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- 1 *159159* TITLE OF THE | NVENTI ON DI SK DRI VE USI NG
MAGNETI C DI SK MEDI UM OF DI SCRETE TRACK RECORDI NG
BACKGROUND OF THE | NVENTION 5 The present inventio
relates to a disk drive, and nore particularly tommwm
disk drive utilizing a magnetic di sk nmedi um of
structure. Attention has recently been paid to a
magnetic di sk medi um (hereimnaffer-referred to sinply
as "the 10 disk nediunt) as a patterned nedi umof a
di screte track recording (DTR). The di sk medi um of
the DIR structure cofpfLEeSF #HEI INVENTIDACe section
effective as a magnetic recording section, and a
secontP s U Heke %%g¥$dﬂAQBETﬁ@fPé%K|M@DéthﬁE PAgRBETE
recordin sectlon see, for exanple, Jpn. Pat. Apple.
KOKAIRBufb| Ree RO G No. 8- 293110). The first surface

section |s a proj on.on which a
magnetic filmis ﬁﬁ%%&g%gﬁﬁ*ﬁglggbg GIVFHEE section

is a 20 nfﬁegggggéﬁg iggeggfgﬁ gggr Ssﬁgﬁeﬁyleﬁedrlve,
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magnetic-rec I Ng- incapable regio
seco/il; SRCtd o Leard aod§p£f§§egr§9 tﬁ9911&§ng a
confi gured as su stanti a a non-magneti c reg

evennacjn@tf@g@ﬁékqnédimléf P oYk ded-bBengen. 25 1
this type of disk nedium servo regions wth

Attention has recently been paid to a magnetic
disk medium (hereinafter referred to simply as “the
disk medium”) as a patterned medium of a discrete
track recording (DTR).

The disk medium of the DTR structure comprises
a first surface section effective as a magnetic
recording section, and a second surface section
ineffective as the magnetic recording section (see,
for example, Jpn. Pat. Apple. KOKAI Publication
No. 8-293110). The first surface section is a
projected magnetic region on which a magnetic film
is provided. The second surface section is a
non-magnetic region or depressed magnetic-recording-
incapable region. Namely, the second section, which
is a depressed section, is configured as substantially
a non-magnetic region even if a magnetic film is
provided thereon.

In this type of disk medium, servo regions with

servo data recorded therein can be embedded in the

surface of the medium, without using a standard servo
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servo data recorded therein can be enbedded in the
surface of the nmedium wthout using a standard servo
*@00002* track witer. The servo data contains, as

wel | as sector address data and track address data, .
servo pattern data for detecting a positional error
inatrack (this 5 may hereinafter be referred to as
error detection servo pattern) TFhe error detection
servo pattern includes a servo pattern called a null
servo pattern, as well as a burst servo pattern (see,

f or teoeariplwe;iteRCT National Publication No.

2002-516450). 10 The null servo pattern enables the
formattirnghe e341¢P edelya otorbehnsecadrwohlaadi sRCHEH um
to be inproved, and enables the total area.of the
ser\Asidness st o thet Tt rAdeede debRiceder ThePRALFELID
servp pattern contajns a synchyonization region and, a ,
15 $6552 il d&hsori te gt 35 it R SEHRF re? dshhgChn (Ehis
asynchr qnous, di%cital decoﬂe ositional err

o a8 WO B P S reHT G ot i T hSBE 7B ade ErGhbP™

The v tterf. 1S iyt i '
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of tihe IRR St W& pLOonVENtd oNBd 4 bAIr sl Ses¥8vo %?ttern,
patterns are generally enbedded. In disks of the DIR

Strugd uell hoyweveasurdd dSrv®tpatasSynt pse8pedoseexnample,
patterns in a disk by a transfer form ng nethod,
Si NEET atriadrial adfulbhiecetion eNar e2002-516450) .

The null servo pattern enables the formatting
efficiency of each sector on a disk medium to be
improved, and enables the total area .0f the servo
regions on the medium to be reduced. The null servo
pattern contains a synchronization region and a
positional error region, and can acquire, using an
asynchronous digital decoder, a positional error
signal without being synchronized with a read signal.

The null servo pattern is written on a disk
medium by a servo track writer. On the other hand, in
disks of the DTR structure, conventional burst servo
patterns are generally embedded.

In disks of the DTR structure, however, it 1s not
easy to embed servo patterns in a disk by a transfer
forming method, since the ratio of the entire area of
the data regions to that of the servo patterns is
high. More specifically, it is difficult to apply

uniform pressure during a transfer forming process and
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25 the data regions to that of the servo patterns is

hi gh. More specifically, it is difficult to apply

uni form pressure during a transfer form ng process and
hence to formuni form servo patterns. As a result,

the accuracy of head positioning using the resultant
servo patterns may well be degraded. BRI EF SUMVARY OF
THE I NVENTION 5 I n accordance wWth an aspect of the
invention, there are provided a disk nediumof a DIR
structure that enploys uniformservo patterns, and a
di skheafrdeveto uSdP Ty winef i ks enedd upa t Tdensli skAsredi vesolt,
the DIR structure according to 10 the aspect of the

i nveitd GrFHRA Gdest dieadnpes bhioalng uakpgnehagresatkant
whi ch includes a servo regjon with servo data

!reclosreg%ch t@?e?%?’ff‘%rfﬁa% ) ?%g‘?%%?a%‘é' data regi onh
pai 1 of - ad acencBores SARRPTPRCREE' SushBOLE, Vo
region 'anuggé?gdggégowgéﬁhirEGMhl8@ o% %8 gvenglon,

first regl ons ectrve as C regil ons, and

SeC%f@%%‘%Mﬁcﬁ@&té V& r{?@@ﬂ%' &t rggb?ﬁsstir{;‘@ture

servo pattern’i des a nu servo pattern used

det ggiatd 1 G ONA 1 €5 FRl s |§fkd
DESCRlapTlé&%léb THE SEVERAL {/Y%&&égﬁ% DQR%NBB T rive

accaniaiy itge dosk ngsqiwhi ch are incorporated in and

constitute a part of the specification, illustrate

enbodi neritlse ofi s hemeavent o HnthandTRogetheturai abcdbhding to

general description given above and the
the aspect of the invention includes circumferentially
extending tracks which includes a servo region with
servo data recorded therein and a data region. The
data region includes non-magnetic guard bands which
isolate each pair of adjacent ones of the tracks. The
servo region includes a servo pattern which is formed
of first regions effective as magnetic regions, and
second regions ineffective as magnetic regions. The
servo pattern includes a null servo pattern used to
detect a positional error in each track.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

in and constitute a part of the specification,
illustrate 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 view useful in explaining the



25 detail ed description of the enbodi nents given

bel ow, serve to explain the principles of the
invention. FIG 1 is a view useful in explaining the
structure and format of a disk nmediumaccording to an
enbodi nent of the invention; FIG 2 is a view usefu

in explaining the structure of a servo region

enpl oyed in the enbodi nrent -5 df the invention; FIGS.
3A to 3C are views useful in explaining a
reproduction signal waveformread fromthe servo
regisamudthG® 44l tio kG taref vd etss kiseddd uh na expt @i ng ngo
10 anot her reproduction signal waveformread fromthe
ser g reggicsiimeFtGRf 5hg ol iB@rarieovi ews useful in
explainig&vﬁet anot her reproduction signal waveform
read fro 2 sy v V)7 orsefisl i egp §151990€Re
diagramillustrating the conflguratlon of a dis

dri \Fetréat&rcﬁ Rf t IHC DR hemE L FeE i she %m‘a%ﬁlment
dlagﬁgth ustrqgln essential parts of a read/wite
channel n@ﬁP’ in the 20 enbodinent; FIG 8 is a

bl ock m‘%ﬁéﬁ“ iA 5r§%'£¥% ?féw&onééﬁHiaE egxgiaﬁﬁing

head positioning control i ncor por a
enbedi BIMsq ANd I Gighd B x@a\%@&ﬁn di ags apr g ef it §8rvo

explaining a
region;

FIGS. 4A to 4C are views useful in explaining
another reproduction signal waveform read from the
servo region;

FIGS. 5A to 5C are views useful in explaining yet
another reproduction signal waveform read from the
servo region;

FIG. 6 is a block diagram illustrating the
configuration of a disk drive according to the
embodiment;

FIG. 7 is a block diagram illustrating essential
parts of a read/write channel incorporated in the
embodiment;

FIG. 8 is a block diagram illustrating the
configuration of a head positioning control system
incorporated in the embodiment; and

FIG. 9 is a block diagram useful in explaining a
positional-error detection system incorporated in the

embodiment.
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25 positional -error detection systemincorporated in
the enbodi ment. DETAILED DESCRI PTI ON OF THE | NVENTI ON
Referring to the acconpanyi ng drawi ngs, an enbodi nment
of the invention will be described. (The structure of
a disk medium) 5 FIG 1 is a view useful in explaining
the structure and format of a disk nedium 1 according
to the enbodinment. As showt i FI-G 1, the disk
medium 1 of the enbodinent has a discrete track
recording (DTR) 10 structure in which a data region
302 i ncl udes DEAPE LRD A RIGTHEIN &fF ridtgh etN WENEBYINdNS
307 magnetically isolated fromeach other by gird
bands thafefeering nkd tht aocrcompgneing degwongs3osn
The thus-constructed disk nediuml is also called a
di s TR ertedtnS Hewguhdon nvkht e r deRCE FPRA;
Trk2)_.of the disk medium k1 the ratio of each

magnett e ?’te‘af%%u%fbf?oa e‘?fc%k rfB‘?lngﬁbneti c region 308
is 2:1. 1 ach one-turn track, . the disk_pediu 'S

i vided iM% Tofs exalbre. “Bbat 180csBieorePdnttar vo
20 rggi i t r rec -
(embata e Thd GEHE SR Qe RoRNG £ReEE8 LR o
sectie Mpshonwin FIG 2, the servo data includes a
positional -error detection servo pattern that is

fornmed ofasgragmnedh cifepiensl 307handi SRNmBBYARAL 1Co25the

regi ons 308 each corresponding to one bit.
embodiment has a discrete track recording (DTR)
structure in which a data region 302 includes data
tracks formed of magnetic regions 307 magnetically
isolated from each other by gird bands that are formed
of non-magnetic regions 308. The thus~constructed
disk medium 1 is also called a discrete patterned
medium. In each track (Trkl, Trk2) of the disk medium
1, the ratio of each magnetic region 307 to each non-
magnetic region 308 is 2:1.

In each one-turn track, the disk medium 1 is
divided into, for example, about 100 sectors. A servo
region 300 with servo data beforehand recorded
(embedded) is provided as the leading region of each
sector. As shown in FIG. 2, the servo data includes
a positional-error detection servo pattern that is
formed of magnetic regions 307 and non-magnetic
regions 308 each corresponding to one bit.

Each magnetic region 307 is effective as a

magnetic recording region, and is a projection formed
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Each magnetic region 307 is effective as a magnetic
recording region, and is a projection fornmed of a
magnetic film In contrast, each non-nmagnetic region
308 is fornmed of a magnetic film but is a depression
relative to each nmagnetic region 307 and is

i neffective as a magnetic recordi ng regi on. However, 5

i f each non-nmagnetic region 308 is fornmed of a non-
magnetic film it may not always be a depression and

be a region in which a non-magnetic material is

enbexfdet]. magree s vHikrrgi ohn 366nbrastal €ycbonbairmsgnetic
l'i ke 10 standard servo data, a synchronous pattern
sectioB0X08 ghs afelfeed ¢Eeztbryrmdicr ek, cbde is a
section 304, and positional-error detection, servo ,
pat tETHE SN L BBE7F o © spreh 1Y acthe hegdopodPyi apd is
in eac rack, Each_of_the synchronous pattern segtion
303%mékéﬁék%%%r%%sadgﬁ%n%%h i5%c%6§l?% ﬁe%é?PernﬁRV?ﬁer'
a dut [ f /P ' t | ogi e of _th
rragn%e%/iecar&? erg?rgnm%%g&lcisg"%@éfg%dyﬁ%a?gofo%(ﬁég ofa’ Hon
non- i } on; I Set 04 tte . and
PR e PO T R S
usi N & Stafls 0i ROyISEEY Oa tRGC kA hé €L c MB€erial is
synchronous pattern section 303 isS used to fix the
phasenkssdtidd equency of a read channel to those of a
read signal. Further, the address code section 304
cont ai ns Ty i selevoi néoiomt 300 Hasicatkyaddnesshs, 25iks
each of the synchronous pattern section 303 and

standard servo data, a synchronous pattern section
303, an address (sector and track) code section 304,
and positional-error detection servo patterns 305 and
306 for specifying the head position in each track.

Each of the synchronous pattern section 303 and
address code section 304 is a pattern with a duty
ratio of 50%, in which the logic value of the magnetic
region 307 is “1”, and that of the non-magnetic region
308 is “0”. The patterns 303 and 304 are similar to
those acquired by recording data using a standard
servo track writer.

The synchronous pattern section 303 is used to
fix the phase and frequency of a read channel to those
of a read signal. Further, the address code section
304 contains cylinder information (a track address).
In each of the synchronous pattern section 303 and
address code section 304, the magnetic regions 307

occupy substantially 50% of the entire area.
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address code section 304, the magnetic regions 307
occupy substantially 50% of the entire area.

Furthernore, in the enbodi nent, the positional- error
detection servo patterns 305 and 306 are reverse

burst patterns using negative marks (non-nmagnetic

mar ks). The positional -error detection servo patterns

5 305 and 306 are each fornmed of a so-called checkered
pattern in which the magnetic polarity is repeated by
180 degrees displaced. The patterns 305 and 306

provi de nuiftlsermoratiernke Speediment) ythehpositional-
positional -error detection 10 servo pattern 306 is
acqUELTF SR trattli 0N A EP IR HRIENS phase dP6taee reverse
positional -error detection servo pattern 305 by 90,
degredsSt AR GG DrisS Bob REPBD6S Biekuseweronderetic

t he devi at ed ition of t head | at | to th
(he ol o0 Fosi o of the, head Lrelalixe Lo the s orns
regl e%gfgﬁ gﬁréegzge{]peg%cg’_{’ f%ﬁqtéé@ggﬁ.thsé-ecEé(Pbéﬁg&l‘?Q&QQed

and t I nuous nagneti c

regicpit 300, 1%, §f & | M& aRadhe BINEL 1 £r €501 di Plocated by
region, like the magnetic regions 307 of  the data

regil®@n ey rdh Asi descddbed Bhovigat tdrhhezgs skngegdpegm

1 of the DIR structure according to the enbodi nent,

nul lprsaride rpdtl esasyanes fosmed. as the

positional -error detection servo patterns 305 and

306. AccdEpkagficallyt hehsepooitegnah-800¢ort Hetection
magnetic regions 307 in the 25 positional-error

det &4 von periarpaidferig SoBkred 30p radially displacing

the phase of the positional-error detection servo
pattern 305 by 90 degrees. The regions 305 and 306
are used to detect the deviated position of the head
relative to the center of a target track.

A continuous magnetic region 301 is interposed
between the servo region 300 and the data region 302.
The continuous magnetic region 301 is effective as a
magnetic recording region, like the magnetic regions
307 of the data region 302.

As described above, in the disk medium 1 of the
DTR structure according to the embodiment, null servo
patterns are formed as the positional-error detection
servo patterns 305 and 306. Accordingly, in the
servo region 300, the magnetic regions 307 in the
positional-error detection servo patterns 305 and 306
can be set to substantially 50% of the entire area.

As a result, when servo data i1s embedded into the
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can be set to substantially 50% of the entire area. As
a result, when servo data is enbedded into the servo
region 300 by a transfer form ng nethod, stable
transfer formng can be perforned with the entire
surface of the disk nedium 1l kept under a uniform
pressure. This leads to uniformformng of the 5

posi tional -error detection serw patterns 305 and 306,
and hence to highly accurate servo patterns.
Specifically, in the synchronous pattern section 303
and sRitresseghbele 3@¢thpna 30dans her nhgrei ng meghods stable
307 occupé substantially 50% of the entire area, and

10 the tfermiyy opdn 309 penfdeneddel tlo Boeupptire
substantially_50% of the entire area of the ,
posi T4 OIFe 4 f orhelet £ i B LR vb kRt ebpdeB03 dREf30B.

As a result, stable transfer forpn an be realjzed,

her NP B i Tt i HRYS alce ¥ ot EO SRy Lot poke b hsthgs

Not al ;| a -t ervo,_patte LS
forﬁg%ﬂgéig&%g§${|%ﬁaﬁg%$$%f5%e%€§¥$o%agggﬁ%s %g?t%?% 306,

i'7téﬁﬂfﬁgﬁﬁérﬁ%iﬁﬂ%ﬁpg'aéﬁ@rQPQngéf&orﬁQEQ@?aﬁoccupy

about 75% of t area of the servo pattern, ichis

higher_thﬁ@eébﬁi@é@§¥Eeiﬁeﬂﬁ§g§yﬁ59%@ngﬁstBgtggrn section
rmgnetl cC regions I n e SynChr onous pattern sect1 on

303 308l atiiresdreasecseet s 00 BO4. 364 thies , mdd€etic regions
magnetic regions 307 included in the tracks of the

dat 8 0egi om0 2s esthyt bhbly B®% 694 of hé henehtér &raseaand
of the tracks. 25 Thus, when transfer formng is

per ftavargrpane eiberegions 307 can be made to occupy

substantially 50% of the entire area of the
positional-error detection servo patterns 305 and 306.
As a result, stable transfer forming can be realized,
thereby providing highly accurate servo patterns.

Note that if a standard burst-type servo pattern
is formed as a positional-error detection servo
pattern in the servo region 300, the magnetic regions
occupy about 75% of the area of the servo pattern,
which is higher than the area percentage (50%) of the
magnetic regions in the synchronous pattern section
303 and address code section 304. Further, the
magnetic regions 307 included in the tracks of the
data region 302 occupy about 66.6% of the entire area
of the tracks.

Thus, when transfer forming is performed to embed
standard burst servo patterns into the servo regions

300, differences occur in the entire area of the
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standard burst servo patterns into the servo regions
300, differences occur in the entire area of the
magneti ¢ regi ons between the servo regions, which
makes it difficult to performstable pattern-transfer
form ng over the entire surface (all tracks/al

sectors) of the disk nedium1l. As a result, the 5
positional -error detection servb patterns are not

uni form which inevitably degrades the accuracy of

the patterns. (Process for Manufacturing D sk Medium
A prioeesst forremhufachervagn t biee dsskvoedegihvis, 10hwchl
now be described briefly. The manufacturing process is
roudgtitkesi vt dedf fhewlt ate remsfermpsbeless, pattern-transfer

magnet i sm changi ng process, and_a polishing process
Fi r st9 leQﬂ(ﬁﬁﬁﬁl ?cﬁp§&¥¢ %%rf@?%eﬁab¥ Erﬁ?géééélfor

facturing er. as as ttern use

Fﬁngﬁe'??%ﬁkf%f %c s8¢ W% l%?aﬁp ﬁuF%ﬁP Frnbhe
S,supd n v Io in

g{g trot%a§§¥% é?}%@ |ng ng%agggg%r ra%fﬁgnOt

por t i 1 EMHH@% 1ﬁg¥ﬂﬁﬁ%¥ywﬁg 3885 ! Of t§9c9§%$§e8f

the inner 20 periphery to the outer perlp ery a
conueld gshti ¥ nhs Non-magneti zed portions, are drawn by
exposure on a resist-coated original dISk usi ng an

ori ginadcel skfor Alatu Pact yPeng! @ﬁék%@@ﬁ%ﬁxposur e

apparatus. Subsequently, the resultant structure is 25

subj ect e” tmrodess ekanphanuRhEsut begebief at Bkngedtium 1
will now be described briefly.

The manufacturing process is roughly divided into
a transfer process, a magnetism-changing process, and
a polishing process. Firstly, a description will be
given of a process for manufacturing a stamper as a
base pattern for use in the transfer process.

The stamper-manufacturing process is subdivided
into drawing, developing, electro-casting and
polishing. 1In pattern drawing, portions of a disk
medium, which are located between the inner
periphery to the outer periphery and converted into
non-magnetized portions, are drawn by exposure on a
resist-coated original disk, using an original-disk-
rotation type electro-beam exposure apparatus.

Subsequently, the resultant structure is
subjected to, for example, RIE, thereby forming an

original disk with an irregular pattern. This

original disk is subjected to an electric conduction
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original disk with an irregular pattern. This

original disk is subjected to an electric conduction

10 process, thereby electro-plating nickel (Ni) on the
surface of the disk, and inparting the inner and outer
di aneters to the disk by punching. As a result, an N

di sk stanper is forned. In the stanper, the portions 5
to be converted into non-nagnei?zed portions are

fornmed as projections. Using this stanper, a

patterned nmediumis produced. In the transfer process,
tramsfagedss gardrghedgctio=prdaning iniolge hphyi usdngthe
doubl e-side transfer type 10 in-printing apparatus.

Mor e s idhaltie Hisks avhtetraw tinantiBoG reer sandreuter
attached to the opposite surfaces of a vertica

r ec SHARF s KE Dy G P W RYRCR G i nrfet PeFephbFalan Ni
hol e, thereof. In this state, two types of st ers .

ot gt T 1 SR b e T Rl G eS ons
ent .8 1 23ic5t, SHI A0S of he Lup. ll Sks LWL { he. same
pressure, there y rané?errlng g|rregu F7tred onto

the sl SUHACRSt sl ting: nd rom 4 hisahgapst gr
process, the portions to be made” non-nmagnetic are

f or ned tas P mesHl NSt 4 bidBudesl st. 20 Thereafter, in
t he magneti sm changi ng process, the depressed resist

portions | et Henyets fOr expPoOSEss | heramgheti Csmpéefbahed by

surfaces of the portions to be mnade non-magnetic. In

t hi sirstpatient atittheyyegrhy oamsirat a wihowhl & sthdmet rans ger type

shoul d be left, projections of
in-printing apparatus. More specifically, disks
coated with an SOG resist are attached to the opposite
surfaces of a vertical recording disk by chucking with
the inner peripheral hole thereof. 1In this state, two
types of stampers prepared for both surfaces are made
to hold the entire resist surfaces of the two disks
with the same pressure, thereby transferring
irregularities onto the resist surfaces. Resulting
from this transfer process, the portions to be made
non-magnetic are formed as depressions in the resist.

Thereafter, in the magnetism-changing process,

the depressed resist portions are removed to expose
the magnetic material surfaces of the portions to be
made non-magnetic. In this state, at the portions at
which a magnetic layer should be left, projections of
silicon dioxide (SiOp) are formed. After that, ion

milling is performed using the SiOp layers as guard

layers, thereby eliminating the magnetic layers
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25 silicon dioxide (Si02) are fornmed. After that, ion
mlling is performed Using the Si02 | ayers as guard

| ayers, thereby elimnating the magnetic |ayers - 11

| ocated at the depressions. As a result, a desired
magnetic material pattern is formed. Further,
sputtering is perforned to make SiIQ2 to a sufficient
thi ckness to thereby elimnatelb irregularities. The
resultant structure is subjected to reverse
sputtering to expose the magnetic material surfaces,
wherlddnated |2t e t@emeds sreeh sim | 8s azquéselt, whi dashasd
depressions with a non-nmagnetic material enbedded '
t herE M CULF TR el 3 sk boe TR hi gt pFBe@ss, the fl at
surface Ls further s oLishing to thereb

forma %f%?%{ecf?%ﬁgég§é$éi%ngFE@EW?%nFOSW?EEtﬁﬂ 2

i K8 Tt 1 Lt st he- R vt EbEFRe EF
erbodr N EorrT Cos Rt Sk AcieBT j {BADy 16pISoted
2 hende & S e ot T e e el

20 ayriddes, cinerdidy hoaf th REBR) t 200 d AR @ESR L H€8cquired
above, the disk nedium1l1 is a patterned nediumof a

doubite-drayere eyt rawd isres thath dasonimadpeehisideserial
processed for DIR and can perform
embedded therein.

In the last polishing process, the flat surface
is further subjected to polishing to thereby form a
DLC protection layer. The resultant structure is
coated with a lubricant, thereby providing the disk
medium 1 of the embodiment.

(Structure of Disk Drive)

As shown in FIG. 6, the disk drive of the
embodiment comprises a head disk assembly (HAD) 100
that includes the disk medium 1, spindle motor (SPM)
2, heads 3, actuator 4 and head amplifier IC 6, and
a printed circuit board (PCB) 200.

As described above, the disk medium 1 is a
patterned medium of a double-layered structure that
has its both sides processed for DTR and can perform
perpendicular magnetic recording. The heads 3 each
comprise a read head (e.g. a GMR element) 30 and write

head (e.g. a mono magnetic pole head) 31 mounted on

the same slider (ABS), and are provided for the
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per pendi cul ar magnetic recordi ng. The heads 3 each 25
conprise a read head (e.g. a GWR elenent) 30 and wite
head (e.g. a nono nagnetic pole head) 31 nmounted on

the sane slider (ABS), and are provided for the 12
respective surfaces of the disk nmedium1. Nanely, the
heads 3 are provided as a down-head and up-head for

t he upper and | ower surfaces ofi2t he di sk nedi um 1,
respectively. 5 In the HAD (head di sk assenbly) 100,
the disk mediuml is attached to and rotated by the
spi M speamiws uirfldeeacéfiatios 4isk medbuenent Namely, the
mechani sm for the heads, and conprises suspension

ar mheklds uppore i pupvided respecdove-headsaBd appheatl for
shaft 42 supporting 10 the arns 41 so that the arns

can ¥ dgirpemmnd lwiee sebfaceptof theviiak. mgdeuncisy
43 |nparts a torque to each arm4l so that each arm
41 rOISRYSLEBBYE - the pivot shaft 42, thereby radially

nead anpl 111 ehe e [ESEAHTok, ggsggghg | P97 nghe sk
o SRR, 40 PR et 1 2T cRE CabEE iy e B e e
cable,{5FPQ . Tehd educe i he @Méaé'r‘f’?o@éméﬂg mechanism for

i nput/ out put signal of each head 3, i1t is preferable

20 tthdHBHds ONaddlecsBSPESEL VEuSF8Bsfidn B8AY 41 supporting
anplifiers 1C5 in the formof chips. However, a

si nglte: hestbe @il d fheddd QG und tp iyt behiFred2t @upb@rting
drive main unit.
the arms 41 so that the arms can rotate, and a voice
coil motor (VCM) 43. The VCM 43 imparts a torque to
each arm 41 so that each arm 41 rotates about the
pivot shaft 42, thereby radially moving each head 3
over the disk medium 1.
The head amplifier IC 5 is a driver for
amplifying a signal input to or output from each head
3, and is electrically connected to the PCB 200 via a
flexible cable (FPC). Tc reduce the SN ratio of the
input/output signal of each head 3, it is preferable
to mount, on the respective arms 41, head amplifiers
IC 5 in the form of chips. However, a single head
amplifier IC unit may be fixed to the drive main unit.
As mentioned above, the disk medium 1 has two
surfaces. The disk medium 1 is mounted in a direction
in which the head movement locus substantially

coincides with the arc of the servo pattern of the

servo region 300. The specifications of the disk
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As nentioned above, the disk nedium 1l has two

surfaces. The disk nedium1 is nounted in a direction

25 in which the head novenent |ocus substantially
coincides wth the arc of the servo pattern of the

servo region 300. The specifications of the disk 13
medium 1 are basically the sane as those of a standard

di sk medium for, for exanple, vertical nagnetic

recordi ng. However, the center of the arc of the

servo region 300 is situated on the circunference of 5

a cimexdimumusl rgye asasi ¢l ystlidesand , ad hehdsst@ance standard
bet ween the center of rotation of the disk and the

centdrs bofmgu it | far of feheepinple shad 1t 4@al Fuaghet jc

the di stance between the pivot shaft 42 and each head

3 i sramudliag  hdlowrivems, ofhe heenfer ab e #08 @O0the
mainly provided with four system LSIs. Nanmely, the
readfSHYR YN THanhel sasted e roh? oeksgyrierpuye of
7, disk caontroller (HDC) 8 and notor driver | C 9. The
CPU Y G A Tt tEont3 DI % er2$01S t Hee b ke 181 r 14252358

. d PTOITS | i b
e e T e &% e e s T R A e
st ord&&éofé%ﬁxﬂrcf@irnfp@f aéﬂé;’rkii\;& Osha£OMF 0l Further,

programs), a used as a work menory, and a logic
Ci r alid .diskihd OB fddf W e |51 FoC OSRAK ALA PN n 20 MBh thead

formed of a hardware circuit. The HDC (di sk
cont3 ald efdeB.ad athd N BNEL o B NESarc.

The PCB 200 is mainly provided with four system
LSIs. Namely, the read/write (R/W) channel IC 6,
microprocessor (CPU) 7, disk controller (HDC) 8 and
motor driver IC 9.

The CPU 7 is a main controller for-the disk
drive, and provides a head-positioning control system
in the embodiment. Assume here that the CPU 7
includes a ROM storing software for operations (e.g.
control programs), a RAM used as a work memory, and
a logic circuit. The logic circuit is a computation
unit formed of a hardware circuit.

The HDC (disk controller) 8, for instance, serves
as an interface between the disk drive and a host
system (e.g. a personal computer), controls data
transfer to the read/write channel IC 6, and exchanges
information with the motor driver IC 9.

The read/write channel IC 6 is a unit for

processing a read/write signal related to a read/write
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as an interface between the disk drive and a host
system (e.g. a personal conputer), controls data
transfer to the read/ wite channel IC 6, and exchanges
25 information with the notor driver 1C 9. The
read/wite channel 1C 6 is a unit for processing a
read/ wite signal related to a read/wite - 14
operation, and includes vartou$4circuits for swtching
the channel of the head anplifier 1C5, and for
recordi ng/ reproduci ng servo data and user data. The
not creedra bdern | @rad clomt Ywdss t her 8P 2c andu VOM £6r 48witching
controls the SPM 2 and VCM 43. Specifically, the

dri Viére 1hannohtefol ghe Heeadtampbhf ber t He SPvd &ad

supplies the VCM 43 wth a current corresponding to
t he ING/ TR BIC RS | IaT OBy t #ed cpepy, data.

. Fss
Foadlwi TR RY T egﬁ%ﬁ?f&@@aﬁaﬁt% %Bl}ﬂigie’and veu
A D 62., i g £l i gi tal FLRfilt

63, A Lol Mo B anc 4ol Fh ddcogereptt bl the

equgjlii;perr bk @Ic@cciﬁét:ezsoﬁ read §$*9£‘@101550Er9§’%| %@\gf%é and

head amplifier and perforns anal og

The gipad idgnale RN 43 8tk oM uf PEnt €X8FPL Spohfitng to
servo region by the read head 30. The A/D converter 62

per futtenmnsamd i0l) ednthel destysageal beatied i ced by the
equal i zer 61, and outputs 20 a digital signa
cor rigepahdinig & cChdrenelea)si gnal to

As shown in FIG. 7, the read/write channel IC 6
comprises an equalizer 61, A/D converter 62, digital
filter (digital FIR filter) 63, Viterbi decoder 64 and
servo decoder 65.

The equalizer 61 receives a read signal RS from
the head amplifier IC 5, and performs analog
filtering. The read signal RS is read from, for
example, the servo region by the read head 30.

The A/D converter 62 performs sampling of the
read signal equalized by the equalizer 61, and outputs
a digital signal corresponding to the read signal to
the FIR 63.

The leakage field from the disk medium 1 of the
embodiment is of vertical magnetization, and has a
pattern in which the magnetic regions 307 and non-
magnetic regions 308 are mixed. In the read/write
channel IC 6, the read signal has its DC offset

compenent completely eliminated by the high-pass
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the FIR 63. The | eakage field fromthe di sk nmedium 1

of the enbodinent is of vertical nagnetization, and

has a pattern in which the magnetic regi ons 307 and

non 25 magnetic regions 308 are mxed. In the

read/ wite channel IC 6, the read signal has its DC

of fset conponent conpletely elimnated by the

hi gh-pass - 15 characteristiclbdf the head anplifier

IC5 and the equalization by the equalizer 61. As a

result, the read signal is a substantially sine wave

si grdlardatenihe idi skf nBte unedd odmp hief 2erbolid nenandt blee

anplitude of 5 the read signal is reduced by half,

conpeuRd tzn il ors thah ddrel ekl ek WA f orBwertreanlt, the

nagnetlc recording. Although this does not occur onIy
a'“p%f’ftlerlrﬁedi n%tﬁ%ﬁ’ﬁ%%li‘wey dF 5Ke ERY ®ins 4903 L t helR

det%& ocﬂlEst o TR T SRent | (RS TR} ibpde of
d

o0 iithe Hedd S i 2 | LERENCH N0y uROTe ECTRAREG e P A

of theRerve Jedl adah dP éélgmh 5)1; Iﬁayﬁe {& f8cording.

necessary to appropriately set ead” po arlty In

accor dance) M dlyl henPatyeeH Adt | sakageohl ¥xinThch a
channel I1C 6 swtches the processes in accordance

Wi t Ipdttee s endafidin repragdicdi on se@nah. 1 of pesfonpsdi-
for exanple, a synchronization process for
synciaroni Zilg charepsodl@té amagi Hgnl h ockdav détection as
a result of misidentification of “1” as “0” or vice
versa, depending upon misidentification of the
direction of the leakage flux of the servo region 300.
In light of this, it is necessary to appropriately set
the head polarity in accordance with the pattern
leakage flux.
The channel IC 6 switches the processes in
accordance with the phase of a reproduction signal.
It performs, for example, a synchronization process
for synchronizing a reproduction signal clock with
the pattern cycle of the disk medium 1, an address
determination process for reading sector cylinder-code
information, and processing of the servo patterns 305
and 306 to detect off-track amounts.
The A/D converter 62 synchronizes the sampling
timing of digital values with the read signal of a

sine wave, and performs AGC processing for setting

the amplitudes of signal components corresponding to
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20 the pattern cycle of the disk nmedium 1, an address
determ nation process for reading sector cylinder code
i nformati on, and processing of the servo patterns 305
and 306 to detect off-track amobunts. The A/ D converter
62 synchroni zes the sanpling 25 timng of digital
values with the read signal of a sine wave, and
perfornms AGC processing for-setéing the anplitudes of
signal conponents corresponding to 16 sanpled digital
val ues. The A/ D converter 62 sanples the cycles of
"1" samplEd atidicial poiliess. | ThdeA fBpraduetion @2 ccassles
of the address information 304 in the servo region
300, thethexHametf Bl @B T¥duwresfewe prires| evel of
each digital sanpling value using the FIR 63, and
per f or s Wi tE1Di TREFMH AL OB REACHPS | Phetihopddress

esti, ion by the Viterhi decoder 64. Based on the
ot Al ol (704 Ahehs (BN TRt Ta the Ssppeel

dec r. 65 perfor ray- code reverse transfor .
t here y6 greendg'lrca 9 ntgr?esgr%:? or a ed"?]fa% S Jh%Jer Mmpling

i nf erariq}é Qi tthd erﬂkl tg3 ! %&Pﬁégﬁ%ﬁggﬁ{?%%§fragcoding

track i nf ormation (track positi

necessAly Jror e PRsdd | o s Of oash cheagh Serdd db€oder
channel 1C 6 now shifts to the process of detecting

of f -a4r.ackBayaaligrs e tdeet &ef Msh Ped 161 1o 80bhe ante SO61

Firstly, the channel 1C 6 perfornms sanple/hold

I nt eraatdeon @h ttiee aagtvd utkesoddr sS&F vwerforms gray-code
reverse transform, thereby generating sector and track
(cylinder) information. As a result, the CPU 7
acquires servo track information (track position
information) necessary for the positioning of each
head 3.

The channel IC 6 now shifts to the process of
detecting off-track amounts in the servo patterns 305
and 306. Firstly, the channel IC 6 performs
sample/hold integration on the amplitudes of servo
burst signal patterns in the order of servo burst
signal patterns A, B, C and D. After that, the
channel IC 6 supplies the CPU 7 with a voltage value
corresponding to the average amplitude, and generates
a servo processing interruption signal to the CPU 7.
Upon receiving the interruption signal, the CPU 7
reads burst signal components in a time-series manner
using an A/D converter contained therein, and performs

conversion to off-track amounts using a digital signal
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burst signal patterns in the order of servo burst 20
signal patterns A, B, Cand D. After that, the

channel 1C 6 supplies the CPU 7 with a voltage val ue
corresponding to the average anplitude, and generates

a servo processing interruption signal to the CPU 7.

Upon receiving the interruption signal, the CPU 7 25
reads burst signal components Lh a-tinme-series manner
using an A/ D converter contained therein, and perforns
conversion to off-track anounts using a digital signa

17 prasesssor (BBP) imclwdked im the logic circwuit. Based
Based on the off-track anmounts and servo track

i nf sMrdthorffthadprmouteurane| seue? eexack henSerpation,

trac p03|t|on of each head. 5 (Head-Positioning
Cont™¥l f5tercorHe e sk RIS S PR Y @st 53k Jgosition

head- p05| i,oni ng control systemas shown in FIG 8.
The *théit qxﬁﬁ%$oning control systemis realized by

h h | C 6.
}?efeﬁl%ng?l %{%Qg @%Beﬁ?%%rhegdcpggpsl olnl ng
control sysd eé@slw c!h_LJ.\IF@ gﬁé&f Hegde b §1f11:1¥ aI ReELG 8,

reference synbols C, F, S denote

t 1 asyy 18Si At dg ra?dﬂtom_ost g@eﬁﬁeﬁlé&%w%ﬁm@! egrENt She
A control target pl ant (Fg 506 corresponds 15 to the

VCMi3 d b o Iardr o eisret réNGs - difiei eick el DFed by the CPU

including the VCM 43 in a broad sense. A signal-

pr odessichgaftivayesS)arkl Iread Spetctid i cladnyel eBCi @¢ed Bgferring
to FIGS. 8 and 9, the head-positioning control system
will be described briefly.

In FIG. 8, reference symbols C, F, P and S denote
the transmission functions of respective system
elements. A control target plant (P) 506 corresponds
to the VCM 43 in a narrow sense, and to the actuator 4
including the VCM 43 in a broad sense. A signal-
processing unit (S) 513 is specifically realized by
the read/write channel IC 6 and CPU 7 (which performs
part of the off-track amount detection process). A
feedback controller (hereinafter referred to as “the
first controller”) 505 and synchronization suppression
compensation unit (hereinafter referred to as “the
second controller”) 512 are specifically realized by
the CPU 7 and software.

The signal-processing unit 513 generates
information indicating the present track position (TP)

on the disk medium 1, based on a servo reproduction
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the read/wite channel 1C 6 and CPU 7 (which perforns
part of the off-track anount detection process). A 20
feedback controller (hereinafter referred to as "the
first controller”) 505 and synchroni zati on suppression
conpensation unit (hereinafter referred to as "the
second controller") 512 are specifically realized by
the CPU 7 and software. 25 Thel8i gnal - processing unit
513 generates information indicating the present
track position (TP) on the disk nedium11, based on a
ser \&o. grepr dducitudimdl8 fei grredmp kel Lakiangs s $ of n Exemat £on
address information fromthe servo region 300 just

bel dwamheposiaton (ad)on oi0q husledee Bow o hespontt hen (HP)
to the novenent of the plant 506. 5 The first
contdolihs B chI U LR BLTEE herat Floh MeBsRNb1ot othe
eI|n1nateE%ﬂ§ positional error (E) between the target
t r adk-Pbs m (RP) on the disk nedium1 and the

present pﬂ% séT-%n§Eo fgrh§@9 %%¥8u %QQEdFB 0 ?f%Eioﬁ

controller |s a eed orwar d” ( ens

uni t, f1qfe qplnp&f]séi_lt Iﬁhgraa{?r%kﬁ%zgg@éﬂl éprﬁfft : aCE between

synchronous wth the con eac on

t he ik SR UM dacPrp SYNETEONEYS) Wit heidieqi Rt RéH00m 1
of the disk, and stores, in a nenory table,

r ot @tdcprtrse/wtrmwsm@mmrsatwn yalues geddbrated 15

bef orehand. The second controller 512 does not

normal |y Tise sdeopdscdnonallerrdi2 (5, aafidedafcuvatrés (FF)
compensation unit for compensating, for example,
vibration synchronous with the configuration of each
track on the disk medium 1, or synchronous with the
rotation of the disk, and stores, in a memory table,
rotation-synchronous compensation values calibrated
beforehand. The second controller 512 does not
normally use the positional error (E), and calculates
a value corresponding to FF operation value U2 with
reference to the memory table, based on servo sector
information (not shown) supplied from the signal-
processing unit 513.

The CPU 7 adds the outputs of Ul and U2 of the
first and second controllers 506 and 512, and sends
the addition result to the plant 506 as a control
value U. Specifically, the HDC 8 supplies the VCM 43
with the control value U from the CPU 7 via the motor

driver IC 9, thereby driving each head 3.

A synchronization-compensation-value table is
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a val ue corresponding to FF operation value U2 with

reference to the nenory table, based on servo sector

i nformati on (not shown) supplied fromthe signal 20

processing unit 513. The CPU 7 adds the outputs of Ul

and U2 of the first and second controllers 506 and

512, and sends the addition result to the plant 506

as a control value U Spectfitally, the HDC 8

supplies the VCM 43 25 with the control value U from

the CPU 7 via the notor driver 1C 9, thereby driving

eackraliddd a3 e dA dymioty driiez aitn ot o npesrsat i om- valleeever,

table is 19 calibrated during the initial operation.
HoweAnen, theharpsitel qyosl tdormt €y ofs (Bt i keswtthagsa set

than a set value, re-calibration processing is

st areddiero GipwR e P rate AR RO CES Ret@ris nift woved ot 1 epdate
, a. brief descrlptlon will be given of how to detect

thetﬁﬁél error using a reproduction si gna

f h d head The k. di
o St”ted i trcrﬁﬂiqe T 0 26 pnar SRSFE Rk Rion win
The y‘%d Ofli‘io% %Sgléélég%%wg%é§£‘t%¥ngft%rror u811’1g a

suspen I1on arm

41. Rl ARl IR s i DAt &'ﬁrcﬁﬁsﬁr%‘ef’eéé fdah 16,

floats above the disk nmedium 1 wth a slight
cl ear ancerfdded gbetmeeiurd 0] bes babanesd awi 4 hcbhgtant

pressure of air that occurs when the disk is 15

r ot atoecht idmed regsadd byt hehd ezEM head B0e claeadles ecs a
elastically supported by the suspension arm 41 via a
gimbal provided on the arm 41. At this time, the head
3 is designed so that it floats above the disk medium
1 with a slight clearance therebetween to be balanced
with the pressure of air that occurs when the disk is
rotated. As a result, the read head 30 can detect a
leakage flux from the magnetic layer of the disk
medium 1 with a constant magnetic clearance defined
therebetween.

The record signal of the servo region 300 passes
just below the head 3 at regular intervals in
accordance with the rotation of the disk medium 1.
The head-positioning control system éan perform servo
processing (positioning control) at regular intervals
by detecting track position information in a
reproduction signal output from the read head 30.

Once detecting an identification flag, called a

servo mark, indicating the servo region 300, the HDC 8
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| eakage flux fromthe nmagnetic | ayer of the disk
medium 1l with a constant magnetic cl earance defi ned

t her ebet ween. The record signal of the servo region

300 passes 20 just below the head 3 at regul ar
intervals in accordance with the rotation of the disk
medium 1. The head-positioning control system can
perform servo processing (post®ioning control) at
regular intervals by detecting track position
information in a 25 reproduction signal output from

t he qagadk dieianh t30. t heOncienided ext iwigi @n thikenseéfveategnon 300
flag, called a servo mark, indicating the servo

r egikeyd B0, J utte OO thetheadn estimeg ethdeserne ngeaion
whi ch the servo region 300 _ passes just bel ow the head
3, sitfte % RetRGRRS rdgi iPuDo iRteferetted AF FRYuFHRING
intervals. At_the tim

t_which th nbl ,
por Ao i HEAS GO G H007S Baoces §b1° pEFEhP™ 300
h ~dde 408G C
;t Z%%%&%ﬁcessﬁ%%ﬁ?é%hfh gﬁ%ﬁg@i %I%%LI; a%s the
T ustaatd ng d he tcgogwfaw@éw& o@e POSL& i onal -error

detection system for processing positional-error

detectiones®r vo {19 Patiesnsd Brandi BPEs0Fat hgSen¥o
region 300. This systemreceives a reproduction

Si gredn firqamdthieon eafl a ek Blon ANk ged ecdiSt @ction system
positional error (PES) of the head 3 in a track.

Spedidn qatdagsdiney ystiam orsa I et r@edddyed hieoCPEE 7vo hat

includes the read/wite
patterns 305 and 306 of the servo region 300. This
system receives a reproduction signal from the read
head 30, and detects a positional error (PES) of the
head 3 in a track. Specifically, the system is
realized by the CPU 7 that includes the read/write
channel IC 6 and logic circuit.

This system mainly comprises a signal adjustment
unit 704 for adjusting a reproduction signal (by, for
example, differentiation processing), an amplitude
determination unit 700, a decoded-signal generation
unit 701, a phase determination unit 702 and a PES
computation unit 703.

The amplitude determination unit 700, decoded-
signal generation unit 701 and phase determination
unit 702 execute processing for detecting a positional
error of the head 3, output a voltage value corre-

sponding to the detected value to the CPU 7, and issue

a servo-processing interruption signal. Upon
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15 channel IC 6 and logic circuit. This system mainly
conprises a signal adjustnent wunit 704 for adjusting
a reproduction signal (by, for exanple,

di fferentiation processing), an anplitude

determ nation unit 700, a decoded-signal generation 20
unit 701, a phase determ nation unit 702 and a PES
conputation unit 703. The ampl?tude deternination unit
700, decoded- signal generation unit 701 and phase
determnation unit 702 execute processing for

det e8daiy i odig i RO @repFing iee et Bon ot peal,
a vol tage val ue corre- sponding to the detected val ue
to ttHe 7] R QESIP T AL TV pFoe ediFRrting the

interruption signal. Upon - 21 receiving the

Iser -tlﬁjﬁ%&lceégs‘ialrﬂgl% rﬁrbtrcgu?ﬁii%@?‘s‘?l’g%ﬂf,am? t Ccpiping the DSP
erforns processi f.ar erting the detect val ue

Pet ST i Y o D (BT oLl e

to t ~ td (1. :703.«5 o) i NG _
ropr L oa e P SR Sl e 0D s yd T GEPR00: Plonal

Pr 0Gass N Me tRRSSIdr r@rd%{éi%) 9 and 3A to 5C a

detailed description w be” gi ven of processing of

r epr oductRefe 15t Ol 5o repck f romnde3posst sonak - @£ 1148
detection servo patterns 305 and 306 of the servo

r egiders 30t iand willel posidiiveraleerposceed 2od | oh
processing concerning the patterns. FIGS. 3A to 5C
s how epeprdbthititarors isjrgmlad scetD, £ 560 the positional-error
detection servo patterns 305 and 306 of the servo
region 300, and the positional-error detection
processing concerning the patterns.
FIGS. 3A to 5C show reproduction signals 400, 500
and 600 output from the read head 30 when the head 3
passes over the positional-error detection servo
pattern 305 of the servo region 300, and differential
signals 401, 501 and 601 of the reproduction signals.
FIG. 3A shows the case where the read head 30
passes over the positional-error detection servo
pattern 305 between the centerlines of tracks Trkl and
Trk2. When the read head 30 passes from the left to
the right in the figure, it detects a change in
magnetic force between the magnetic region 307 and the
non-magnetic region 308. As a result, as sown in
FIG. 3B, the read head 30 outputs the reproduction

signal 400.

The read/write channel IC 6 performs differential
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and 600 output fromthe read head 30 when the head 3

15 passes over the positional-error detection servo
pattern 305 of the servo region 300, and differentia
signals 401, 501 and 601 of the reproduction signals.
FIG 3A shows the case where the read head 30 passes
over the positional -error detection servo 20 pattern
305 between the centerlines-of2z2racks Trkl and Trk2.
When the read head 30 passes fromthe left to the
right in the figure, it detects a change in magnetic

f or eeyuzdtivesen drhep Mt ing rayi tre 30Fpaeducthion signal
non- magnetic region 308. As a result, as sown in 25

FI G403B, theremaddreath B outlputdl ffererpiabusigpal 401
signal, 400. The read/wite channel |IC 6 perforns

di f ferigmble LoD s il RERRS HH- Y 0cdSsFhg BNt R hEIG. 3C.

reproduction sjgnal 400, thereb enerating th

di ffer entiHt- 5418%0%1“%&?%%%*1?6? g?@)nﬁgad Read 30
processing, as shown in FIG_3C_FIG 4 ho
cas®AEe THE réid Fiead g2 —?ﬁ@%%sd%éégt%%% §88vo

posi t.j - r i S rne3

he TBrar] e L A A PR B 0 (P OF R TER2 and

reacdhepd 30, NAsERS AEAMANE | 8f tpd Ose b hersh Obhei Nekbeto
figure, it detects a change in nagnetic force between

t he ymgnetdr ragi e 30gerd, the do:aebs negekihger €gi on

308. As a result, as sowmn in FIG 4B, the read head

30 oudgnétsid hio repriosiicdeonthsigaghe500. region 307 and the
non-magnetic region 308. As a result, as sown in
FIG. 4B, the read head 30 outputs the reproduction
signal 500.

The read/write channel IC 6 performs differential
equalization processing on the reproduction signal
500, thereby generating the differential signal 501
suitable for signal processing, as shown in FIG. 4C.

The reproduction signal 500 is deviated in phase
by 180 degrees from the reproduction signal 400.
Accordingly, based on whether the phase is deviated in
the “+” or wW— direction, the CPU 7 can determine in
which direction the read héad 30 is moved from the
center of the track.

Furthermore, FIG. 5A shows the case where the
read head 30 passes over the positional-error
detection servo pattern 305 at the centerline of track
Trk2. When the read head 30 passes from the left to

the right in the figure, it detects a change in
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The read/wite channel 1C 6 perforns differentia
equal i zati on processing on the reproduction signal 15
500, thereby generating the differential signal 501
suitable for signal processing, as shown in FIG 4C
The reproduction signal 500 is deviated in phase by
180 degrees fromthe reproduction signal 400.

Accordi ngly, based on whether 2B®e phase is deviated in
20 the "+" or "-" direction, the CPU 7 can determ ne
in which direction the read head 30 i's noved fromthe
centmergredt itdhef drae koe thurrdrherh meg gifd G ¢ Sreghoms3®@ heand
case where the read head 30 passes over the
posittheomain-eragret2sc deseiotn o0 Ser Vs patteswl 8052 aitsete in
centerline of track Trk2. \Wen the read head 30

pas &S f ridm ttee 1 %gad thead i ro gL S e FeRe@uction

QST OISR Hs 2 b it | o S B by

ot IO 1 nd TR DR Ot & (FRE - B0 (Rt PacaREorential
ampi A TRy R fead R (itent oG 6 s
o o oY MRS SR A M B REee. “Shen the

read heady801PASEBSed ONEve NewROSsi thenNaba8r heAd 30 passes
detection servo pattern 305, 10 the anplitude and

phasgref tethe e orticdn O sit ghal dgeset abedsdyvo heateadn 305,
30 indicate the anount and
the amplitude and phase of a reproduction signal
generated by the head 30 indicate the amount and
direction of head offset, respectively. 1In the
embodiment, the positional-error detection servo
pattern 305 (306) is a null-type servo pattern.

When the read head 30 is positioned above the
centerline of a target track, the amplitude of the
reproduction signal is ideally zero. When the head 30
is away from the target track, the amplitude of the
reproduction signal is increased. Further, when the
head 30 is positioned at the middle point of the
centerlines of the target track and an adjacent track,
the amplitude of the reproduction signal is maximum.
The pattern at one side of a track centerline is
deviated in phase by 180 degrees from the pattern at
the other side of the track centerline. Thus, the

phase of the reproduction signal indicates the

direction of deviation of the head 30 from the track
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direction of head offset, respectively. In the

enbodi nent, the positional-error detection servo
pattern 305 (306) is a null-type servo pattern. 15
When the read head 30 is positioned above the
centerline of a target track, the anplitude of the
reproduction signal is ideally zero. Wen the head 30
is away fromthe target tratk,24 he-anplitude of the
reproduction signal is increased. Further, when the 20
head 30 is positioned at the mddle point of the
centcemnitierdsiraf. the target track and an adj acent track,
the anplitude of the reproduction signal is maxi num
The patt élsatcormesiided ofha reatkiereat eprrae fgtection

devi ated in phase by 180 degrees fromthe gattern at ,
25 (SHFE St RSt e de 6 4 He TIRRAAREMR | §HERA FheRrrepRonding

h f the reprod ' ' I, indicat th . .
i 601 (16 GOUGAL 0 ‘0T (TP heatPS0°d o LG Traekred in
24 terline. Al ' th L -
ot G0 GRS AP (1 106 DR S opr GHURL TAR SFgig) Bactem
A R R A e e ey

t he i${ivQ tPatd &f HRPE: i SIVRVEFro POSEY 1 HPSY - BRI PRase by 90
detection information indicating a positional error

devigiptdd s e iyr Uequlesseesrdrfi ophé heéracqphtedrn 305
fromthe servo pattern 305 is acquired. 10 Referring
thend addGrdy. a description will be

Referring then to FIG. 9, a description will be
given of the process of demodulating the positional-
error detection servo pattern 305 using the
positional-error detection system, thereby generating
positional error information PES.

The signal adjustment unit 704 performs
differential equalization processing as pre-processing
for the reproduction signals 400, 500 and 600, and
outputs the aforementioned differential signals 401,
501 and 601. The demodulated-signal generation unit
701 generates a demodulated signal having the same
phase and frequency as the base component of each
reproduction signal.

The amplitude determination unit 700 determines
the amplitude of the reproduction signal corresponding
to the positional error, based on the demodulated
signal generated by the demodulated-signal generation

unit 701, and outputs the determined amplitude. The
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gi ven of the process of denodul ati ng the positional-
error detection servo pattern 305 using the
positional -error detection system thereby generating
positional error information PES. 15 The signa
adjustnent unit 704 perfornms differential
equal i zati on processing as pre-processing for the
reproduction signals 400, 500 and 600, and outputs
the aforenentioned differential signals 401, 501 and
601. The denodul at ed-si gnal generation unit 20 701
genehatses e tehemmichd taiteed wsiignadl 0 hale et iree S aplee  phase
and frequency as the base conmponent of each

r eproddurdts orepsiaghidt 1oThes gt | tamter R @rdd Mt Font i t
700 determ nes the anplitude of the reproductio

si gPRs idgrrespGidiTy 5 ed Phe o Fen afe?%?'fgnal

b d th I d si I d by th

oGRS T &y GHEToR T =<l {5 7o SRR B B B

th t i ned | ituyde., The -.25

de;3 é&ﬁvﬁ%ﬁ%ﬁo‘iﬁ{ﬁ% ege(%eeizre%r?]lerlse? rébag%%se of the

repr OdUCtéé)sgbé' &paéhéoéé@éﬁ%@ganggl%{‘@de POsAtHAB8L, the
ated signha b

error, based on the denodu gener ated by

t he M&I@&ci%&%i@% adbu il tt19e 79dsiN@nal error

out puts the determ ned phase. Based on the determ ned
ampliduge @k phiasieal 1dwer o Phe ttadiplbat infotitdt idOB of the

conputes the positional error value (positional-error

det extddrhdad dimthan)owfpite theadepreadu8Oiohasignal.

out puts the reproduction signal.
Further, using both the positional-error detection
information items concerning the positional-error
detection servo patterns 305 and 306, the PES
computation unit 703 computes, from the difference in
amplitude, an absolute positional error value with
respect to the centerline of the target track, and
computes the direction of movement from the difference
in phase.

Furthermore, the PES computation unit 703 can
acquire a positional error only using the amplitude
determined by the amplitude determination unit 700.
Specifically, the PES computation unit 703 acquires
positional errors posAB and posCD concerning the
positional-error detection servo patterns 305 and 306,
respectively, and computes, from the difference
therebetween, the positional error with respect to the

track center.

As described above, in the embodiment, the
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10 Further, using both the positional-error detection
information itens concerning the positional-error
detection servo patterns 305 and 306, the PES
conmputation unit 703 conputes, fromthe difference in
anpl i tude, an absolute positional error value with 15
respect to the centerline of the target track, and
conmputes the direction of moveaent-fromthe difference

in phase. Furthernore, the PES conmputation unit 703

can acquire a positional error only using the

anplddsude or2( -chet ray i ahetce doyi drhes earpd ipadeerns 305 and 306
determination unit 700. Specifically, the PES

conpft dtheorsamia OBl if ¢ esre pheinednaf »wkbrsyposa@rvo
and posCD concerning the positional-error detection

ser \RR g ns Hobs #rpBoss thedprgre vt yreghens included
computes, fromthe djfference 25 t herebetween,  t .
posilth dif SHFH HFIPD e Pecto tAFTHRY W%%’ka%h%ﬂfif Ag% of
desq{ibed abov ,tin t he enbodi nent,_ t he %6 ¢

posi t1omH S erort et Tet Yo SE VY pATETHE 305 ant 306

of VO I eg r ; nul | - v

pat F e W ke e Qi IR Ble S8 R HRER B8 (Prom

i N ther [erMey o e B00hd 0 ACHHPYe SYbSt Ao | ahd Y 9O% O vo

5 the area of the servo region. Accordingly, the
per gaitage QoddionBanethe segionsedsomrgyented from

di ffering between the preanble portion and the servo

pattern pmiis aveimgt e, sehyose£gdbotdaBAOtransfer forming
process in the patterned-medium manufacturing process
can be made simple, which enables a stable servo
pattern signal to be acquired. As a result, the
positional error of the read head 30 in a target track
can be accurately measured, whereby highly accurate
head-positioning control can be realized in the disk
drive using the disk medium 1 of the DTR structure.

As described above, in the disk medium of the
embodiment, the positional-error detection servo
patterns of the servo region are formed of null-type
servo patterns, which enables stable transfér forming
to be utilized to embed the servo patterns in the
servo region. As a result, the servo patterns can be
made uniform and highly accurate.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to

the specific details and representative embodiments




This being so, the servo data transfer formng 10
process in the patterned-nedi um manuf act uri ng process
can be nade sinple, which enables a stable servo

pattern signal to be acquired. As a result, the
positional error of the read head 30 in a target track
can be accurately neasured, whereby highly accurate 15
head- positioning control can &/ realized in the disk
drive using the disk medium 1 of the DIR structure.

As described above, in the disk nmediumof the
enmbeiomantand ke sposittedo e redrr.or Adetaactingl werwarious
patterns of the servo region are formed of null-type

20 seid igattienss mashikeh maskh v bl de R Ehist@rffom the
formng to be utilized to enbed the servo patterns in

t he SPeRIE C&gissiPPead fa thes iane e Jsrb‘fex}'btlp‘é%)t%‘?rh%e%%nas
be nmade uniform and hi ghl ccurate.  Additional.

v aTeages! Hia SRsARRET sk A S 2514 o Btiatents-
those skilled in the art. Therefore, the invention in
its broader aspects is not limted to the specific
details and representati ve enbodi nents - 27 shown and
descri bed herein. Accordingly, various nodifications
may be made wi thout departing fromthe spirit or
scope of the general inventive concept as defined by
t he appended clains and their equivalents. 28 WHAT | S
CLAIMED I'S: 1. A magnetic di sk nmedium used as a
recordi ng
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mediumin a disk drive and including circunferentially
extendi ng tracks, conprising: 5 a data region forned
over the tracks and including non-magnetic guard

bands which isolate each pair of adjacent ones of the
tracks; and a servo region with servo data recorded
therein, the servo region including a servo pattern
which is 10 formed of first r&yi ons effective as
magnetic regions, and second regions ineffective as
magneti c regions, the servo pattern including a nul
servo pattern used t@Hdet gst cappoEDt ignal error in
each track. 2. The magnetic di sk nmedi um according to

15 cl ai mll, dhewasjrretvier tdicsit mm@hmime@mdanlgec@mdb@g
perforned in the data region and the servo region.

The meggmet iie & sk stedlwimieacast ding udbing mﬁqumw@%ﬂﬁlly
the first regions occupy substantlally 50% of an area
of & PV AT, FURELSFHY ragnet i ¢ disk medi um

di I 2 the f
Substan- & 853 it PG Rk e dn B
Th d k nedi
© STRANh G, ASHCIRAAT ACREnA A0 GHA R LisINRLE Lacn

t he 'servo r%bl udes a

syn?}1 inoz?%hchhe ah ,{ Rald e L seed 1,9, and, an address pattern

sec servo pattern 1s i nt erposed

bet ween thesadeds 655y RAL L] th SEEEy O to8oHaé@ 2Rerein,

regi on, and has positional-error detection pattern
the servo region including a servo pattern which is

formed of first regions effective as magnetic regions,
and second regions ineffective as magnetic regions,
the servo pattern including a null servo pattern used
to detect a positional error in each track.

2. The magnetic disk medium according to
claim 1, wherein vertical magnetic recording can be
performed in the data region and the servo region.

3. The magnetic disk medium according to
claim 1, wherein the first regions occupy
substantially 50% of an area of the servo region.

4, The magnetic disk medium according to
claim 2, wherein the first regions occupy substan-
tially 50% of an area of the servo region.

5. The magnetic disk medium according to
claim 1, wherein the servo region at least includes a
synchronization pattern section and an address pattern
section, and the null servo pattern is interposed

between the address pattern section and the data
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sections, phases of the positional-error detection
pattern sections being radially displaced by 90
degrees. 5 6. The nagnetic di sk nedi um according to
claim3, wherein the servo region at |east includes a
synchroni zation pattern section and an address pattern
section, and the null servo pattern is interposed

bet ween the address patterm se¢?ion and the data 10
regi on, and has positional-error detection pattern
sections, phases of the positional-error detection

pat tregrd osectarsh aseinas Italdirea 1 e thi s | drfear hijomrattern
degrees. 7. The magnetic di sk nedium according to 15
cl ais@ctiomngrt wdra sl sihgy Pav%loﬁﬁqrrﬂﬂo-@r%@rfgﬁ%ctlon
regi on interposed between the servo region a th
dat&%ﬁ&ﬁQﬂmsgﬁtkﬂﬂ§rﬁﬁﬁﬂﬁi%?qﬁ%ﬂ&¥n§ﬁ %ﬁﬁéﬁ%ﬁngoto
claidm?i,e further conprising a continuous nmagnetic 20
r egi°6i? 5i%t°%er posed between the servo region and the

data region. 3, The, Bonety £ di pky Ml YmacgoRgi pg to

clain153 ‘urt’her conprising a contl nuous magnetic
regidan irnter ReRed RetMeensdhe Sy o et ONe2dd 1he1udss a

data region. 10. The magnetic di sk medi um according to

cl aigiinkh IRl H1 S S e rLgtOTon San@rdamdadidkes@npddtern
section, and the null servo pattern is interposed
between the address pattern section and the data
region, and has positional-error detection pattern
sections, phases of the positional-error detection
pattern sections being radially displaced by 90
degrees.

7. The magnetic disk medium according to
claim 1, further comprising a continuous magnetic
region interposed between the servo region and the
data region.

8. The magnetic disk medium according to
claim 3, further comprising a continuous magnetic
region interposed between the servo region and the
data region.

9. The magnetic disk medium according to
claim 5, further comprising a continuous magnetic
region interposed between the servo region and the
data region.

10. The magnetic disk medium according to

claim 1, wherein the servo region is formed like an
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arc which coincides wwth a | ocus of a head incorpo-
rated in the disk drive, and a |l ength of the servo
pattern in a circunferential direction is varied al ong
a radius of the magnetic disk nmedium 5 11. A disk
drive conprising: a magnetic di sk nmedi um provided wth
circunferentially extending tracks including a data
region forned over the tracks 3%d a servo region wth
servo data recorded therein, the data region including
10 non-magnetic guard bands which isolate each pair of
adj scentwiongs afindiedds acksh 4 heoses vof reghead incorpo-
including a servo pattern which is fornmed of first

r egi At efifrecitiered sk mbighed i can@ g ohengtihdoSeklbadservo
regions ineffective as magnetjc regions, the servo is
pat At § 5t I iihF B Hnfe s v bat t e At Lo dl £ ovaEL BEt 21009

a positipnal errqr in each track; a head which records
26 GAC 6 i TS C (5T (ReThlBhet i ¢ df Sk
medi um a controller ] s positioning
contr ol a‘]gg'of'zgt %§gé%§l %Qgég%gféigéfvo pattern read

by the heady, dram L he: SETHOA16A1 BP0y IdeaThecdi sk drive

according to tlarm 11, erein vertical magnetic

r eC Qi it g £k D81 DI O kh 3 DRy LhEa ERGNEEECudi 8K a data
medi um and the head includes a 2S wite head capabl e

of ueididral fomenetd e F egns ot Fgcks land Thesdb ek degven with
according to claim1l, wherein the first regions
occurwubittantiedd &b lodrein, the data region including
non-magnetic guard bands which isolate each pair of
adjacent ones of the tracks, the servo region
including a servo pattern which is formed of first
regions effective as magnetic regions, and second
regions ineffective as magnetic regions, the servo
pattern including a null servo pattern used to detect
a positional error in each track;
a head which records and reproduces data to and
from the magnetic disk medium; and
a controller which performs positioning control
of the head based on a servo pattern read by the head
from the servo region.
12. The disk drive according to claim 11,
wherein vertical magnetic recording can be performed
on the magnetic disk medium, and the head includes a
write head capable of vertical magnetic recording.
13. The disk drive according to claim 11,

wherein the first regions occupy substantially 50% of



- 31 an area of the servo region of the magnetic disk
medi um 14. The disk drive according to claim11,
wherein the servo region of the magnetic di sk nedi um
5 at least includes a synchronization pattern section
and an address pattern section, and the null servo
pattern of the nmagnetic disk nmediumis interposed

bet ween the address pattern-se&tion and the data

regi on, and has positional-error detection pattern 10
sections, phases of the positional-error detection
pat tegy mrsectdonsheeiany e atk @iy of spreacetymyt Do disk
degrees. 15. The disk drive according to claim 11,
whem&idi Uhe magnetic di sk medi um further includes a

15 conti nuous magnetic region interposed between_the
servo regidn éWHEt%%ﬁﬁa?%%Y%g?%ﬁ?rdfng to claim 15/

wherein the servo region of the magnetic disk medium
at least includes a synchronization pattern section
and an address pattern section, and the null servo
pattern of the magnetic disk medium is interposed
between the address pattern section and the data
region, and has positional-error detection pattern
sections, phases of the positional-error detection
pattern sections being radially displaced by 90
degrees.

15. The disk drive according to claim 11,
wherein the magnetic disk medium further includes a
continuous magnetic region interposed between the

servo region and the data region.



