﬁ: ?ﬁ@glad réggnangbst?ghlgg &hb

changes an enve read ST gnhal “Wwaveform as %omn in

FIG 20A Thereglﬁsvsa % @@ 4 LG VEALSa dng CHRDBR! i s BeEB%dé@aGnStH€a|

wavef orm after I zat1 on proceSS|ng, as shown in FIG 20B, the

sanpl e val ue ISaﬁgkfsfibfS@ﬁétéwbggﬁﬁ@nﬁﬁeahéangzxZQQLhodCDns@quemsby, when
data (0/1) is detected, an error is detected in the differential data. 20

In the above pefgpendstet BShoMUNG!a CsameDedvaguemeehadrebak thlei deskasnd
descri bed above, the read signa read fromthe disk 1 to the head 3

i ncl udes 3 he | btdirsdientytisonpR2eadud diz&CionnpeonepsingGonaeghent!|y, the
read signal waveformw th particularly |ow 25 frequency servo data is
i able to be affexdédrbyetdieancel - of FIGowlbbefseacyielashowéngstic (circuit
characteristic of the differential circuit 110) of the 18 MAR 2005 - 17
differential data which is data (I/O) detected from the
sample value in the ML decoding. FIG. 15E is a view
showing data which is decoded with the post coder.

10 As has been described above, uﬁder.the influence
of the cut-off low frequency characteristic of the
read/write channel, a signal distoftion which changes
an envelop is generated in the read signal waveform as
shown in FIG. 20A. Therefore, in.the read/write

15 channel, in the read signal waveform after the
equalization processing, as shown in FIG. 20B, the
sample value is shifted (gee the designated range 200).
Consequently, when data (0/1) is detected, an error is
detected in the differential data.

20 In the above perpendicular magnetic recording
method disk drive, as described above, the read signal
read from the disk 1 to the head 3 includes the low
frequency component (or DC component). Consequently,
the read signal waveform with particularly low

25 frequency servo data is liable to be affected by the

cut-off low frequency characteristic (circuit

characteristic of the differential circuit 110) of the



read/ wite channel 11 wth the result that waveform distortion is |ikely
to be generated. Consequently, in the read/wite channel 11, in th @"ﬁsfbos
where the data decoding processing is conducted via the PRWL neth

signal processing, the possibility is high that an error data is detected.
In summary, there is a possibility that the read error rate becones high.
Next, there wll be explained a first servid encoding nmethod in which the
record encoding nmethod is 10 inproved in the case where particularly the
servo address 20 is recorded on the servo area 100. The first servo

encodi ng, et NOdEOMKEEL Se | 20y 0y Rl (OhD) rabne LRaE| Gavakolrl 0 the

coded dat a shown 1 n to conduct the 15 perpendi cul ar

magneti c recorChigkggtigﬁ fatpi pR1yheo BET YOner8aed00 ebnkBguEhsky} Whth
the NRZI encoding nethod: Here, 1h the recording operation of the servo

data, the servorfé akadirt B e EhaBRELt 01 gonduehet Basepahpeadibyl aataagnetic
recording with the head 3 (wite 20 head) of the disk drive. FIG 3Cis a

vi ew show ng t hget68Drig srbcessinyayef contdaotpdt viaogheheRMRade8hodrite
head} at the tinme of recording the data on the disk 1. Furthernore, the
data is &5read signal peveéssimahi thei possadifiiom 25 hlighhehdt3afr ead head)
when reading the data fromthe disk 1. Here, as shown in FIG 3D, in the
first servo eneodongdakshbs, debectiada i Snnagmearyal kperecésded so 18 MAR
2005 - 18 that the sumtotal of the length in the |ongitudinal direction
(shown by an arposs83ilibyrekpbnthagreadt perororatroRedprmest NéAhof the

di sk) becomes equal in the nagnetized area 30 with the positive polarity
and in Next, there will be explained a first servo

encodihg method in which the record encoding method is
10 improved in the case where particularly the servo
address 20 is recorded on thé servo area 100.

The first servo encoding method converts the servo
data (0/1) shown in FIG. 3A into the coded data
(0101/1010) shown in FIG. 3B to conduct the

15 perpendicular magnetic recording of the data on the
servo area 100 of the disk 1 with the NRZI encoding
method. Here, in the recording operation of the servo
data, the servo track writer is used to conduct the
perpendicular magnetic recording with the head 3 (write

20 head) of the disk drive.

FIG. 3C is a view showing the record current
waveform output from the head 3 (write head) at the
time of recording the data on the disk 1. Furthermore,
the data is a read signal waveform which is read from

25 the head 3 (read head) when reading the data from the
disk 1. Here, as shown in FIG. 3D, in the first servo

encoding method, the data is magnetically recorded so



> the magneti zed area 31 with the negative polarity which are formed on
the disk 1 in accordance with the record current waveform |nci dehtMaR 9005
in FIG 3D, inthe arrow 33 in the horizontal direction, the arrow 32 in
the vertical direction 32 refers to a track width (a 10 radial direction of
the disk). Hereinafter, the direction relationship is the same as in FIGS.
4A through 4D and FIGS. 5A through 5D.- FIX&5. 4A through 4D are views
showing a first wvariation of the first servo encoding nmethod. That is, 15
in the variation, the servo data (0/1) shown in FIG 4A is converted into

the coded data {i0Hf 1) e shomncbfafl & dRet PehgtBURhEEhed1bAGREdEARA tO the
per pendi cul ar magnetic recording to the servo area 100 on the disk 1 with

the NRZI encodidqir&®t 1ef. (Fhé&m 46y 28ni Sraowi 8W, showragpanteaar doctheent
wavef orm output . from the head 3 (wite head) when recording the head on

the disk 1. Furéterionedifeé€ridf 68 thei diskhobengmesr egdalsignahewavef or m
output fromthe head 3 (read head) at the tinme of reading fromthe disk 1.
25 In this varimdgoatined haseanddevwithstbhopnsihivEl Golabitiynankein

magneti zed area 40 with the positive polarity and in the magneti zed area
41 with the 18th#Rn2@06tized anegadlveipbl thiet pegatiiiec podaira tiys whaedr ded
in accordance with the record current waveformas shown in 4D, data is
magnetical | y rezbedéermedt ee Ehekdisskt haln areocsdancet ¥ithf thge re€Rgch in
the respective 5 |l ongitudinal directions becones equal. FEurthernore, FIGS
5A through 5D af@erBeRtevaviefovlri alinehdepralh¥: f iPst 1§er & ed@od¥g net hod.
That is, this variation,is such that thi Servo data'%%/l) sho i.n FI G
5A is converted®FRPY 33dtR HREaNPHHIPPEALoFiirection, the ‘arrow 32 in

the vertical direction 32 refers to a track width (a
10 radial direction of the disk). Hereinafter, the
direction relationship is the same as in FIGS. 4A
through 4D and FIGS. 5A through 5D.
FIGS. 4A through 4D are views showing a first
variation of the first servo encoding method. That is,
15 in the variation, the servo data (0/1) shown in FIG. 4A
is converted into the coded data (01/10) shown in
FIG. 4B to be subjected to the data to the
perpendicular magnetic recording to the servo area 100
on the disk 1 with the NRZI encoding method. FIG. 4C
20 is a view showing a record current waveform output from
the head 3 (write head) when recording the head on the
disk 1. Furthermore, FIG. 4C is a view showing alread
signal waveform output from the head 3 (read head) at
the time of reading from the disk 1.
25 In this variation in this manner, as shown in
FIG. 4D, in the magnetized area 40 with the positive

polarity and in the magnetized area 41 with the



L0 showmn in FIG 5B to be subjected to the perpendi cular magnetic
recording to the servo area 100 on the disk 1 wth the NRZI encofligng,
method. FIG 5Cis a view showi ng the record current maveforn1output’¥ﬁ@%
the head 3 (wite head) at the time of recording the data 15 on the disk 1
and a read signal waveformread fromthe head 3 (read head) at the tine of
reading the data from the disk 1. In thisd%ard4ation in the sane manner, as
shown in FIG 5D, in the magneti zed area 50 with the positive 20 polarity
and in the magnetized area 51 with the negative polarity forned on the disk

L in accordance, ey ivd NerLenry GHrnerdn \aed oL reberdauashs

magnetically reco e sumtotal of the length in the

longi tudi nal dijecdihlecpids ©hiatecdrd ASubPpsnbeRiveaeseni RedspbaMe ini n
summary, the first servo encoding nethod and each of the variations code

the servo addregs, idwtaided rhé'grﬁé\@iéeﬂl/ﬁ fatardd 1pnwehd di8kMAR 2AAE - 20
the DC (direct current)-free code which can suppress the DC conponent to

be subj ected tahdes@erperdli cof athe nhegneth cinecbedragpeatihe disk 1. In the
disk drive, the servo data is read as the read signal waveformfromb5 the
servo area 100 byndgheudiiaal 3d{readibesdpecdines sguad.data is sent to the
read/wite channel 11 from the servo area 100 on the disk 1. Since the
read signal wavef or Furshermavef oFEGEEn R EhronehDEDcaxgoddfterest a | ow
frequency conponent) is suppressed, the 10 influence of the cut-off |ow
frequency characaeiasions @i tbai f1cRbr serepi encOddNd metdiod-er hatalis,
circuit 110) of the read/wite channel 11 can be suppressed.

Consequent |y, tHeiseyabiabiersiscanchethatolke 88r¥0 ARGR APEE) sPBAYAN the
read/ wite chanpel. 15 There wi |l be expl ai ned hgrginbelﬁg g iB?BifiC
exanpl e in whi chPt REGT | PRt 18eFOBVRRESTi ARCReCRERdi SatapiPPdd/ )

10 shown in FIG. 5B to be subjected to the perpendicular
magnetic recording to the servo area 100 on the disk 1
with the NRZI encoding method. FIG. 5C is a view
showing the record current waveform output from the
head 3 (write head) at the time of recording the data

15 on the disk 1 and a read signal waveform read from the
head 3 (read head) at the time of reading the data from
the disk 1.

In this variation in the same manner, as shown in
FIG. 5D, in the magnetized area 50 with the positive

20 polarity and in the magnetized area 51 with the
negative polarity formed on the disk 1 in accordance
with the record current waveform, the data is
magnetically recorded so that the sum total of the
length in the longitudinal direction becomes equal.

25 | As has been described above, in summary, the first

| servo encoding method and each of the variations code

the servo address included in the servo data (0/1) with



FIGS. 7A through 7C are views show ng servo data before encoding. FIG 7A
is a viewshowing a preanble. 20 FIG 7B is a view show ng a seryg MAR 2005
address. FIG 7Cis a view showi ng a postanble. On the other hand, FIG 7D
i's a view show ng a preanble after encoding. FIG 7E 1is a view show ng a
servo data after encoding. Furthernore; FIG 7F is a view showi ng a
postanbl e 25 after encoding. In the case Woere data after each encoding is
recorded on the disk 1 in the NRZI encoding nethod, the 18 MAR 2005 - 21
read signal read fromthe head 3 has the waveform shown in FIG 8A and

MG 9A FIG BAd9d WAkl [ PAd stagal wHRR! 84 sipbbessase

where the signal waveformis not affected by the influence of the cut s

of f low frequengy ﬁng;?r@&ﬁﬁéﬁ&{ti Cto Qe t o Phbesd heddihe Fb&xrp8Adi Budayi ew

showing a read sig waveformin the case where the signal waveformis

affected by thenadidd iencecofaine snittindfaleow 1requenehechashctietvelic.
Incidentally, for  the sake of convenience, it is 10 .supposed that each

read signal doeshd0detwis! dighea NDs Seead Hes eché nréde skgraiv waeefbannélrofmor
processing the reproduction signal, it is supposed that the relationship
bet ween tshe cuttipd fsdove faegauenty by anel heae B Hread hegdeti z8heon reverse
interval time Tmn of 15 the servo data satisfies the condition of Tmn
(-1n0.5)/ (2~cf Qerterdatdnis senfnto=Lhe (Fad/writecgbhanalt él &mewdi ng)
while Tb is Tbh=(-1n0.5)/(4~fc). In the case where the |ow area shield
frequency fc istheesetveeciyeni yh) enhetBerddslala (Binyei sheokfdfted into 20
the coded data (01010101/10101010) to be recorded in the NRZI encodi ng

met hod. signal waveform is a waveform in which the DC component
(or a low frequency component) is suppressed, the

10 influence of the cut-off low fregquency characteristic
(circuit characteristic of the differential circuit
110) of the read/write channel 11 can be suppressed.
Consequently, the servo address can be decoded at a
high precision in the read/write channel.

15 There will be explained hereinbelow a specific
example in which the first servo encoding method is
applied.

FIGS. 7A through 7C are views showing servo data
before encoding. FIG. 7A is a view showing a preamble.

20 FIG. 7B is a view showing a servo address. FIG. 7C is
a view showing a postamble. On the other hand, FIG. 7D
is a view showing a preamble after encoding. FIG. 7E
is a view showing a servo data after encoding.
Furthermore; FIG. 7F is a view showing a postamble

25 after encoding.

In the case where data after each encoding is

recorded on the disk 1 in the NRZI encoding method, the



The read/wite channel 11 conducts the PRML nethod signal processing as
descri bed above. Here, data detection is conducted in the M. decodi @AR?Wﬁ
met hod with 25 respect to a signal after equalization processing of class
2 (PR 2 method). FIG 8B is a viewshowwng a waveformafter the read
signal in the case where the 18 MAR 2005 - 22 signal is free-fromthe

i nfluence of the |low area characteristic23hown in FIG 8A is equalized in
the PR 2 nethod. In the case of a signal which includes no noise, five
sanple values of 0, 1, and 2 are taken. 5 Wiile sanple values 0 and 2 are

differentiated QY [ t e val IS tHd falwritd @t eshdwh dat a
B Furtherng%gg %ﬁﬁ?agrfkgﬁegﬁfﬁ??@ﬁ 5§%gpsglgtioded with the post

coder having a;traign $3 QhPHngompl afrc.l/dal is @ vilew hdleiangled to data
which is recor& data. 10 Furthernore, in the. case where the servo data is

recorded on thee@isslilnait laveE drin Sin e e adiag: i haidgnalo envel op
vari ation under the influence of the <cut-off |ow frequency characteristic

of the read/ wia&efrannel nbk iaf feared oyt the dardf nlenmoelofastlshowwk + n 15
FIG 9 despite the influence of the cut-off |low frequency characteristic
of the read/ widfE dwvanradediiencyAsha eortsanisrioe., Ot oot Randis are
generated in the sanple value as shown in FIG 9B in the read signa

wavef orm af t er RIite $iAgriad anandesfvorghavel reyyueal Temed] $gnave Wav oM nid higle | n
the read/wite channel 1. Like the read signal waveformwhich is equalized
in the case wherse thengavdforsagnahotaegdiant e RLFeRteOPERNREd shown in
FIG 8B, it becones possible to obtain nornal differential data when the
data (0/1) is detfdaengavath BB Mutredbli k) (FRAYIRCE PR AT IS EF G, 6A

to 6E are views show ng a process of encodj ng and decodi ng_of the data in
t he embodi nent §hcidentally, for the sake of convenience, It 1s

10 supposed that each read signal does not include noise.

Here, in the read/write channel for processing the
reproduction signal, it is subposed that the
relationship between the cut-off low frequency fc and
the minimum magnetization reverse interval time Tmin of

15 the servo data satisfies the condition of Tmin =
(-1n0.5) /(2w fc). Here, Tmin is Tmin=2Tb (Tb: bit
cycle after encoding) while Tb is Tb=(-1n0.5)/ (4w fc).
In the case where the low area shield frequency fc is
relatively high, the servo data (0/1) is converted into

20 the coded data (01010101/10101010) to be recorded in
the NRZI encoding method.

The read/write channel 11 conducts the PRML method
signal processing as described above. Here, data
detection is conducted in the ML decoding method with

25 respect to a signal after equalization processing of
cléss 2 (PR 2 method). FIG. 8B is a view showing a

waveform after the read signal in the case where the



18 MAR 2005 - 23 the case where the waveformis not affected by the cutoff
| ow frequency characteristic. FIG 6A is a view showi ng data befonre MAR 2005
encoding of the servo address. FIG 6Cis a view showing a sanple 5 value
obtained in the equalization processing of the PR 2 nethod in the read
channel after data after encoding shown in FIG 6B is NRZI recorded. FIG
6D is a view showng differential data whgrein data (0/1) is detected
fromthe sanple value in the M decoding. 10 Furthernore, FIG 6E is a view
showi ng data after encoding in which data is decoded with the post coder.

Here, even in Lhe case where Lo serko danadicle icheradad Ak recor ded so

that the sunltﬁfgpa_fl ength i n the Tongitudinal direction of
respective 15 %g@s.tc%%qsgqg ot P! ¥ RY gl st aP R Ine

magneti zed regiron Wi th negative polarity are equal, it has been

experimental | y,copfiiged t Ral +§ PEH0R e gride wHilH tivda wfed heo si gnal
waveformis flat changes toward a zero |evel approxinmately at exp (-2~

fct), 20 so thahideSi Fdle FaddAld VAN Ues @@, atel, affetdndrEertekeancodin
Met hod) Hereinafter, a second servo encodi ng net h6d according to the :

enbodi megt W | 'lynaQ e 1R dra AR Nas deent-deacei effabentjiaked soef'Ddctive
that 25 an encoding recording is conducted wherein the m ni num

magnet i zati on keMalesehentsampdle tialmelnth b6 théfeeendviatetatoatpshi €4 a
condition of Tmin S (-1n0.5)/ (2~ fc) '

Furthermore, this differentiation data is decoded with
the post coder having a transmission polynomial of
"1/(1 + D)" to be decoded to data which is record data.

10 Furthermore, in the case where the servo data is
recorded on the disk 1 with the first servo encoding
method, no envelop variation under the influence of the
cut-off low frequency characteristic of the read/write
channel 11 is seen in the read channel as shown in

15 FIG. 9 despite the influence of the éut—off low
frequency characteristic of the read/write channel 11.
As a consequence, although some shifts are generated in
the sample value as shown in FIG. 9B in the read signal
waveform after the signal waveform is equalized in the

20 PR 2 method in the read/write channel 1. Like the read
signal waveform which is equalized in the case where
the waveform is not affected by the low shield shéwn in
FIG. 8B, it becomes possible to obtain normal
differential data when the data (0/1) is detected with

25 ML decoding from the sample value.

FIGS. 6A to 6E are views showing a process of

encoding and decoding of the data in the embodiment in



I 8 MAR 2005 - 24 wth respect to the cut-off |ow frequency fc of the
read/wite channel 11. Here, "In" refers to a natural logarithm I§ gh
been confirmed by conputer sinulation that the heightening of the rea 2005
€rror rate 5 with respect to the servo data can be suppressed even in the
case where a signal distortion is generated in the read signal waveform
with this second servo encodi ng nethod.- H®inrafter, the results of
conputer simulation 10 are shown. In the sinulation, the servo address of
all the 16 bits data 0 and the preanble of all the data 1 and the servo

data of the posharle arg assuled., th Si & de B COSE HP VL chytbe
1 §§ 0 é%: %?%%g 7 g?

servo data (0/ Is converted 1nto ¢ dat a 0/101 as” shown 1 n 15

FIG 104 and iges enss dedb Aoddif dliskade i sheo NR2I recording method. Fere,
t he m ni num magneti zation feverse interval Tmn of the servo data which has

been coded and recorged, i 6aSes & OvH6wbshowlAgt BhsacBe€oréhenteaingi gha
read fromthe head 3 has a signal waveform 20 as shown in FIG | OB.

I ncidental ly, tiee rasetvsigadteydyefPI deesisos vhewuskondnges. sample
Furthernore, in the read signal in the case where the signal processing in
t he PRM smet hodrafud hsbt £ackdwr 1 etlcdhaexped 1 1dat sonopdocésdingdof nthhePBase
25 where the signal is not affected by the cut-off |ow frequency
characteristic,2 anestingpd eisi gnal redd echamee bgabftézadaba pfbeessnagdongt he PR
2 method as shown in 1 8 MAR 2005
shown in FIG. 6B is NRZI recorded. FIG. 6D is a view
showing differential data wherein data (0/1) is
detected from the sample value in the ML decoding.
10 Furthermore, FIG. 6E is a view showigg data after
encoding in which data is decoded with the post coder.
Here, even in the case where the serfo data (0/1)
is coded and recorded so that the sum total of the
length in the longitudinal direction of respective
15 magnetized region with positive polarity and respective
magnetized region with negative polarity are equal, it
has been experimentally confirmed that a portion where
the amplitude of the signal waveform is flat changes
toward a zero level approximately at exp (-2n *fc-*t),
20 so that a signal distortion is generated.
(Second Servo encoding Method)
Hereinafter, a second servo encoding method
according to the embodiment will be explained.
As has been described above, it is effective that
25 an encoding recording is conducted wherein the minimum

magnetization reverse interval time Tmin of the servo

data satisfies a condition of Tmin = (-1n0.5)/(2=mfc)



~ 25 FIG 11A can be obtained. On the other hand, in the read signal in
the case where the signal is affected by the |ow area shield
characteristic, a sanple signal after equalization processing of PhBZMAR mms
1siet hod as showmn 5 in FIG 11B can be obtained. Here, it is assuned that the
cut-off low frequency fc of the read/wite channel can be set to '
fc=(-1n0.75)/(2~ Tmn). Next, it is assuned that the S/INratio (SNR) of the
read signal is set to SNR=37.2dB. In a read signal 10 in the case where the
signal is not affected by the cut-off |ow frequency characteristic of the

read/ wite chagg%kzkélsggcb%a%l %é] i g‘}ac![_o%fft ro“PI%%n aly zal ion gocessi ng

as shown in FI obt ai ne he other h in aread signal in

t he case vvherertegg/]ﬂ‘}i%ieg@anirﬁ%laflfle_ct ek Ay, t-ﬂql-ctgeiﬂg,_fs | £ neguensy

characteristic, a sanple signal after PR 2 equalization processing as shown

in FIG 12B is)10bkaiiReth, | mtl Has tred aonildmed hey cmmitfed ow frequency fc
of the read/witée channel is set to fc=(-1n0.75)/(2~ Tmn). 20 FIGS. 13 and

14 are views shawunatiiks ease itheMicyHteniSigN ofattile (BNR) efrdheratad
signal is set to SNR=37.2dB, the case showing a result of the sinulation

experi megt showing adspeit aeshile widdvd iatld tcaar e suprd 8RR} @ven ead
error rate with respect to the Nin 25 the encoding recordi ng which
satisfied a corai tihen cafseTnihere (2 iHgR-difsomtbiah Shoyeneratedtimnship
bet ween the m ni num nagneti zation reverse interval tine 18 MAR 2005 - 26

Tmin of the sermhe dazal avidyrelcwawsformow ¥the ikt ys§@ONGISEFEC read/ wite
channel 11.
encoding method.

Hereinafter, the results of computer simulation

10 are shown. In the simulation, the servo address of all
the 16 bits data 0 and the preamble of all the déta 1
and the servo data of the postamble are assumed. There
is assumed a case in which the servo data (0/1) is
converted into coded data (0000/1010) as shown in

15 FIG. 10A, and is recorded on the disk 1 in the NRZI
recording method. Here, the minimum magnetization
reverse interval Tmin of the servo data which has been
coded and recorded is set to 65 bit. 1In this case, the
read signal read from the head 3 has a signal waveform

20 as shown in FIG. 10B. Incidentally, the read signal
waveform does not include noises.

Furthermore, in the read signal in the case where
the signal processing in the PRML method of the
read/write channel 11 is conducted and in the case

25 where the signal is not affected by the cut-off low
frequency characteristic, a sample signal after the

equalization processing of the PR 2 method as shown in



By this sinmulation, it has been confirnmed that when Nis 0.75 or nore, the
bit error rate (read error 5 rate) is extrenely suppressed. As described
above, in the case where PR2 class PRM. nmethod is applied as thd 8iaaR 2005
detection method, the bit error rate is inproved when Nis set to 0.75 or
nmore. It is desirable that Nis set to 0.5 or nore in 10 consideration of
the PRVL nethod of different PR class -and®%ther data detection nethod are
applied. As has been described in detail, according to the present
invention, the read error rate of the servo data having a | ow frequency

liable to be afﬁfét eth 745 rgé%gé]lare@y toe £HE- eéﬁekowaaaeqyﬁneue

characteristic the read/wite annel can be suppressed wth the

write-data encodiflyg &EIMNPH Wi €Re i Eas@Pivhégd tﬁetQ@gﬁsrpesdagﬂéeteaagyetIc
recordi ng nmethod. ConSequently, at the tinme of the position control of 20

the head, the geferpéw Osir&d shecBlir Ghadatbetr st vdpdai Bamphe segmaeldata
reproduced fromthe disk can be suppressed, the precision in the position

control of thefiesw euyedl bsatiisreiropesaingnobr PRh2 hekkodaasbshownpr oved.
As a consequence, a sufficient performance 25 of the disk is realized as a
result, so thatit hBIGrehlBzaanobeobbtatnedgnetecedi $k appasatmsdofhahe
perpendlcular magneti c recordi ng nethod can be achieved. 18 MAR 2005 - 27
Addi tional advarhegestanff nbowf freqiensywft| ofr thei Feadéwuiteochhosel
skilled in the art. Therefore, the invention in its broader aspects is not
limted to thecepeb¢f$%tdE@af¢s(ahdor%préé%ﬂﬂ@ﬁ#@b enbodrnents 5 shown and
descri bed herein. Accordingly, various nodifications be made w t hout
departing fromthe gEFFrt15r1§céﬁéu@?dtﬁéaﬁeﬁéﬁaﬁ/ﬁnﬁéﬁﬂpvéS@Bﬁc@ﬁt as

defined by the gppepded ghalp endLhelr gLyl sk

In a read signal

10 in the case where the signal is not affected by the
cut-off low frequency characteristic of the read/write
channel 11, a sample signal after PR 2 equalization
processing as shown in FIG. 12A is obtained. On the
other hand, in a read signal in the case whefe the

15 signal is affected by the cut-off low frequency
characteristic, a sample signal after PR 2 equalization
processing as shown in FIG. 12B is obtained. In this
case as well, the cut-off low frequency fc of the
read/write channel is set to fc=(-1n0.75)/(2xnTmin).

20 , FIGS. 13 and 14 are views showing the case in
which the S/N ratio (SNR) of the read signal is set to
SNR=37.2dB, the case showing a result of the simulation
experiment showing a relationship with the bit error
rate (BER) or read error rate with respect to the N in

25 the encoding recording which satisfied a condition of
Tmin = (—lnN)/(ZQtfc) which shows a relationship

between the minimum magnetization reverse interval time



18 MAR 2005 28 WHAT IS CLAIMED I S: 1. A disk drive having a perpendicul ar
magnetic 5 recording system said disk conprising: a disk medi & MAR WBl5ch
a magnetized area corresponding to data recorded with said perpendicul ar
ffagnetic recording systemis formed in a perpendicular direction with
respect to a mediumsurface; 10 a head configured to conduct a read and
wite operation of the data with respect 260 said di sk medium a read’
channel configured to conduct signal processing of a read signal read with
said head fromsaid servo area of said disk nmedium and 15 wherein said

di sk nmedi um ha ' | r S f FLion
control of t he%@gﬁ%%%%fd‘ébdma% %rgfv%qé%a@%%d:g%q WP{%&LE%%&%?% Ir ee

code is recoquq%Hbtgg%dywﬁg{éuéﬁhnﬁgmiﬁpjd read channel extracts the
read signal whose | evel changes dependi ng upon the 20 magneti zati on

transfer position ofggaiwh sregngiiZefor) eat angs Basn acenedenedntnet cut - of f
| ow frequency characteristic. 2. The disk drive having a perpendi cul ar
magneti c recor itih QY stLn . BRisk dicke corps ilsithgerror rate (read error

5 rate) is extremely suppressed.

As described above, in the case where PR2 class
PRML method is applied as the data detection method,
the bit error rate is improved when N is set to 0.75 or
more. It is desifable that N is set to 0.5 or more in

10 consideration-of the PRML method of differenﬁ PR class
and other data detection method are applied;

As has been described in detail, according to the
preseﬁt invention, the read error rate of the servo
data having a low frequency liable to be affected

15 particularly by the cut-off low frequency
gharacteristic of the read/write channel can be
suppressed with the write-data encoding method which is
applied to the perpendicular magnetic recording method.
Consequently, af the time of the position control of

20 the head, the generation of the error data included in
the servo data reproduced from the disk can be
suppressed, the precision in the position control:of
the head such as a seek operation or the like can be
improved. As a consequence, a sufficient performance

25 of the disk is realized as a result, so that the
realization of the magnetic disk apparatus of the

perpendicular magnetic recording method can be achieved.



18 MAR 2005 29 a disk nediumin which a nagnetized area corresponding to
data recorded with said perpendicul ar magnetic recording systemqig Qr@ﬁp
in a perpendicular direction with respect to a nedium surface; g a hea
configured to conduct a read and wite operation of the data with respect
to said disk nmedium a read channel configured to conduct signal processing
of a read signal read wth said head from®ai dservo area of said disk
medi ump and 10 wherein said di sk nediumhas a servo area in which servo
data used for the position control of the head is recorded, and servo data

coded with the DC free 6e06ni% a865RLY OQthﬁOEQEYQaQEGﬁs aagisaid read

ds
channel has a differentration circuit ? 5 extracting a read signal

whose | evel changesi gy éa@urn@anﬁﬁbgétseﬂliéan§ﬁe£haoak£|onTaéré@bge,
magneti zed area and differentiating said read signal. 3 A disk drive

having a perpenghs Ul feoDeetis 129 be6oadirngsp¥etemssabl dinktddi ¥e
conprising: a disk nmediumon which the magnetized area corresponding to

data recorded ofhéassepefpendetalds anagnepresencatdivagespstiemehssforned in
a perpendicular direction with respect to the nediumsurface; 18 MAR 2005
5 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.



30 a head configured to conduct a read and wite operation of the data
Wth respect to said nedium and a read channel having a predet araﬁmgdzws
cut-of f frequency characteristic for extracting a read signal 5 waveform
whose | evel changes at a magnetization transfer position of the

magneti zation area fromthe read signal read with said head from said disk
medi um wherein said disk nediumhas a sefyo area in which servo data is
recorded which is used for the positionifhg control of said head, and 10
said servo data is recorded which conprises coded data in which the sum
total of the length in the longitudinal direction of the area having a
positive polarity of said magnelWR2&€dIar €&A3HBDt A8:sumtotal of the length
in the longitudinal direction of the area having a 15 negative polarity
becone equal to each other, the servo data having a servo address
including a track address for identifying a track constituted on the disk

medi um 4. A diskidrivg BakknaraveehpehdyCHl perpaangtutar2fagaeend ng
system said disk drive conprising: a disk nedium on which the magneti zed

area corges i o] recqr ded. I :pendi cul ar  nmagneti c
recordinggsyggggkggn o? 3 épﬁ %Q%grgéggi%ghgfgg%ﬁgéction W th respect to

the medium Surface: 4 19 NAR.2008, 31:a head centigured Lo conduct 4 4i8ad
and wite operation o t he“aat'a MAWH respec?gpo sal §¥°a

medrun ~an redd
channel having a Eredeternined,cut-otf , , ,
t0 data recorded with said perpendicular magnetic recording

system is formed in a perpendicular direction with respect
to a medium surface;

10 a head configured to conduct a read and write
operation of the data with respect to said disk medium;

a read channel configured to conduct signal processing
of a read signal read with said head from said servo area
of said disk medium; and

15 wherein said disk medium has a servo area in which
servo data used for the position control of the head is
recorded, and servo data coded with the DC free code is
recorded on the servo area, and said read channel extracts
the read signal whose level changes depending upon the

20 magnetization transfer position of said magnetized area and

has a predetermined cut-off low frequency characteristic.

2. The disk drive having a perpendicular magnetic

recording system, said disk comprising:



frequency characteristic for extracting a read signal 5 maveforq;y@&&e
| evel changes at a magnetization transfer position of the magne i G0
area fromthe read signal read with said head from said di sk medi um
wherein said disk medium has a servo area in which servo data is recorded
which is used for the positioning 10 control of said head, and said servo
data is recorded which conprises coded a in which the sumtotal of the
length in the l|ongitudinal direction of e area having a positive

pol arity of said faghéki PedidPeanaiBifheastiaPietaredf 2fRe CPERGEROPALTRe

| ongi tudi nal direction of the area having a 15 negative polarity becone
equal to eachoothée; raadrdafddwithdsshdnnerprerdiasigrampeadtsicgnarconavator m
whi ch changes in a step-like configuration at the magneti zation transfer
poi nt of thespagartizedoamed ah shpetperddtudatradidecodbngwioh decpdicng t he
recorded data fromsaid disk 20 nediumw th said head, and decodi ng the
recorded dataotg mbheuRr kdkrRakerecorded data with PRML net hod signal
processing circuit. 5. A disk drive having a perpendi cul ar magnetic 25

ng?Lgi2%5a%fEﬁ”L%SﬁEQddEQnggh¥€dCQBPEBﬁ'Bgt a18cMAR,2007 32 @ di sk
gnetized area correspondi ng
operation of the data with respect to said disk medium;

a read channel configured to conduct signal processing
of a read signal read with said head from said servo area
of said disk medium; and

10 wherein said disk medium has a servo area in which
servo data used for the position control of the head is
recorded, and servo data coded with the DC free code is

recorded on the servo area, and
said read channel has a differentiation circuit for

15 extracting a read signal whose level changes at the

magnetization transfer position of said magnetized area and

differentiating said read signal.

3 A disk drive having a perpendicular magnetic
20 recording system, said disk drive comprising:
a disk medium on which the magnetized area
corresponding to data recorded on said perpendicular
magnetic recording system is formed in a perpendicular

direction with respect to the medium surface;



to data recorded on said perpendicul ar nmagnetic recording systeq”gﬁ &ﬁ@@Fd
in a perpendicular direction with respect to the nmedium surface; é d
configured to conduct a read and wite operation of the data with respect
10 said nmedium and a read channel having a predeterm ned cut-off
frequency characteristic for extracting a read signal waveform whose | evel
changes at a magnetization transfer 10 pgsition of the nagnetization area
fromthe read signal read with said head fromsaid di sk nmedi um wherein
sai d di sk medi um haBeadseppéigreadi AowRPBAUCEepvEeadt ANFAsWFEEBr ded which is
used for the positioning control of said head, the data conprising coded
data in 15 whpehathennphi bben dagaewizht reapreetecseshntdengdiuni; mendimi n  of
said magnetized area satisfies a condition such as a relationship of Tmn
S (-1nN)/2n fc, wherehd Bhaanal hanshgnt pxpdetpentaklycsetodd t he basis of
the read error rate. 20 6. The disk drive according to claim?7, wherein on

the servo areacggeMeydaharhetbec¢ordedrwhi eRtirscsad hokehhesigasitioning
control of the head, the data conprising coded data which satisfies a

trol . a_com ~dafa whi' -
2005 33 7 THE" BT Sk of PE aceora RaTaoR Ao egherarn TS *EBPS5dara has

a servo address,ingluding,2 track address for i9entifyi 093 Luggk,

read with said head from said disk medium;wherein said disk
medium has a servo area in which servo data is recorded
which is used for the positioning control of said head, and

10 said servo data is recorded which comprises coded data in
which the sum total of the length in the longitudinal
direction of the area having a positive polarity of said
magnetized area and the sum total of the length in the
longitudinal direction of the area having a

15 negative polarity become equal to each other, the servo
data having a servo address including a track address for

identifying a track constituted on the disk medium.

4. A disk drive having a perpendicular magnetic
20 recording system, said disk drive comprising:
a disk medium on which the magnetized area
corresponding to data recorded on said perpendicular
magnetic recording system is formed in a perpendicular

direction with respect to the medium surface;



8. A nethod of recording coded servo data in a disk drive having di sk
medi um a head, and a read channel, the nethod conprising: said FQE&ARZW5
channel having a |ow area shield 10 characteristic of a predeterm ned
shield frequency for extracting a read signal waveformwhose | evel changes
at the magnetization transfer position of the magnetization region from
the read signal read with the head fromjhe disk nedium 15 wherein said
read channel codes the servo data used in the positioning control of the

head to coded datd WRefefANELAErafnFRURPHEYRAEt PzEBRFedBASH L RBerval tinme
Tmn of said magnetized area satisfies a condition such as a Relationship
of Tnin S (-dpdrat2aficyfwhbeeditaswatbonespact20owhacd medéxper enmdnt al |y
set on the basis of a read error rate; and said read channel conducts the
per pendi cul ar nmagaetead ckanndingaolinghe peedetdamaned the-sé€fvo area on
t he di sk nedi um
frequency characteristic for extracting a read signal
5 waveform whose level changes at a magnetization transfer
position of the magnetization area from the read signal
read with said head from said disk medium;
wherein said disk medium has a servo area in which
servo data is recorded which is used for the positioning
10 control of said head, and said servo data is recorded which
comprises coded data in which the sum total of the length
in the longitudinal direction of the area having a positive
polarity of said magnetized area and the sum total of the
length in the longitudinal direction of the area having a
15 negative polarity become equal to each other; and
said read channel extracts a read signal waveform which
changes in a step-like configuration at the magnetization
transfer point of the magnetized area at the time of data
decoding for decoding the recorded data from said disk
20 medium with said head, and decoding the recorded data to

the original recorded data with PRML method signal

processing circuit.

5. A disk drive having a perpendicular magnetic

25 recording system, said disk drive comprising:
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a disk medium on which magnetized area corresponding

to data recorded on said perpendicular magnetic recording
system is formed in a perpendicular direction with respect
to the medium surface;

a head configured to conduct a read and write
operation of the data with respect to said medium; and

a read channel having a predetermined cut-off
frequency characteristic for extracting a read signal
waveform whose level changes at a magnetization transfer
position of the magnetization area from the read signal
read with said head from said disk medium;

wherein said disk medium has a servo area in which
servo data is recorded which is used for the positioning
control of said head, the data comprising coded data in
which the minimum magnetization reverse interval time Tmin
of said magnetized area satisfies a condition such as a
relationship of Tmin £ (-1nN)/2n fc, wherein N is a
constant experimentally set on the basis of the read error

rate.

6. The disk drive according to claim 7, wherein on
the servo area servo data is recorded which is used for the
positioning control of the head, the data comprising coded
data which satisfies a condition such as said relationship,

wherein N is 0.5 or more.
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7. The disk drive according to claim 5, wherein the
servo data has a servo address including a track address

for identifying a track constituted on the disk medium.

8. A method of recording coded servo data in a disk
drive having a disk medium, a head, and a read channel, the
method comprising:

said read channel having a low area shield
characteristic of a predetermined shield frequency for
extracting a read signal waveform whose level changes at

the magnetization transfer position of the
magnetization region from the read signal read with the
head from the disk medium,

wherein said read channel codes the servo data used in
the positioning control of the head to coded data wherein
the minimum magnetized reverse interval time Tmin of said
magnetized area satisfies a condition such as a
Relationship of Tmin £ (-1nN)/(2nfc) where N is a constant
which is experimentally set on the basis of a read error
rate; and

said read channel conducts the perpendicular magnetic
recording of the servo data in the servo area on the disk

medium.



