TI TLE OF THE | NVENTI ON ALTERNATI VE DC- BURST SERVO PATTERN FOR PERPENDI CULAR
RECORDI NG BACKGROUND OF THE | NVENTION Field of the Invention This
invention relates to a magnetic di sk apparatus for recording the
information, and particularly relates to a nagnetic di sk apparatus that
uses a perpendi cul ar magnetic recording nediumthat holds the data by
means of the magnetic information of the direction perpendicular to the

| ayer surface. Description of Related Art In the conventional disk

appar at uqqu@g@ﬁEimu]%?gﬁgjﬁ noved in the radial direction with respect

to a rotating magnetic so that the nmagnetic head is positioned
accurately at ALTBEROATIV@RDE-BURSK SERMOFEITERRFOR PERPENDICULLAR and read
magnetically. A magnetic disk has a servo area for positioning a nagnetic
head to RHC@RBRINGne exanple of a servo pattern recorded on a servo area
Is shown in FIG 18. A read elenent of a magnetic head reads a servo
pattern fromleft to right relatively in FIG 18 with rotation of a disk.

The serv ’E@I? mgﬁlﬁ %JKF rea on which the track nunber
i nf or mat ;hon Eo}rﬁ 0 ta?%lﬁ%ﬁapere head position signal on the entire

di sk surface apgdidnfling Rivetigp@ for obtaining accurate position information
on each inside track. The burst area conprises a pair of A-burst and

B- burst and a TPas invehtic telmestio anchgRetiuidisk appaesrasfor rgofdib@thedhfbyativr, And he
track width. The pair of A-burst and B-burst is disposed with deviation of
a hal f ofagiculagy kelaiegitorn magnetic disk gpparatys that psasatpemreadioulan magnetittresording

structure_ i,s sjmlar ,ta the technjigue disclosed i.n JP-A No..h 222468/ 1983,
2nd "t i s e Pt st ot B b 5 it Ense S P EaE i p b st et pepicular
Furt her mgy @ie 1dyREsuitfic¥O pattern has a continuous pattern called as preanble
area to reducé the effect of magnetic characteristic and floating of a
di sk. Furt her nbeseriptitrhef Related Aplat t ern has an address nark area to detect
timng of end of the preanble area and tinmng of start of the track code
area and f ol | JRithrrcomxentiongl disk apparags, 3 magnqticdgadisvedved in s radialsireation wigh
position e req R FlG .18, .For sinmplificatjon, read
wavef or mre%{)eclt E)ea ado r"ggégﬁﬁé d%? gégﬁ]gt]@e W%Eﬁl%gﬁfg Hpesit r%d 8ﬁ‘f'{r$t§i(¥. at 3&},‘32&
anpl Irr;[) llldﬂﬁa ﬁfgclg?ﬁbﬁlglﬁtinfoemﬁli&% WritRh Gnd KadBhdghetledly. USRaleR MK fadd8eRb
preanbl e, an e

area for positioning a magnetic head to a track. One example of a servo pattern recorded on a

servo area is shown in FIG. 18. A read element of a magnetic head reads a servo pattern from left
to right relatively in FIG. 18 with rotation of a disk. The servo pattern has a track code area on
which the track number information for obtaining approximate head position signal on the entire
disk surface and a burst area for obtaining accurate position information on each inside track.
The burst area comprises a pair of A-burst and B-burst and a pair of C-burst and D-burst
repeating alternately with the track width. The pair of A-burst and B-burst is disposed with
deviation of a half of a track width from the pair of C-burst and D-burst. This structure is similar
to the technique disclosed in JP-A No. 222468/1983, and this technique is applied to magnetic
disk apparatus popularly. Furthermore, the servo pattern has a continuous pattern called as
preamble area to reduce the effect of magnetic characteristic and floating of a disk. Furthermore,
the servo pattern has an address mark area to detect timing of end of the preamble area and
timing of start of the track code area and following pattern.
FIG. 19A is a read waveform obtained at the position of the read element shown in FIG.

18. For simplification, read waveform of the address mark area and track code area is omitted.

Burst amplitudes of A-burst to D-burst are normalized by use of amplitude of preamble, and the
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anplitude difference between A-burst and B-burst shows N position signal.
Simlarly the anplitude difference between C burst and D burst shows

Q position signal. FIG 19B shows the change of N-position signal and

Q position signal. As shown in FIG 19B, N-position signal is equal to O
at the position where the read el enent extends over A-burst and B-burst
equally, and N-position signal varies approxinmately in proportion to the
deviation fromthe position. The servo circuit controls a rotary actuator

13 with targetin he sition where osition.signal i.s adjusted to O so
Lhar the. SBRLAC Grlefiiel B bertR bl i BRGSh o b Nopd ghncsignal sl the

222468/ 19 . | . 7 : . Pat It erature
3 3pon NaPR SBsphb AP C et i 2B I HoRRAR inh L PO LI By the
magneti ¢ gliasifle 8PRGosItibR sighatand Qﬁﬁ@diﬂioxbiiénal.' AssREWR th PIT;. 3 9BBEI0Sstfondighal 1 th
smal | er magneti zation pattern. Furthernore, it is required that the forned
smal | bi tequahteilat thst isitenfwirerathk ocagl dlément eXteadpevep dnblirstdrdrB-bagneduatly, and
recordin systemis a recording systemthat uses a perpendicul ar di sk
conpri si g@-wsmawmﬂéfaaﬁs PIrREBALH PrORRIERD tooihp ﬁlgvxatwreﬁgly th pesitiond Ehes of t

| ayer perpendi.cul.arl and thi em. s_advapt ageous i.n that . stronger
nmagneti c Hoecarcggﬁog%dlﬁgﬁ@?%a ﬁ’aﬁﬁﬁédﬁ}:}gﬂ% fé etH%Si(lﬁHB ST Fﬁqs’éﬂ?&ls‘@g@?em
because tSb 10 %%%&&B&?B?ﬁ%&éis%&@e ragnetic field of a magnetic head.
The generated strong recording nagnetic field allows us to use a recording
| ayer with hi giPateaeliterstutey]: JRAANoh222468€19881 ng | ayer with high coercivity
allows a snmall bit to be nmaintained stable. Furthernore, the perpendicular

magnet i ¢ r ecor &ategt bijeratarg 2: P Nen2HYS4(ZH02n that smaller bit reduces
demagneti zati o u 0_.adj.acen i .S stable, and the snaller
magneti zati on %&%Pgrrllﬁer Qﬂ‘? %gﬁ}* Bﬂ%nii"@&“@ the nore. FIG 20 shows
reduction of anpkid W dve® %éilhg}ﬁfileﬁab aBhci Gt UAREpPIaRA L i
recorded by nmeans of the per pke)n I cul ar gfrcagn(gfﬂ zation r eggﬁﬂ?ng sys?’gr%]ll bt
Her ei n, tihérmed ondimugnetitadisit with sthallea neagmetidasioy patesn.cBirtheemors itigheqaired that
densities of 1 OKFCl . 90kFCI, and 120kFCl. In the perpendicul ar nmagnetic
r ecor di nghe{psmedsmalh bitresaips stable for mlgnaiims; (e peperdisulanmagrgiicireensdingt he
nore as shown .in Fl G. 20 . A-burst of a servyo area is.disposed so.as tQq.be
cur r oundad g 158 resping Qe Bples SperPeRBrle PUCRriiel AR PR rbiiing
density qgyerBaAREah Sy bdis bndk 5SH 1a§8Petpentiftulat(E and Ghis ERHGH is Jdk}&l@g%bs fritlgx Of
the servo pattern decreases with el apsed tine"in the case that he
convent i ctrahges enagneticafiled can beganerdtetinwioniparigineritinthe coovdmitiGnallsystem tepplseed
to the perpendi cul ar
P tﬁg sor}tdfaygr concentrates the magnetic field of a magnetic head. The generated strong
recording magnetic field allows us to use a recording layer with high coercivity, and the
recording layer with high coercivity allows a small bit to be maintained stable. Furthermore, the
perpendicular magnetic recording system is advantageous in that smaller bit reduces
demagnetization due to adjacent bits and is stable, and the smaller magnetization pattern can be
formed easily the more.

FIG. 20 shows reduction of amplitude with elapsed time of a magnetization pattern
recorded by means of the perpendicular magnetization recording system. Herein, the recording
density shows exemplary respective recording densities of 10kFCI, 90kFCI, and 120kFCI. In
the perpendicular magnetic recording system, the lower recording density reduces the amplitude
the more as shown in FIG. 20. A-burst of a servo area is disposed so as to be surrounded by a
DC-erasing area, and therefore includes a low recording density corresponding to 10kFCI shown
in FIG. 20. Hence, the amplitude of the servo pattern decreases with elapsed time in the case that

the conventional servo pattern described with reference to FIG. 18 is applied to the perpendicular
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2 magnetic recording system The servo area cannot be restored by rewiting
after shipnent because a special sequence is required for recording the
servo area. Furthernore, only the nagnetization transition portion
generates | eak magnetic field in the conventional in-plane nagnetic
recordi ng system on the other hand the magnetization pattern itself
generates | eak magnetic field in the perpendi cul ar magnetic recording
system In other words the DC- signhal conponent generates |eak magnetic
field extraordinarily, the extraordinary |eak magnetic field induces bias
field on MAgnedisreqopding gystam.cThestava e panmebbe ntored byt iswribing sftposhipmentt a

r ead elenﬁ%% and wr t he gerfornance becones poor.

df | t. . h |
To avoid USeH %’5@%%%9%63&2{%‘8@%%&%8&%%&5Ff‘grﬁo BAsity pattern is

witten before [ﬂ]ﬁh : . f .
DC-signal is pr@é@%ﬁ’ﬁﬁ Pﬁ% aﬁﬁ%ﬁ%&ﬂ) %@gﬂgé@eﬁ%& ]t(Efa %]I @%é%é?ltcefé dnfnque
the ef f ecthe @bnVeGtich-l MRplaf@mabieticeeuirdidg sfmm,tchﬁh%ﬁﬁﬁ hardSthe ia@aéti24Goh O
only a partial area covering approxinmately 10 to 30 % nanely the residual

ar ea obt apatterh itsglfpehemins tdak gnagnétie fidldiidthe fperpendicular mhgmatictredording aydterac kn
pitch, in the ser %I\évcriie process. FIG 21 shows rel ation between recording
t

density affaeToVe signglrompengit ganerates leak magneti eld sxsrardingribytheem  The

| ower the ol ' S 1 ren.the overwite is. LS . see
that the TORORLAT kBB e ialFes R g b MBI bpbre ead o s bh 858, o
servo pathgbias poiRs6f d 1264l eldhkht ndWaTE Blefich® Ad fife rdRltitRe fRIrn&fketRcbies poor. |
per pendi cul ar magnetic recording system the nmagnetic head is deficient in
write perToavmdiths disalvagage b eachnifjoe thetltigh density petteraisivriten befdre axeingepattern
conponent, of a, di sk jncreases to deteriorate theggositioni ng@accuracy.

"Servo paf fEPHlego reducethe glfgchof DC-sigpal is propeseddn J B Ngt 230988/2802 x Asgairding

shown in M | Lnaftern. SGI i . her ei nabove,
conb! nat B HeeRnile e dErATIC MEfal AR L ROCEE b B3 oAEAGS PR FRERIEE
recor di Ngpasiy: hﬁ@c_ﬁ@@ﬂxgtapﬁfoﬂifﬂﬁélyﬁ 046/30 %6 RaBblyanPlesidusiaudd JHtifd RS Sbtrabtide
in the low recording density situation, generation of extraordinary bias
fi el d dudhe widtibef 8 mgiteélemenyfoome atrackpitchd af theisenvb write peocess. DC- si gnal

conmponent. As esult, only the magnetic disk apparatys with | qw
reliability is Eé‘oi/ll oS refgl eqnfecqrdigg depsity; qnd avervagigip the Pemendichiar

o0 PRGRISRES B L HREREL AR JET  BB I B A
recor di ngeelethai thy 10w rdcoaling demsiap IsTgrmiddaa daficBitR T thdlcdnventiohd! sefeSPatitmg t O
this described with reference to FIG. 18 is applied to the perpendicular magnetic recording system,
the magnetic head is deficient in write performance and deficient for saturation recording, and
noise component of a disk increases to deteriorate the positioning accuracy. “Servo pattern of
first example” and “servo pattern of second example” shown in FIG. 20 will be described
hereinafter.
As described hereinabove, combination of the conventional servo pattern and
perpendicular magnetic recording system cannot prevent reduction of amplitude with elapsed
time in the low recording density situation, generation of extraordinary bias field due to
DC-signal component, and deficient write of DC-signal component. As the result, only the
magnetic disk apparatus with low reliability is provided.
To solve the problem, it is required that the servo pattern does not include low recording
density component. JP-A No. 150729/2002 proposes a servo pattern having a built-in dummy
bit with high recording density on the DC-erasing area as shown in FIG. 22. According to this

technique the component of frequency included in a servo pattern is increased, and the stability
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t echni que the conmponent of frequency included in a servo pattemis

I ncreased, and the stability 3 of a recording pattern and overwite are

i nproved. However, the noise generated fromhigh recording density
magneti zation is superinposed on the read signal of a servo pattern to
cause deterioration of the positioning accuracy. A servo pattern having a
dummy bit frequency of double fundanental frequency is recorded, and the
track code detection performance is neasured. The result is shown in FIG
23. The d i {i f,ar .of trac ue to co nt , caused
From magniyd ey e fian bl St EhE iprlsC HoROG, 014G e RARATRPL B o
whi ch t herebg@ppteRsityBRgctivation i95@REMpolQ SPIhY ?céd@?grﬁpefvz%é??@%ét%ﬁ?% cause
probl em devel opnent” of "a new technique to realize a nmagneti 'S

appar at usddieridratipreo fitheposititmirg sveomacy. Aapaoi fatemfhapmippadainy bitfreqagmgtof c
recordi ng system and having an easy-witable and excellent SIN servo
pattern ofﬂOlélQa@Pémn@ﬁ@ fregpency hnrecorded, andshe werk codpNetRMicOpeTiaFmANZENTI ON The

present inventi.on.has heen acco ished to solve t above- penti one

bt b om Ao sl FEeRE B RO o7 T fersordtion alior? R of ek <00 due o
per pendi ¢ | 1130 ' - Sl - .

! tded (e eaRed fonf FBA AR o By, HEk e steL IR nhdios on
and negatwhieh iKe-rat@gdink demsid it highsum of nagneti zation of the DC-signal area
is equalized to 0. Herein, the sumof magnetization of one DC-signal area
i n whi ch posi t ilesobe-the aheak-mantionetprobles, Devaomnert ofia eewadtdhnique tuittatizemy be

equalized to Q, .or otherw se the sumof nagnetizatiqn of lurality of
DC- si gnal MagRels dﬁ&fp%atg%%‘fm&%ge?’ﬁn URATRATRATH CBRACT ?E?@ﬁ‘&ﬁc‘ﬁ%‘@%@%ﬁpri ses
any one asi sdak! rgtg{ .
corrpensa?{e %Jn}a ggygﬁg%ngé‘qﬁghﬁg%g SO gltse a%ég eg'c%lg 76 t ﬂ’éﬂahtrgn&o Bl long life
magnet i zaias ®Bert desfted.Accor di ng t o anot her enbodi nent of the present

i nvention, DC-signal area included in a servo pattern conprises a
bur st -si gnal having a deviated phase so that the sum of magnetization of

t he bur st rn is equalized to 0. Herein, the output
of the btﬁmgg{iépm‘?Wmans of Fourier transfer by setting phase
devi ation to 9§ydaa&8$nwhtidRastRoh G&mpisha BisBle e 20! ' :
DC-signal area in? Sﬁgd In a servo pattep?ﬁﬁ) cor?pr ieses en‘%e dlggg%}gﬁoggﬁ{si ty
durmmy bi tand prdvidds atsheropatterafthardgsuitable £oi tha perfpeidied aignagnetic estordifg SGteb.i Ihed

to 0. Herein, the recording density of the dummy bit js_preferabl%set to
2/ 3, 1/ 2, detail, DC-signal area inchided in the sérve pattem comprises combination of positive DC-signal

and negative DC-signal, and the sum of magnetization of the DC-signal area is equalized to 0.
Herein, the sum of magnetization of one DC-signal area in which positive DC-signal and
negative DC-signal are both included may be equalized to 0, or otherwise the sum of
magnetization of a plurality of DC-signal areas may be equalized to 0 wherein one DC-signal
area comprises any one of positive DC-signal and negative DC-signal. Furthermore,
compensational signal may be used so as to equalize the sum of magnetization to 0.

According to another embodiment of the present invention, DC-signal area included in a
servo pattern comprises a burst-signal having a deviated phase so that the sum of magnetization
of the burst area of the servo pattern is equalized to 0. Herein, the output of the bust area is
detected by means of Fourier transfer by setting phase deviation to 90 degrees or 180 degrees.

According to another embodiment, DC-signal area included in a servo pattern
comprises embedded low density dummy bit so that the sum of magnetization of DC-signal area
is equalized to 0. Herein, the recording density of the dummy bit is preferably set to 2/3, 1/2, or
1/3 the recording density of a preamble signal area.
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1/3 the recording density of a preanble signal area. 4 Furthernore, the
address mark area and track code area of the servo pattern is encoded wth
recording density of 1 /2 to 1 the recording density of the bust signal.
Herein, phase shift encoding system or di-phase encodi ng system may be
enpl oyed as the encoding system of the address mark area and track code
area so that the sum of magnetization of the entire servo pattern 1is
equalized to 0. The bias field induces jitter noise due to non-I|inear

transition shift or easy/difficult shift en a servo pattern is witten.
Furt her nor e, t&@“ﬁ?rﬁ?“?’?{éq ﬂfdﬁ‘ﬁfrﬂl‘é%re? Aad Bg‘g‘s“%‘ﬁiama of theservopptten) ig gasndedhen

a servo \F}gi;tl]i flcBrd e&e%?l 0 {}g 1d hﬂ{eergélorhiﬁgggxﬁsétga&f%é. lgl}ég?lg&ﬁy éiﬂ,%/qlllggé’ ticfliﬂ of

read waveform sent i nventron p s a servo~pattern

correct idhchdink Bt dr @iashasé hcoliRadyst@n ndyesd drgSiSyd RitllecdRRE sl MeBARRL | C
di sk apparatus with high track density. Furthernore, according to the
present iaddess merk ar¢dvndltoik soderapcamodhat ghakmnso firpagiketisation of theahtirrserveepattos:

i nproved and the overwite perfornmance can be inproved while the highest
recor di ngs B@##izedtoiks mai nt ai ned at the sane density level as that of the

conventional servo. patt.ern. The present invention provides a seryo pattern
that is easy iﬁﬁgg{aﬁﬁgtdi 18%“%%8@?(]1%% dﬁﬁ&f) n%kﬁ%ffalrgrﬁ?gﬁ“ﬂ‘%qf or %ﬁ?&&’fﬁﬁ?ﬁg}é‘b a
hi gh- capagi Slgp,g,r}%' di IS reM b PRIV nor e,
deterior gﬁ%ﬁl of r e?ﬁulg%gﬁgt | zat ?f)é;lm%]?% @%géﬂﬁéi‘ ?%g&écsa{ﬁ “-geolf%tn@a%lr
suppr essedennt when eaaivo patidra id eadahd tlegebydndged amplitide aéynimeigy eosftiit&d N.
The present invention provides a servo pattern that is excellent in S/N
even af t e¥avefoams dhefpressnignygntien provides g sexveornstiemythatds corrrt indtithingeand gasy to
magneti c di sk ratys that is reliable for |ong,ti. According to the
present i’ eﬁ?@geﬁﬁz?ﬁg"%ﬁ?pgflwa%%c%ﬁﬁaé’ﬁara*ustvﬁg‘ ]?égﬁ Ff’%k EFVG pattern
can be equal i ZpGrikedmre, ADrdifRg ¥ the Pl @ﬁtr?m%ﬁw,%@ro%%nfecdramg%g@@kdffsgm

recorded on a perpendicular nagnetic recording type nagnetic

t her eby gatimesay HaGngirgred|and drepoeemtite peeformads casbe mxproeal whitethy highast i el d
on a magneti ¢ head, As the result, deterioration of performance due to

bi as fi eléFording Aesiyiemaintgigedat tesamerensly leyel asthaf KERoREpRA Seryo
e T TG RSRIAE8 4 R R R BB Sl RST
nmagnet i C edéciknFiRIBAN drdrealizes a high-capacity magnetic disk apparatus with high track density.

Furthermore, deterioration of residual magnetization with elapsed time can be
suppressed by increasing the lowest recording density of a servo pattern. The present invention
provides a servo pattern that is excellent in S/N even after elapse of long time at high
temperature, and realizes a magnetic disk apparatus that is reliable for long time.

According to the present invention, the sum of magnetization of the entire servo pattem
can be equalized to 0. The servo pattern of the present invention is recorded on a perpendicular
magnetic recording type magnetic disk to thereby suppress DC-signal component that induces
extraordinary bias field on a magnetic head. As the result, deterioration of performance due to
bias field is prevented.

BRIEF DESCRIPTION OF THE DRAWING

Preferred embodiments of the present invention will be described in detail based on the
followings, wherein:

FIG. 1 is a diagram describing the structure of a magnetic disk apparatus;

FIG. 2 is a diagram describing the structure of a magnetic head and relative relation

between the magnetic head and a magnetic disk;
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FIG 2 is a diagramdescribing the structure of a magnetic head and
relative relation between the magnetic head and a nagnetic disk; 5 FIG 3
is an enlarged diagramof a portion of the magnetic disk; FIG 4 is a

di agram descri bing the | ayout of the servo area and data area; FIG 5 is a
di agram descri bing an exenplary servo pattern in accordance with the
present invention; FIGS. 6A to 6E are diagrans describing a nmethod for
witing the servo pattern of the present invention; FIG 7 is a block

of "he. pr esent NGRS AR It e Ghe SrdEEs  bi g the o
structure of aFEIYR AREAIAAGIHHLIRIAREL nk WAEThIQTd BhiFSies0A, and OB are

di agranms describing a nethod for e trac rom ’the read

wavef orm of t h&IGes s diagrirdes@fbinigien le@fhity sérvy hitdra i adcbfdandOwith tie
di agram descri bing an exenplary servo pattern of the present invention

havi ng Dreseatinngntineas each one of witch conprises two positive

magneti zati on djrecijons and, two negafive magnelization directions; FIG
11 is a diagr a%légs@l‘% @reékw%ﬁiiﬁce@ﬂlaa%g@%“mm@n}ec ssrea paftern afjidat i on
havi ng - Lng: areas each one of which conprises one magneti zation
directi o%;e‘%ﬁé%&%g]o?ls a diagram describing the relati on between the servo

pattern of the FpGEPRMAblodkMiBHhRs@ Hind e fiRtivhal sRALEre¥iH Aagfetit lafs%(rmgnet ic
head; FIG 13 is a diagram describing an exenplary servo pattern of the

present iappamatisof thequesenf isvengionhe first burst area and second burst area
havi ng phase c onents that are different 180 degrees each other; FIG 14
is a diagram d%ﬁf?ﬁi%@%%‘%&?&%&fﬁ sgvordseodsr e thetpresantent i on
conpri si qgv%nﬁ% first burst area and second burst area having phase
conponent’'s at> are different 90 degrees each other; FIG 15 is a diagram

e 100, FROPE A A oy YO A Bt CORS,
t he fi rstthdread waveform of the servo pattern of the present invention;

FIG. 10 is a diagram describing an exemplary servo pattern of the present invention
having DC-erasing areas each one of witch comprises two positive magnetization directions and
two negative magnetization directions;

FIG. 11 is a diagram describing exemplary servo pattem of the present invention having
DC-erasing areas each one of which comprises one magnetization direction;

FIG. 12 is a diagram describing the relation between the servo pattern of the present
invention and the return pole width of the magnetic head;

FIG. 13 is a diagram describing an exemplary servo pattern of the present invention
comprising the first burst area and second burst area having phase components that are different
180 degrees each other;

FIG. 14 is a diagram describing an exemplary servo pattern of the present invention
comprising the first burst area and second burst area having phase components that are different
90 degrees each other;

FIG. 15 is a diagram describing an exemplary servo pattern of the present invention
comprising the first burst area and second burst area that has 2/3 the frequency of the first burst
area;

FIGS. 16A to 16C are diagrams describing the read waveform of the burst area of the

servo pattern of the present invention;



area; FIGS. 16A to 16C are diagrans describing the read waveform of the
burst area of the servo pattern of the present invention; 6 FIG 17 is a
di agram descri bing an exenplary servo pattern of the present invention
having the track code area of di-phase code; FIG 18 is a diagram
describing an exenplary servo pattern of a conventional nmagnetic disk
apparatus; FIGS. 19A and 19B are diagrans describing a nmethod for decodi ng
the position signal fromthe read waveform of a servo pattern; FIG 20 is
a di agram descrd;pi ng. t he reductign of the )l itude with el apsed tine at
vari ous recordiFlr@‘ Egﬁﬁ (ﬁ%m’ﬁ%ﬂg’iﬁg@%i‘empi%?é?ﬁvﬂé’%‘?rpﬁ' Hg RreRent imveRtiogn
bet ween tpe; a]WalTaTeN e Xa LY Mi-@ﬂ%e%ﬁ&é-v‘“te performance; FIG 22 is a

di agram describing an exenplary servo ’_pattern that uses high frequency
dumy bit in a RGNVt dsghmRgRBinCartb@tphidp 3&@b patterd 08 a EbivenBSndl Snadnetic
di agram describing the track code error that occurs when the servo pattern
havi ng t hdishagpardtusequency dummy bit is used. DETAI LED DESCRI PTI ON OF THE

PREFERRED ENMB NTS Enpodi ments of the present invention will be :

described in %&5 l%i"g) Pﬂi* frEd1agrams é?sélfl grdecthesd fos deending theg positien sigpalt |

an exenpl | ¢ _di sk and magnetic di sk apparatus that
5% L EAE BBl o B9P Bl

are conmmon Iments de ereinafter will be described. FIG |
is a schemati ¢ F3I 2ris W diAgrhth ASEHBIHY the rfARERMGEH a4 hADI RO Wethl faps&F @ind a9
type nmagnetic disk apparatus that the present invention addrésses. A
magnet i ¢ hreks fe2ordngfdensit;t 0 a notor that rotates round the point A and
the notor rotates the magnetic disk at a rotation speed of 3000 to 15000
rpm The magnetl@- Zdiis p dipgramdesgnbiag gheelation betweenyihe recording density gnd enesyriteand
is a doubﬂe _ r.. medi um having a soft under |ayer preferably. A nagnetic
head 11 i'S'Tixed"to a rotary actuator that rotates round the point B with
i nterposition ¢iGa5daRRFAR Aeskfibindhh SxBRPRIPSEE Pattdin tHA ' ' ion
of the magnetic disk 12 by neans of the rg!t%?ray act uat or %ge@mﬁl}?ﬁ u(%t ry
act uat or dusnmy bid iff @corvientistal miagnateglisk appadihskambpar at us t hat are shi pped
recent years

FIG. 23 is a diagram describing the track code error that occurs when the servo pattern

having the high frequency dummy bit is used.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be described in detail hereinafter with
reference to the drawings. At first, an exemplary structure of a magnetic disk and magnetic disk
apparatus that are common to embodiments described hereinafter will be described.

FIG. 1 is a schematic structural diagram of a perpendicular magnetic recording type
magnetic disk apparatus that the present invention addresses. A magnetic disk 12 is fixed to a
motor that rotates round the point A, and the motor rotates the magnetic disk at a rotation speed
of 3000 to 15000 rpm. The magnetic disk 12 has a perpendicular magnetic recording layer, and
is a double layer medium having a soft under layer preferably. A magnetic head 11 is fixed to a
rotary actuator that rotates round the point B with interposition of a suspension 14, and
reciprocated in the radius direction of the magnetic disk 12 by means of the rotary actuator 13.
Such rotary actuator is used for almost all magnetic disk apparatus that are shipped recent years
because the rotary actuator is suitable for miniaturization of the structure. Parts including the
above-mentioned parts and write/read amplifier 15 are contained in the internal of a box 17 for

protection from dusty and moist external environment. The write/read amplifier 15 is an electric
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because the rotary actuator is suitable for mniaturization of the
structure. Parts including the above-nentioned parts and wite/read
anplifier 15 are contained in the internal of a box 17 for protection from
dusty and noi st external environnent. The wite/read anplifier 15 is an
electric 7 circuit for electrical transfer between the nmagnetic head | |

and a package board 16. LSI such as a signal processing circuit and data
connector 18 for connection to an external host nachine are nounted on the

k b f ' d 1,] js.d ibed with
Par or anced futpPetecita Bahite bthociind Mg RERERY 1 A pabided BoaliP BT olths
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magneti zation information that | eaks froma nagnetization pattern o
magnet i ¢ mbseikted @n the packagk eoandil6. si gnal are nmounted on the magnetic head 11.
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sensor to which mgneto-resistive ect 1s applied esi' st ance

change ofmagetie diskdl td an eletteicisplal are rvanRdon themdgridie hegd NEt TESwHf element
informati on of the magnetic disk 12. The magnetic head | 1 is floating on

t he nmagnetl qomgprisks a coi agnetie polsi aridgenerates ayvenity magnetinfidd sewritd emnthai d of
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descr i bi Ngefelibl} AUAK el S R sidieBol8 Bbad iy idbdSyif £ihafpofbhiilla BN
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dat a ar eagtuampolthBunlieemony) theheahelamea 1fconpeides Dtthghetotreslstos keigort foavislah a
area 1is the servo area. The track width is extrenely enlarged for

descri pt iTeengiyresislive effegbisappliads and the resistanse Fhange of the sensor isstestedita thereby
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discrimnated directly. The magnetic head 11 can be noved to Itrary
radi al paosisingdronpair flowr canspddiyithe ditatinghRagnetic dsk1dt ary actuator 13, but
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magnetic disk is the data area, and the area on which areas formed radially crossing the data area
is the servo area. The track width is extremely enlarged for description and only five tracks are
shown in FIG. 3, but more than 100,000 tracks are formed at intervals of about several tens to
several 100 nm actually on a magnetic disk of a magnetic disk apparatus. The data area and
servo area are formed magnetically and cannot be optically discriminated directly. The magnetic
head 11 can be moved to arbitrary radial position on the magnetic disk 12 by the rotary actuator
13, but must be in tracking operation (following) with respect to a specific track position when
the data is written or read. To track a specific track, it is required that the relative position
information of the magnetic head 11 and magnetic disk 12 should be always measured correctly,
and the effect of rotational vibration of the motor and rotary actuator and the effect of positional
deviation due to thermal expansion of the mechanical system should be reduced. The relative

position information of the magnetic head and magnetic disk is called as head position signal,

and the servo area is provided to obtain the head position signal. It is required that layout of the
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and the effect of rotational vibration of the notor and rotary actuator and
the effect of positional deviation due to thernmal expansion of the
mechani cal system shoul d be reduced. The relative position information of
t he magneti c head and magnetic disk is called as head position signal, and
the servo area is provided to obtain the head position signal. It is
required that |ayout of the 8 servo area and the pattern witten on the
servo area are designed so that the head position signal is obtained as
correctly as possible to inprove the track densi.ty of net.i ¢ di sk,

appar at us>°Ff e%arglﬁh ar&ﬁ‘ém)lng% gy %}@fseﬁﬁ’eﬂr CETG GeUR Sé?r‘rgat ad pesition gignal
servo ar el 2 | ' of

o sic movagsaael s Forftcfp o5 bty SANRRNLE BRATYTRly SLERNTeAGIR EWENRR D o
areas are di SpesE howailie: 1aydu bEthe kerdo diealind GNE a8l Th@sdo §réd hnd Satdlhrnéh dRd
into a plurality of tracks, and one track is divided into a plurality of
sect or bldigposed dternatelydlong Orecdireson of disk mokementat abauit rgual imervals cmddd@0ao
writing and readiﬁg%é and has a size of 512 byte to several thousands, byte

dat a and ss¥dIRkhuwdzeds save areas arg disppspdonrns sisleei e disk dPnrdataarea (g individedr ea

s rewi. 3 a_yse ut, on_ the other.hand, th rvp.area is
wri tten 903 TR TS, 3 heBRk ity e e DR REO LR bbb P i B KB
and wi || saabr B8k BWhibirfiin it FordRel writlfiandS84dify, 3h& Bad £sik St e
data area vvi{h %ap arlea pr ovlitded towrétbsorb thdemgdi stgncazmbet V\%té?ﬁg’té;tﬁgmv\%rrlgte
el enent 2bowsandsrbyteddatd ambadditithabsederhienchyto geanagennan érfermbativpe dthe dbdaGreadisi S
a diagramof tracks enlarged in the direction of track w dth. Next, an
enmbodi medEWBHteR YRIY gRen By @ upshyiondhe othen hapd threseryq aseaiis wrttspdon wekering F| G

5 is a diagr deschi bi .ex l.ary _servo pattern of a netic disk
appar at us]%g]g 1 é%g’rléé{s?éez?’reﬁ%\}%rﬂﬁ{%ﬁ.ﬂléh{%‘%fcgﬁc?mlgﬂ?t%&irF%{t% o @65 i s
the di r eGehvamrafis okked iR iR data @88 withhb@p YRAGRIAE toeBsdBIMOMsEh@ bedwbeh t he
di sk radius direction. A nagnetic head 1s fixed to a rotary actuator, and
a magnet ithe @ritdelerend 20fand neadiedement 21 hed theichafge@f nfovameat speed dFIEI. 4550 50
m's. The ,situahio Is relatively sane_as that the nmagnetic head noves from
left to rdiafmimghirpcks eplagged;ip the difectien oftckagdih. under st andi ng t he expr essi on

t hat the magneiy I%ME ' ) 4y the foll ow ng
descri ption. Fﬁlaﬂ’ gr?gﬂows @u%%@%ﬁegﬁ%’g{rﬁ nr‘gngél#‘?eq%&{af ack #4 in detail
that are servo<Bmbadinihio in FIG 3 and FIG 4. FIG 5 is a diagram
enlarged nore in up-down direction than in left-right direction in
conpari son w t G isediagramdessabing agiexemplopaseavaipattemhef omagnetigrdisk apparatus

descri be%f the present invention. The left-right direction on FIG. 5 is the direction of disk movement, and

the up-down direction on FIG. 5 is the disk radius direction. A magnetic head is fixed to a rotary
actuator, and a magnetic disk moves from right to left in FIG. 5 at a speed of 5 to 50 m/s. The
situation is relatively same as that the magnetic head moves from left to right on the disk in FIG.
5. For easjr understanding the expression that the magnetic head moves on the disk is employed
mn the following description.

FIG. 5 shows four tracks from track #1 to track #4 in detail that are servo areas shown in
FIG. 3 and FIG. 4. FIG. 5 is a diagram enlarged more in up-down direction than in left-right
direction in comparison with an actual magnetic disk apparatus. The burst area is described in
the present embodiment, and the address mark area and track code area will be described in the
embodiment 6.

The servo pattern of the magnetic disk apparatus of the present invention is
characterized by the structure of DC-signal area. All the DC-signal areas of the conventional

servo pattern shown in FIG. 18 comprise DC-signals magnetized in the same direction, and as
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the present enbodi nent, and the address mark area and track code area wl|
be described in the enbodinment 6. The servo pattern of the magnetic disk
apparatus of the present invention is characterized by the structure of

DC-signal area. Al the DC-signal areas of the conventional servo pattern
shown in FIG 18 conprise DC-signals magnetized in the sane direction, and
as 9 the result the sumof magnetization is a |arge value in any one of

directions. On the other hand, one DC-signal area of the servo pattern of

and hogat T ESHNBDROH BITREGNET /i alveih By 60t ALArEDoBRCH el e~
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timng managenent is | ex ..when the servo pattern is forned.in this
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enbodi Menbnipensaies 6f e Athghbd AtibiEhk PFAREE drfeakh Facib- ' iS4Hon!
supplied topgns\'/?/ri te el erreg*r%ét té fg??ntﬁe pe?tter% s’ﬁ%\/\snwanﬁ%{%?ﬁ%&%nﬁybe
Fur t her numealizd e 0 bg adjustirgythe pbeition ofridgaup 686 o fallipngldoes edpé bf DosigRaloNal
deviation of the wite elenment by a distance of 112 track width to thereby
conpl et e Withouhpsing thecampensstionad magnetizgtien;owever, thediming magpgoment isscompek

B- bur st ar}ge ﬁgtpatter c}nhat svg t.cglﬁs at the position of a half track width
of C bur st And® Y HUPEE ‘ﬂ{%m?ga{g SW'a space is forned at the center of

the track #1 i tebiafiqdeor SRS bmiRe Atk LA MfteR bfGhe 'senmg' Binfdnfig! than a
wite width is usedq pOp{J| ar | ?) andét he si zlgewlgf t he lzllgace an g{gnst%ence of

t he spacelestribed avithrefenmce whiEAIGa 6t & writd aurreht issdpplieduah writg Bleirient fodfads thelhe
wite currents shown _in FIG 6Cto FIG_6E are_ supplied successively with
successi PatefBhawn ghFIG 66 & upthermore, ayrtn cussenishoparin 1@+ 6B ipsuppligdwith dt h

R g s L R
A i v e e e v
timng i shapasiipngéabalftrack widthofi(rbunsband Dduvest.oFlm redsonivehyr aspdcesis dorered at theel

center of the track #1 is that the magnetic head having an erasing width wider than a write width

1s used popularly, and the size of the space and existence of the space depend on the

characteristic of individual magnetic heads. The write currents shown in FIG. 6C to FIG. 6E are

supplied successively with successive deviation of the write element by distance of 1/2 track

width each to complete the servo pattern of the present embodiment shown in FIG. 5. At that

time, a clock that synchronizes with disk rotation may be generated from a clock head disclosed

in JP-A No. 43286/1989 to manage the timing of write current, or otherwise writing may be

carried out while the timing is being generated from the read waveform of the read element itself

without using a clock head.

Furthermore, the operation and function of components of the magnetic disk apparatus
of the present embodiment are described with reference to a block diagram shown in FIG. 7.
When the data is written, an interface circuit receives the data from a data connector 18

connected to a host, and the data is converted to serial write signal through a data encoder,

converted to write current signal through a write amplifier 15a, and then converted to write field
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Wi t hout using a clock head. Furthernore, the operation and function of
conponents of the magnetic di sk apparatus of the present enbodi nent are
described with reference to a block diagramshown in FIG 7. Wen the data
is witten, an interface circuit receives the data froma data connector 18
connected to a host, and the data is converted to serial wite signal

t hrough a data encoder, converted to wite current signal through a wite
anplifier 15a, and then converted to wite field 10 through the magnetic

head 11. [te fi S W tﬁ?‘i t] | sk.12 eEl[lTaneti.c
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t hen supplatags réad oub €Tlreashd sipna igtoraartedroahd adgingli digitdl data Theugls tieveadlecoder
detects the correct head position signal fromthe servo pattern of the
magnet i c agipdifier 15b and data dacpdsr, aud thensuppliog torthe hos threugh apimtexface pircuihelbger vo

i it t he head it i | ith the t t iti fo,
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control circult functions to contro ow an tlmng (0] t hese pI’O essmg

as a WholsinalNeith theap@ERidsdnab cilbsiager suitalle catglt vakiede b€ Eupptisd W the rotary
reference to FIG 8. A gain controller is turned on at the timng when the

magnet i ¢ ahmatdr 43,and operatgs pregetermingd oparationisisucheasdallowingand siek. éf contrel gecuit
controll%nis f|xed t he i.ner}é%ﬁﬂt when the address mark area is
det ect ed MnChQEs O RYPLSHIQY apd,my SEREOHP L 2RVBUFst area are nornal i zed

with the preamlg r@%@géﬁc}n%? ér#’&&%ﬂé‘r it litdchibed Witk r:%g:%gé@t%sﬁd g! ke%aiﬁ hat

allows the wite f uency of the track code area a urst area To pass

sel ect i vebirtrolfer ptakned ®h acthe tintfg oties tHelifadne A€ Keatiotiatsabidihig bMlBie pRambleaes, or m
of the track code area passes through a decode filter, A/D converter, and
FIR filtéhe gammef the gainganeelisras fisadss thesteme poinhwherethg addessomeark aseaiisdaeciedad

f hat .h d.th h the FIRfilt & sh ion Fl A and
FIG op PRLPEnel oL Sk cede giad s fron pEprmafited e PrEmbe BB Ror n
that is QuRideimilr isQ Hahig-pady tfer 468 QBGHs tha Witk kruchBy 3P@Rrat e%deeﬁéa and burst
waveforin. that has passed through the FIR filter.” The peak detector

di st i nguiasiaas passaeldctivelya sk gealodetédier dbebdes theotrackl dode aftentke reati veavafbihied sherar k
detector judges coincidence with the address mark pattern, and the track

code det datloFodscesiragses Hough 3 deqode filien AJP coperter. R FIBdtear ea- The bur st
detector dec Od’?ﬁe }eg&l w%xlntl Hﬂ:a%h% tot tﬂg Sel%% Eécoaérea%d%fxé r%gld %vg\?e or%"'fljl Hlama\é%];gsrég of

the burst area passes

through the FIR filter are shown in FIG. 9A and FIG. 9B respectively. FIG. 9A shows the read
waveform of the servo pattern that is supplied to the servo decoder, and FIG. 9B shows the read
waveform that has passed through the FIR filter. The peak detector distinguishes 1 and ¢ based
on the detection slice level, the address mark detector judges coincidence with the address mark
pattern, and the track code detector decodes the servo pattern of the track code area. The burst
detector decodes the amplitude of the burst area after the read waveform of the burst area passes
through the decode filter and A/D converter. The burst detector detects the amplitude of A-burst
to D-burst by means of integration and Fourier transfer of the value obtained just after A/D
conversion.

The structure of the servo pattern of the present embodiment described hereinabove
equalizes the sum of magnetization of the entire burst area including the DC-signal area and

burst area approximately to 0, and as the result the performance deterioration due to bias field

arising from DC-signal is prevented. Particularly, non-linear transition shift and easy/difficult
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t hrough the decode filter and A/D converter. The burst detector detects the
anplitude of A-burst to D burst by neans of integration and Fourier
transfer of the value obtained just after A/D conversion. The structure of
the servo pattern of the present enbodi nent descri bed herei nabove

equal i zes the sum of nmagnetization of the entire burst area including the
DC-signal area and burst area approximately to 0, and as the result the
performance deterioration due to bias field arising fromDC-signal is
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shift are suppressed in witing, and t vo pattern rect timng
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elenment is maintained correctly in reading, and the read waveformwth
| ess anpl thewers! wavefarat with less anplitude asemortei aved caBbe obpingd.nBy tpelysgrtkoservo

pattern of the esent enbodi nent, a magnejic di sk apparatus w th higher
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formng s ; < ; > El ' tic diagram
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present inventi<BEmbollge@t-vo pattern of the present enbodi nent has the
structure in which one DC-signal area conprises two positive nmagnetization
DC- si gnal s and @010 isepebhémationdiggramishawingranBilies ergbadimentzofdh sehe fattern in
DC-signal s have the sane areas. As the result, the stun of the

magnet i zalc8waBse Wit thepresepfayentipaadhs serxp pftam of thepresentemhedimentdiap the

i . i .| in that. f
o o1 gnar ShRurE R AHEESADEARA Pk Ehofiite” v mdlnt ot G -Bies fod i o
and the spypafite MagRaLitiod DORIgHAR 2RE tRAYEF DTEGaTals KhvWithd Qe ardiBl NG thd'fesult,

conpensational magnetization. The servo pattern of the present enbodi nent
i s f or medthp yumwé the rodgnehization vt therRC-signabareasus elindsh0.t Bhissatyoattentstriicture is

Furthernore, the servo _pattern of the present odi nent can decode_ . the

hond s PPN FYREROUS B0 SEDRmERL SaBUTEBR A DCHETA Ismipiaized fo Bitigate
| yi t '
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readi ng iwind thy esrhpéhsatéondl magidigationsul t a nmagnetic di sk apparatus with
high track density and high capacity is realized. <Enbodinment 3> FIG | |
i s a schemat i c Theagvapatdie af thg Peasentismbodinant isformedliy mpansof thesapetprerens an

used in the embodiment 1. Furthermore, the servo pattern of the present embodiment can decode
the head position signal by use of the servo decoder shown in FIG. 8. By applying the servo
pattern of the present embodiment, the performance deterioration due to bias field arising from
DC-signal in writing and reading is prevented, and as the result a magnetic disk apparatus with
high track density and high capacity is realized.

<Embodiment 3>

FIG. 11 is a schematic diagram showing another embodiment of the servo pattern in
accordance with the present invention. One DC-signal area of the servo pattern of the present
invention comprises one DC-signal. Narrow spaces disposed at 1/2 track intervals, which are
caused from the difference between erasing width and write width of a magnetic head when the
servo pattern is formed, are not essential for the present embodiment.

One DC-signal area of the conventional servo pattern shown in FIG. 18 also comprises
one DC-signal, however, on the other hand the pattern of the present embodiment has two
DC-signals of positive and negative magnetization direction that are adjacent in the disk radius

direction with interposition of the burst-signal area, and the sum of magnetization of a plurality
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accordance with the present invention. One DC-signal area of the servo
pattern. of the present invention conprises one DC-signal. Narrow spaces
di sposed at 1/2 track intervals, which are caused fromthe difference
bet ween erasing width and wite width of a nmagnetic head when the servo
pattern is forned, are not essential for the present enbodi nent. One
DC-signal area of the conventional servo pattern shown in FIG 18 al so
conprises one DC-signal, however, on the other band the pattern of the
present e i t i | f Qﬁ'v nd negat i v
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of a plurality 12 of DC-signal areas is alnost 0. The area of each

DC- si gnalentfodirhéng 1shawevet)ithe sesvd pattgar oftthapreséra ermbbdinesmb dideanthgdousiitthhh e
effect to mtigate the influence of bias field is poorer than that of
enbodi mertngcesspabipeficidigeot applied 95dhe mwad elsmenhlecpusesd inp magpelifatien revessal in
advant ageous, L n. that unnecessary bias field is not applied on the read
el enent t?é‘ﬁilg'é‘gﬂ? % magneti zation reversal in one DC signal area.

Magnet i zat i on = S I fol '
exanpl e, peri ogiagg? 1%{:?1?212%? s@%%ﬁ?%éa@%&%ﬁ@%ﬁ%ﬁa&?irﬁérﬁfgg%sé Pﬁie?g@ llebéﬁyolgor
exanpl e, JFU@ackLorsdmpavks anthe iaknhdiud directibh C Rondangild, FaGi PNshofvsRa-exa@pR] in

areas is reversed at 6 track periods, and the sumof nmagnetization of 12
tracks i svhithmegnetizatimeof|¢-gignak dreasriexeversed atfeirackperiods,ahd thesgugeef t he bi as
field becones. .To ve .t he prop It ig required.tpo equalize the of
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magnet i zakd @angoéquidalait pnbt ranimasld oy siegle nidgAtid polegtitedemait having e maidt h
d of the return pole, nanely a half of 12 tracks, is the upper limt. The

servo patrelerdPagnd retimarpolg 2Qb appraximatelyded: da this caseqglie Gdrask pexied atjwhich
ern.shown in FI.G .18. .The of the

ti | ] . .pat
rovent  SHBoETRENE of DL SETh ARATey oL MRt i A e BB Sl e RewaRlee e
1. Furt h%ﬁﬁ@%f‘asli)&lm 196FA¢Rs, 9@{11]5 %p%&fmﬁihemé atRAPRsth r?ﬁ‘iﬁitﬁfi‘%%t%ﬁ%%ﬁ@d {she

head positio gnal by use o e servo decoder shown I n

app! yi ng etjhigalsstrto thepanventivnaldervohpattprreshen ie FEGJI8rent , t he performance
deterioration due to bias fjeld arising from DCsignal in witing and
reading i s preVBhiEw patis ekthe present smbpdisment sfarmed i th samg mannes @S whadqn

high tr a(fl}x(e Qm&lgntqn%\ﬁtﬂégﬁor&qﬂ@gérgy pﬁt?erﬁ Sﬂhle f?&em embodiment can decode the
head position signal by use of the servo decoder shown in FIG. 8. By applying the servo pattern

of the present embodiment, the performance deterioration due to bias field arising from
DC-signal in writing and reading is prevented, and as the result a magnetic disk apparatus with
high track density and large capacity is realized.

<Embodiment 4>

FIG. 13 is a schematic diagram showing another embodiment of a servo pattern in
accordance with the present invention. In the present embodiment, a first burst-signal area that is
equivalent to a burst-signal area of the conventional servo pattern shown in FIG. 18 and a second
burst-signal area that is equivalent to a DC-signal area of the convention servo pattern are
formed. The first burst-signal area and the second burst area are repeat signals that are same in
frequency but different in phase. An exemplary servo pattern shown in FIG. 13 comprises the
first burst-signal area having a phase that is the same as that of the preamble area and the second

burst-signal area having a phase that is delayed 180 degrees from the first burst-signal area.

13



<Enmbodi nent 4> FIG 13 is a schematic di agram show ng anot her enbodi nent of
a servo pattern in accordance with the present invention- In the present
enbodi ment, a first burst-signal area that is equivalent to a burst-signal
area of the conventional servo pattemshown in FIG 18 and a second
burst-signal area that is equivalent to a DCsignal area of the convention
servo pattern are fornmed. The first burst-signal area and the second burst
area are repeat signals that are sanme in frequency but different in phase.
An exenplary servo pattern own in FIG, 13 conprises the first .

bur st - si gnal aﬁ&’ﬁ SHEYQiPAHey eepbimbadimpat 18 fgrmed an the gamsmanper asiusethin e

area and b -sign havi hase I s del ayed 180
degr ees flrrhg%mt%ﬁgﬂ{lﬁq% é’t F@esn?l o S ?ﬁg?ﬁ%fdgg&i’eﬁ&ﬁgﬂ%w %lt:ﬂsg?trg?yngeo‘fse he
present efbReVerBitethdd FSH@RGoNiNg bk AgRTEhXR 6 88cored HERDokion s aﬁgﬁgﬁhréﬂ%ﬂt
1. Furthernore, the servo decodé circuit shown in FIG '8 nmay De used.

However, Eorreehinpld, the amplinide off IO-gstanddlybedsi i3 ahed Otfor e eadadavaéath Ads t i on
signal is different. For_exanple, the anplitude of C-burst and D-burst is
al nost 0 FasiionHs and ke amRidedeef Arburshend Bdairst ioaimast (hfod therreadawpvéfonm et the

A-burst and.B-hurst is.al t O for the ad waveform at. the .. posifjiqon B.
e bosi crGitea T pbitimptite Diaropetidor LR Sanrote T tod Anpihiee o ittt
of G bur L} ' ' ' t follow the
center ofsatrl td rg?%%%éﬁiﬁeﬁg?%gﬁa&%ﬁg)gﬁjgfsog&év{‘m%ﬁéd?rioggg c%g%'st-signal area
may be equal i z@urthernione theophakdof the fiesd bhtse sighflarénday beeqlaisel wfthithe tgecond

burst-signal area is del ayed by 90 degrees fromthat of the first
bur st - si grgamble areajgnd thejphaseiof thersaeonddrigitisigngl arpeisselaged b0 degrersdiagmthatel as

h ' . si l,. | . h [ G
14: The B Do paeFuisr Sy adheE R el SEibe Bt ha S desiendirdaR tine "sanc
manner ascoﬁﬁﬁﬂsdtiﬁnil'%fgnﬁﬂb&qgféﬁ}%%y fséﬁro fibrn il SH%n i‘i‘lrﬁG.SYJ'Cﬂ%%%@pﬁ{eﬁ‘fk nmay

be oscillated wth four-timnes requency to wite on the

degr ee- dehhayadn FEg.dddah be aise Sorgred|in diccamehbiarinBeismed in the ¢htbedmbavi. gt that
phase that delays 90 degrees fromthe delay |ine and double synchronous
cl ock naylim thessyaehroaeps; dogkapay hepscillaied withetougttimer thesfreqmeneshiooviiia on thee0
second buyst-sjgnal area,is witten. -The burst detector of th VO
decoder Stk YeMOR efoR® mritetal e, FUHBerYE iy Bie e Batffiess oo
bur st - si gfaglecfrBik thé Bel@fliné dnd dbubleaFHcMBNAIUSBK RS gnerhtddia ;;‘%HII@I_, Prhe
converter I's subjected to Fourier tiransfer and thée read waveformis
separ at edlocktipswitcedydieo the sstondimrstisigial inga s wditem alhednest datector of the servo

conponent, an co ent. of. the second buyrst-signal. area as a cosine
c oggonentd.ecqfﬁé g@mﬁpﬁgﬁeg dyncjgns;te separate the first and segond burst-signal area. In detail, a

read waveform generated from the A/D converter is subjected to Fourier transfer and the read

waveform is separated into a component of the first burst-signal area as a sine component and a
component of the second burst-signal area as a cosine component. The technique of burst
detection by means of Fourier transfer is employed conventionally, it is sufficient for realizing
the present embodiment to add only the function for outputting the sine component and cosine
component.

By applying any of servo patterns described hereinabove, the performance deterioration
due to bias field arising from DC-signal in writing and reading is prevented, and as the result a
magnetic disk apparatus with high track density and large capacity is realized.

<Embodiment 5>

FIG. 15 is a schematic diagram showing another exemplary servo pattern in accordance
with the present invention. In the present embodiment, a first burst-signal area that is equivalent

to a burst-signal area of a conventional servo pattern shown in FIG. 18 and the second
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detection by neans of Fourier transfer is enployed conventionally, it is
sufficient for realizing the present enbodinent to add only the:ftnctfion
for outputting the sine conponent and cosine conponent. By applying any of
servo patterns described herei nabove, the perfortnance deterioration due
to bias field arising fromDC-signal in witing and reading is prevented,
and as the result a magnetic disk apparatus with high track density and
| arge capacity is realized. <Enbodinent 5> FIG 15 is a schematic di agram
showi n | M nt
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invention. In e present ‘e ment, Ta firs st ghal ar

equi val enforméd %M@En?ﬁ@ﬁése@éﬁﬁb&ﬁt-ﬁg@%@ﬁﬁée@@@ﬁ%ﬁ ueAdyl SMhéfgwn i n
FIG 18 and the second 14 burst-signal area that is equivalent to DC signa

| area ofburfisigneharemt Thshvespattem qfah¢ preserdinvenfion isatko féheed inehgiginpsymadner he
second burst-signal area is set at 2/3 the frequenclzl of the first

|
bur st - si gsasedindhe embpdimaent\le Al dhat 8, the synrdrgnons eleek mey ds oseillated with $gimes

fornmed i sane nner ,a ed. | e embodi ment, 1. At that tj he
synchr ondls PERBERY YR Ee, AedkiEL ey | 1R SRRy Mg sep@tat it perpll Shna e
Wi ting. ofydkli@SitdlRY ROy Rling Siie SEQMUSRAY-siFRY 6. 0enerated in parallel and
the clock is swtched for witing on the Second burst-signal area. FIG
16A shows a re&iGyvibAcshowsa redd wavedomsd of Addurdt shat eadadiat thépogiieri 6f thereall t he
read elenent shown in FIG 15. The read waveformthat is formed by adding
t he fundhenenshovaninddehs. Bhe read wavelormthat & fosmerhby addine thedundamentadquency
conponent_of th C bur st - sj I S.obtained. The, burst detector. of
Che ser vesoaReBes ot BRaT tibBlead! 4t I BBty EitpngnifL ke secpp Bifseigfal
bur st - si g0 gbtae® ATRIGurSfRREbr BY I seAlodeBbded SEdwn I FIEL 8T uhoticht & §e§§1‘i’de the
wavef orm generated from the A/D converter iIs subjected to Fourier transfer
and t he restbunasghal ared mdseparddivesd-sepmal drya. Indewilgthefredd waveforah garatdibfromad
waveform formed by setting a frequency of 2/3 the frequency of the first

bur st - si dhafvIacenrerter is sabiedediod qwies ransfey and therread wayetorm sxseparaifd casily. r ead
wavef or m ' El 16C shows r ead
vt or mTPRAES ERESGH S % oad FRNAOAN rorrH B sbiine pEsal RV E 0k Minency.
sui t abl e off @ie Hef MPstARBAPAED D thBYecdBd biistSighdl rab PIE - 1B YHoM3 2Kk 2hd Walfofin
the servo pattern of the present enbodinent is effective to increase the
| owest f rtieauesscly? thie fiegnentcy sandeF 160 d6€ showsethe iead winteforirothatt usen 1 3fthofrequency.e
perfor marhce that. is d%acr i bted int heb section of "Description of Related
ny one of these read waveforms 1s suitable for servo operation.
By applying the above-mentioned structure, the servo pattern of the present
embodiment is effective to increase the lowest frequency of burst area and to prevent
deterioration of overwrite performance that is described in the section of “Description of Related
Art”. For example, the servo pattern described as “servo pattern of first example™ shown in FIG.
21 is equivalent to the exemplary servo pattern in which 1/2 the frequency is set to the second
burst-signal area. The conventional servo pattern cannot attain the overwrite performance of -30
dB with the lowest frequency included therein. On the other hand, the servo pattern of the
present embodiment (servo pattern of first example) can attain the overwrite performance of -30
dB. Furthermore, the servo pattern described as “servo pattern of second example” shown in
FIG. 21 is equivalent to the exemplary servo pattern in which 2/3 the frequency is set to the
second burst-signal area, and can attain the overwrite performance of -40 dB or higher.
Furthermore, the servo pattern of the present embodiment is advantageous in that S/N of the

burst-signal is not deteriorated in comparison with the conventional technique in which double

the frequency shown in F1G. 22 is set to the second burst-signal area. By applying the servo
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Art". For exanple, the servo pattern described as "servo pattern of first
exanpl e" shown in FIG 21 is equivalent to the exenplary servo pattemin
which 1/2 the frequency is set to the second burst-signal area- The
conventional servo pattern cannot attain the overwite performance of -30
dB with the | owest frequency included therein. On the other hand, the servo
pattern of the present enbodi ment (servo pattern. of first exanple) can
attain the overwite performance of -30 d13. Furthernore, the servo

pattern g[t?aﬁﬁfd Hefk fresend @ﬁl}%’dlﬁéh{ Y ﬁﬁoﬁ%@éﬁoﬁﬁﬁﬂﬁé . §p‘ﬁmf’? isrlmp'r%\g'd afdal S

equi val e to the exenplary servo requency 1S set

to the seg@edc disk appahtgssithdi@rr rackddensity Rirtaizadt he overwrite perfornmance
of -40 dJ3 or higher. Furthernore, the servo pattern of the present

enbodi ment is ambedamm@z in that S/N of the burst-signal is not
deteriorated |3ﬂémﬁoarl son with the conventllcl)nal techm que in which double
the frequency If f spiematis siqezarg ghowipe ppihereamlany sy BtiFAIN ascerdangsy

appl yi ng \L*&Fth%ﬁﬁé’sgntjlf}w{e%%ﬁeb‘ﬁlﬂdd}é}? il %%QEm@HP oﬁ% Q}Oea a&é‘&esgﬁéé ndBe:

for witi a nm ne appara

hi gher t r;ﬁ@sl‘énﬂﬂﬁﬁdcﬁ:ﬂemsmfd&ﬁé pm desErbdh féﬁibbdﬁ?enﬂ % erh¥odifent §ﬁh‘:§é@fdr %e

di agr am showi ng anot her exenpl ary servo pattern in accordance

present ithwst@tdaon. Only address mark area and track code area are descrl bed
in the preseninﬁlgbodl ment, and the p ﬁttern described in enbodi ment t.o
enbodi nent 5 | &anyentiona] servg pagern shewn in FG. 18, s dotar: ofghrirackesods a{ﬁﬂ{l%em

shown in FEl £ack de nco t he
magnet i zatr ng)éhedé% t‘é?ﬁm%ﬁ&f@&m?{)i&eﬁgf +811"]’§ﬁdelt %é]ﬂgkéét %'“bﬁllse gﬁ@ ‘&tﬁﬂwet h
the nagngidneaidtion pRAérh OF A-10Lt, -1 I-17.-Heretnl+1 méans ﬂfﬁftﬁb@lﬁéﬁdﬁ@ﬁagﬁ@%lbﬁe
direction of nagnetizati on, and -1 neans negative direction of

magnet i zandeh meﬁm@hmedlr&cnen pbmagreteatromyiidherefbredthe andde the, nunibiee ofidate Otis)e
sum of ma net| t|on gewates to_negative direction. In the C% e of the

perpendlb fg'ﬁle{l. magpeiizationdevatesdq negafiyedliertien- on the caseghihei zat i on
causes ndﬁg)eilgi%lél%r n@%g@ﬁhf%@&ﬁ@f]%ﬁﬁ%&ﬁ%@ﬂ&l%dm QHEaﬁ%ﬂ‘é I b

Furt her t1iMmes or nore ern ﬁépen ng on

t he tracknapnelichsadtahe briagostbunglvdmasifest. Furthermfore r(B@dfn@fstrtaigﬁtly 30 HivieR o onal
track code area is reduced to |/ 10 or |ess of the recordi ng density of the

preambl e meredma pattere Hepending opfthpieagkanunbenithe resarging dansite ebsomeigackyoftean  t he
BRI EWE FOROME W NN SN
area. In the case of perpendicular magnetic recording system, the lower the recording density is,
the lower the amplitude becomes. As the result, S/N of the track code area of the conventional
servo pattern is apt to deteriorate with the elapsed time. The system described hereinabove is
called as di-bit encoding system and employed popularly for products of in-plane recording
system. Furthermore, though a system in which the data 1 of the track code area is encoded with
the magnetization pattern of “+1, -1” and the data 0 is encoded with the magnetization pattern of
“-1, -1” is employed, this system is also disadvantageous in that the sum of magnetization
deviates to one direction when it is combined with the perpendicular magnetic recording system
as in the case of di-bit encoding system.
On the other hand, the data 1 and the data 0 of the address mark area and track code area
of the servo pattern of the present embodiment are encoded with magnetization pattern of “+1,
1" and “-1, +1” respectively. This system is called as phase shift encoding system. In this
system, the sum of magnetization is always equalized to 0 regardless of the number of data 0, and

one DC-signal area comprises DC-signals of positive and negative direction of magnetization
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servo pattern is apt to deteriorate with the elapsed tinme. The system
descri bed hereinabove is called as di-bit encoding system and enpl oyed
popul arly for products of in-plane recording system Furthernore, though a
systemin which the data | of the track code area is encoded with the
magneti zation pattern of "+ 1, -1 " and the data 0 is encoded with the
magneti zation pattemof U1, -1" is enployed, this systemis also

di sadvantageous in that the sum of magnetization deviates to one direction

when it i e in s in
the case DEFRRENRSEmAc h i SERBEET b Rl RS HEPRLE BSY V1P B P
data O of sinhef mesHcaSRioNBIF theADEXi@AHareh aCHmeade area of the servo pattern
of the present enbodi ment are encoded with magnetization pattern of "+1,

-r and "-1, +1'Theseepuitarsloy thefiresensysbeimest doas hetdzeasrap tiasefilsd afid penaasli ng
system In this, system the sum of mag: netization is always equalized to O

r egar dl esdeterioratipn df, G%"eimd(fﬁa‘iiﬁﬁr&’@an‘éfn urtheranape:-byiaglyingthiseneering system, the
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servo pattern of the present odi ment ot g and

prevent s eqilabent @rativo Ipamémwf‘setcendwbchnﬂpiathrﬂ&hé Srv@pateern fsleffebiva i Bprdve the
applying this encoding system the recording density of the track code can
be |i m t eRfoblemy rrrrmhmlﬁgeilrctlemampaeé@r mth@w@m'cmtgonah@rvo pattesmne as t hat

f th | t 2 th di Th di t
'S equi vl Gete e BEe iy bree et bhvo st RE SR PRI Tty
ef f ecti veptHGi @rpe.ﬁarantétevo,%em Ehét e ﬁgatvewﬁmﬁs&%tm&gmtavsgmméon wi t h

t he conventional” servo pattern. Furthernore e recording density range

i s equi vadignificandy' mprweﬂmat\remnnte@ferfbnnmce eKanipdrore fivecordingfdefsityZdf thend
this servo Eattern is nmore effective than the conventional servo pattern to

si gni fi cdffckgod ﬁb@x@r‘fmﬂs%tlww% r2dn wihirhdhiglrrecordingdenaity tswemky@érf@n ng

d f h
i oh 1 oc oS bis R 6 IR fop kol APSIrREis B B i ol ol aehRie Bt IR g
density tdmablelthe Eeb&dﬁ%fﬂénﬁfy mtmﬂnsqtec&hﬁagmeﬁe@%@gas @@ntf&aﬁttyedlffé%ﬁthentth&

recordi ng density, this recording density range is significantly
di f f er entofftheopresentembaglimente Asrthoremiit, dhriprdblamd! detdstiorharored thet track lnedgsholbine m
of detect.i eryor of the track code shown in FIG 23 is prevented. FIG 5
shows andt‘%gq} EPIVERSdservo pattern of the present embodi ment. The

FIG. 5 shows another exemplary servo pattern of the present embodiment. The

structure of only the address mark area and track code area is described, and the structure of the
burst area is by no means limited to that shown in FIG. 5 and any one of structures shown in
embodiment 1 to embodiment 5 may be employed. The address mark area and track code area of
the present embodiment is encoded by combining the above-mentioned phase shift encoding and
XOR arithmetic. For example, 10 bit data string of “1110101000” is converted to
“10101001100110010101™ by means of phase shift encoding, and further converted to
“11111010101010111110” (on the assumption that the following bit is 1) by means of XOR
arithmetic to thereby form the magnetization pattern on the magnetic disk of “+1, -1, +1, -1, +1,
-1, -1, +1,+1,-1, -1, +1, +1, -1, -1, +1, -1, +1, -1, +1”. This encoding system is cailed as di-phase
encoding system.

In this system, the sum of magnetization is 0 regardless of the number of data 0, and the
performance deterioration in writing and reading due to bias field is prevented. Furthermore, by

applying this encoding system, the recording density of the track code can be limited within a
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structure of only the address mark area and track code area is descri bed,
and the structure of the burst area is by no neans limted to that shown
in FIG 5 and any one of structures shown in enbodinment 1 to enbodinment 5
may be enpl oyed. The address mark area and track code area of the present
enbodi nent is encoded by conbi ning the above-nenti oned phase shift encoding
and XOR arithnetic. For exanple, 10 bit data string of "1110101000" is
converted to "10101001100110010101" by means of phase shift encodi ng, and

Lo oo ncBRHE R it Rpora b AOANRAON I A0l S PERBBRUTRIG B BBl
mjgngt ' zaaén@n,( PRAL SfslerR s th6fR cFREAR thén fhe Phalfshift dysteit 1o Tinprovelthe Towest 1. +1.

This encodi ng systemis call S -phase encodi ng
system | fireqdeney, aydtherprotilera of H]ﬁpbﬁjdmﬁetld}rzﬁtlm@fbvt‘ﬂ aQchﬁﬁﬁb;d‘i‘@ﬁx&) ltteinef
nunber of data O, and the perfornance deterioration in witing and reading
due to bigesond examples lp Eé@e?ﬁp eliilrthsumrhethﬁow@wrmperﬁpmaycw thé serve patteai ing

system the re ord %lt of the_track cod e.limted within a 17
hnge | oS ShR HASFLY B3GR Al S9o8nd mran 10y Aht AbR Y B o

ared 9, g phdifer 8P R engieafgh& el B2 sﬁ;@hm@ #8156 DG RAY Be LBt tre

phase shift system reguency

anpl i tUdehlg]@diﬂﬁéchﬁﬂcyﬁth&W@dh@ﬁre&hBMré@Men@erV0 pattern of second
exanple"” in FIG 20. Furthernore, the overwite performance of the servo
pattern is i miyopplyingsthsisown pajterh formedhy qoattinng thefaddmsenurlearaaphdtiradkn

FIG 2 1. tter of cour pr obl em ection error of the
rack codOlAGAM M FEFE 95 srréag Frokeh dpseihsdan eRpo pbodiffeghbaq

frequency, t’ﬂfﬁ"ﬁ Hﬁqg \Y: servo
pattern fcl)frﬂ?f)gtggﬁlg% ?imen gﬁ%%@% e aéllaraéycag b’lgg&]l&%&ge area of
the present enbodi nent and the burst area described in enbodinent | to
enbodi ment 5, a reliable nagnetic disk apparatus having | arge capacity is
realized. 18 WHAT IS CLAIMED I S: 1. A perpendicul ar recordi ng nmedi um whi ch
is disk-like, having a plurality of tracks disposed concentrically or
helically and having servo areas crossing the plurality of tracks radially
on which the servo pattern for decoding a head position signal is recorded
with nagnetization information having a main conponent in the direction
per pendi cul ar to the | ayer
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pl ane, wherein the servo pattern includes a plurality of burst-signal areas
on which nagnetizations of positive direction and nmagneti zati ons of
negative direction are disposed alternately at certain periods in the
track direction and a plurality of DC-signal areas disposed adjacent in
the disk radius direction to the plurality of burst-signal areas, and one
DC-signal area is fornmed of conbination of a DC signal of positive

magneti zation direction and a DC-signal of negative magnetization

di recti onwiaTiOe 1 RaMmEm-cul ar recordi ng nmedi um according to claiml1,
wherein the sumof magnetization of one DC-signal area is alnost 0. 3. The
per pendi cul ar rle@opetpendionizd racordise Mediungwhieh ¢4 dikkrdiRe, habidiel pludlifGriagkal
conponent of the read waveform of the servo pattern is alnost 0. 4. The

per pendi cdibpased earseatringynadiclieal yowdhaving seryoares srossingitter gimlignef tBcksi gnal

i 1 act 1 orfHIRY R SVSTHRE g PRI (R PR GBSO LIRS R e
di rect i o B HREGEET VRS AR
nogat i ve TRGNEPRiT NErRRAARA ] Al ot O LYk pSldlRin Rlne taver

magnet i zagigy) direction of the DC-signal adjacent to the inner side in the
disk radius direction of the burst-signal area is opposite to the

magnet i zat i on dvheegin therseyd patiern D@ledagmailuralityj of burst-signak dreascu whicki de in t he
di sk radius direction of.the burst-signal. area. 5. The perpendi ¢ul ar

p
r ecor di ngMAERETIZAHORE ehPeRithy dirgeiiqmaand magngHeations of preative disestionarqdianosed gnal
for conp | tl.zahki | . Sd _area .|l : rack
i ect | ortelitPolBRGRARd AMneha ieehtald Epldhady SPRC. BTl ilfosed 2

i ncl udi noadjdient ifBediEK @aluk diteddion th thegMiREH HEbLRNSENA28618] andone DWSignd - ards
The perpendicul ar recordi ng medi um according to claiml, wherein one

DC- si gnalis farmed of sombinatieh offa RO rsidnahef psity magnetization diseeticorand DG rsignal C
signal s of gosi tive 663%&&? i zation direction and the same nunber of

DC- si gnal %88 Ve TRaenet 9% ation direction, 19 the area of the

DC-si gnal of pPOSTh MéndHENRr rdRtAiAE nfbiiAE bl BRISAARSE, Wifeif BT of Nat of
the DC-signal of nﬂeé&%tive mggnetlflqgation dicreétggn,mt?ﬁe’ nagﬁetlzz]i‘?'l?%iﬁ]

di r ect i ormagnetizaiobGf sngD}sigreall prea édlniost 0.he i nner side in the disk radius
direction of the burst-signal area is opposite to the nmagnetization
direction of tReThxpapedigulasaeoqrding mediunhaccarding toglaim 7,iwherin @iDGsignaln of

t he di sk

component of the read waveform of the servo pattern is almost 0.

4. The perpendicular recording medium according to claim 1, wherein one DC-signal
area is formed by combining one DC-signal of positive magnetization direction and one
DC-signal of negative magnetization direction, the DC-signal of positive magnetization
direction and the DC-signal of negative magnetization direction have almost the same area, and
the magnetization direction of the DC-signal adjacent to the inner side in the disk radius
direction of the burst-signal area is opposite to the magnetization direction of the DC-signal
adjacent to the outer side in the disk radius direction of the burst-signal area.

5. The perpendicular recording medium according to claim 4, wherein the
compensational signal for compensating magnetization adjacent to the DC-signal area in the
track direction is provided, and the sum of magnetization of one DC-signal area including the
magnetization of the compensational signal is almost 0.

6. The perpendicular recording mediuvm according to claim 1, wherein one DC-signal
area is formed of combination of two or more even-number of DC signals of positive

magnetization direction and the same number of DC-signals of negative magnetization direction,

19



radi us, and the magnetization direction of the DC signal adjacent to the
back side in the disk novenent direction of the burst-signal area is
opposite to the nagnetization direction of the DC signal adjacent to the
front side in the direction of disk novenent direction. 7. A perpendicular
recordi ng medi um which is disk-like, having a plurality of tracks disposed
concentrically or helically and having servo areas crossing the plurality
of tracks radially on which the servo pattern for decoding a head position
signal isgrecorded whth netl zation.information havi a mai n, conponent
Tnthe o M ERRN B I fharL RS S okt aTEeRds il B St e olRe
pattern iﬁelgagﬁ- Bofnephiieihhdnét At REcH, 3h i b 2Libaat | ons
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A per pendbCuwighal Adscenttone frestisitde inhedirdcEoslbBdisk ifeRemBa\direstigh.pl ural ity of
tracks disposed concentrically or helically and having servo areas

crossi ng t he plufAgkeipendigblar regoiding mediiml whiclis disk-like, baeing aphoalxtaf énacks or
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of first burst-signal areas and second burst-signal areas di sposed
al t er nat d@llanehavi ng positive magnetization direction and negative

magneti zation direction alternately. at the.sa eriod as that .qf the
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of magneti zatigon of an adjacent pair of a first and a )
adjacent in the disk radius direction to the plurality of burst-signal areas, one DC-signal area is

-

formed by magnetizing it in one direction, and the magnetization direction of the DC-signal area
adjacent to the inner side in the disk radius direction of the burst-signal area is opposite to the
magnetization direction of the DC-signal area adjacent to the outer side in the disk radius
direction.

8. A perpendicular recording medium which is disk-like, having a plurality of tracks
disposed concentrically or helically and having servo areas crossing the plurality of tracks
radially on which the servo pattern for decoding a head position signal is recorded with
magnetization information having a main component in the direction perpendicular to the layer
plane,

wherein the servo pattern includes a preamble signal area having positive magnetization
direction and negative magnetization direction alternately at certain periods in the track direction
and combination of a plurality of first burst-signal areas and second burst-signal areas disposed
alternately having positive magnetization direction and negative magnetization direction

alternately at the same period as that of the preamble signal area, the first burst-signal areas and
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second burst-signal areas is alnost 0. 9. The perpendi cul ar magnetic
recordi ng nmedium according to claim@8, wherein the phase difference is 180
degrees. 10. The perpendi cul ar magnetic recordi ng nedi um according to claim
8, wherein the phase difference is 90 degrees. 11. A perpendicul ar
recordi ng medi um which is disk-like, having a plurality of tracks disposed
concentrically or helically and having servo areas that cross the plurality
of tracks radially on which the servo pattern for decoding a head position
si gnal i sht 8&Rh8Barsitibhhl _af@gﬁﬁ%tdi%)%g%cpﬂieh{hftaff rirﬁafh'e AkNERLOGir& TR (e COMPONENT
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magnet i zghha@diffbreneiatiBy degteésect i on di sposed alternately at the different

period fromthat of the first burst-signal area, the first burst-signal

areas and the d8cbrpemendicuksr graghetmrecmdingendliiwp asaddial teclant 8) whérsintthe
di sk radi ys djrection, the period of the second burst-signal area is 2/3,
1/ 2, or ase dilfersncs §J08e2€Re first burst-signal area, and the sum of

magneti zati on | | I rst=sSignal area.and econd
bur st - si gnal a?ie'aﬁgg&%cﬁo&g?%&%@g%c@n%e‘?}%ﬁﬁ;ﬂ y f%ﬁ’ ﬂ@fd%? P@f?‘ﬁwfﬁ?ﬁi‘é
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signal area having the nagnetization of positive direction and the

magnet i zaadially o whishabe seevadpattent foo deaidingoslesad position sigedlyis sicorded tvdtin  per i ods
in the track .directjon and a track nunber area, .fhe | owest J‘requenC)( of a
ead si gHEDGHZAAR MPEEALON HaKoE 2 5ain componsnd inghe direnfion nermeAdicHiar foe laiegnal
of the prﬁg%g‘ol e signal area, the highest frequencies of read signals in
the prea € signal area, the track nunber area, and the burst-signal area
are the same, ®Rhereltethe serve patteng irhideah pRandic &l hfed Bhviig IRSMagRBRatidtAsr | S
equivalent to the width of one track is alnost 0, and a DC signal
conponenfPogtive fisedtion @ndiiheanapnatizption RE negativk divestivardisposel altermitely én the track

direction at certain periods, a plurality of first burst-signal areas having the magnetization of

positive direction and the magnetization of negative direction disposed alternately at the same
period as that of the preamble signal area, and a plurality of second burst-signal areas having the
magnetization of positive direction and the magnetization of negative direction disposed
alternately at the different period from that of the first burst-signal area, the first burst-signal
areas and the second burst-signal areas are disposed alternately in the disk radius direction, the
period of the second burst-signal area is 2/3, 1/2, or 1/3 the period of the first burst-signal area,
and the sum of magnetization of an adjacent pair of a first burst-signal area and a second
burst-signal area is almost 0.

12. The perpendicular magnetic recording medium according to claim 1, wherein the
servo pattem includes a preamble signal area having the magnetization of positive direction and
the magnetization of negative direction disposed alternately at certain periods in the track
direction and a track number area, the lowest frequency of a read signal of the track number area
is 1/2 or higher than the read signal of the preamble signal area, the highest frequencies of read

signals in the preamble signal area, the track number area, and the burst-signal area are the same,
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13. The perpendicul ar magnetic recordi ng medi umaccording to claim?7,
wherein the servo pattern includes a preanble signal area having the
magneti zati on of positive direction and the magnetization of negative
direction disposed alternately at certain periods in the track direction
and a track nunber area, the | owest frequency of a read signal of the track
nunber area 1is 1/2 or higher than the frequency of a read signal of the
preanbl e signal area, the highest frequencies of read signals in the

pr eanbl e i%nal area, .the tf‘%ck unber area, and the burst-signal area are
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magnet i zadfigpenratk dultfbet hRa ks A1BRey area that is equivalent to the width of
one track is alnmost 0, and a DC-signal conponent of the read waveform of

t he track nunbéd. Breqeerpendidutan stagfetichécording rpalinandtardingto RN 8 WhereRc®e di Ng
medi um according to claim 12, wherein the track nunber area is encoded
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burst-signal area are the same, the sum of magnetization of the track number area that is
equivalent to the width of one track is almost 0, and a DC-signal component of the read
waveform of the track number area is almost 0.

15. The perpendicular magnetic recording medium according to claim 11, wherein the
servo pattern includes a track number area, the lowest frequency of a read signal of the track
number area is 1/2 or higher than the frequency of a read signal of the preamble signal area, the
highest frequencies of read signals in the preamble signal area, the track number area, and the
burst-signal area are the same, the sum of magnetization of the track number area that is
equivalent to the width of one track is almost 0, and a DC-signal component of the read
waveform of the track number area is almost 0.

16. The perpendicular magnetic recording medium according to claim 12, wherein the
track number area is encoded with a di-phase code or a phase-shift code.

17. The perpendicular magnetic recording medium according to claim 13, wherein the

track number area is encoded with a di-phase code or a phase-shift code.
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19. ' Me perpendicul ar magnetic recordi ng nmedi umaccording to claim 15,
wherein the track nunber area is encoded with a di-phase code or a
phase-shift code. 20. A magnetic di sk apparatus provided with a

per pendi cul ar recording medium that is disk-like, having a plurality of
tracks di sposed concentrically or helically and having servo areas that
cross the plurality of tracks radially on which the servo pattern for
decodi ng a head position signal is recorded with magneti zation infornmation

having a main q@MPRIEHherditul P Snddhé GCleb SAinARERERILCH ﬁfﬁ etltf) igglriljﬁq‘ll @K%{eirﬂh@ne;

a notor for rotationally driving the perpendi cul ar mgg retording

medi um  aravkgmethiec ares icknoodedhwidha di-phast eodd @nBitasastiftaodead el enment are
mounted; an actuator for controlling the position of the nmagnetic head on
t he perpendi cull8r Theappreandicula megpeficrgcerditigimediumseeardingde oden 15owhereinghei ng

th d si | . f th d .el enent t te t head i ti

i gnal - ditivdombet 8% intoerEaih £ Boies Frpedrargass 6 ne Servo  decoder
t I dr by L g aks : R 1 .
nctudos. ol ura) Sy ek Sora b UALE b e Bl OE 261t BRI B i

posi ti ve disk-Ekd, having s glupslig ef irdoks aﬁgaseqfcommdamge of héIRGMNY 8Rd BivEnglietRORELS
alternately at certain periods in the track direction and a plurality of
DC- si gnalthafcsess thi plpulisf tadksediatly on whieh i skrvo palitars fofi deeading a head pdsition

plurality.of burst-s al areas, and one -signal _area is formed of
bonbi nat 1 §ebE Tecase R meeRTainn Wﬂﬁalgﬁ%‘fmgamaah%vw@m Briheeecsion

DC- si gnal | . ' LLectian. 2. 1. ' ' .
appar at usp e%ﬁg?iﬁgﬂﬁgﬂﬁgl gerggltrlléd i%%(?tg{rlfog g@%ﬁ%aﬁg drrrllzi\lcrl1 %&%ﬁ\#‘%ﬁ%‘g& lgill%i(é Pf i ke,
havi ng a rpdtordial iniediui; 4 magiesc Heapasweiich anagpklentat And Hreabl @lentent bt rddifhted:
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whi ch alternately at certain periods in the track direction and a plurality of DC-signal areas disposed
adjacent in the disk radius direction to the plurality of burst-signal areas, and one DC-signal area
is formed of combination of a DC-signal of positive magnetization direction and a DC-signal of
negative magnetization direction.

21. A magnetic disk apparatus comprising a perpendicular recording medium which is
disk-like, having a plurality of tracks disposed concentrically or helically and having servo areas
that cross the plurality of tracks radially on which the servo pattern for decoding a head position
signal is recorded with magnetization information having a main component in the direction
perpendicular to the layer plane; a motor for rotationally driving the perpendicular magnetic
recording medium; a magnetic head on which a write element and a read element are mounted;
an actuator for controlling the position of the magnetic head on the perpendicular magnetic
recording medium; a servo decoder for receiving the read signal from the read element to
generate the head position signal; and a servo circuit for receiving a signal from the servo

decoder to supply a driving signal to the actuator,
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magneti zati ons of positive direction and nmagneti zations of negative
direction are disposed alternately at certain periods in the track
direction and a plurality of DC-signal areas disposed adjacent in the disk
radius direction to the plurality of burst-signal areas, one DC-signal area
Is fornmed by magnetizing it in one direction, and the nagnetization
direction of the DC-signal area adjacent to the inner side in the disk
radi us direction of the burst-signal area is opposite to that of the
DC-signal area | t t Qut side i.-n the di sk radius di.rection. 22.
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wherein the servo pattem includes a plurality of burst-signal areas on which

magnetizations of positive direction and magnetizations of negative direction are disposed
alternately at certain periods in the track direction and a plurality of DC-signal areas disposed
adjacent in the disk radius direction to the plurality of burst-signal areas, one DC-signal area is
formed by magnetizing it in one direction, and the sum of magnetization of a range that is
equivalent to the width of the return pole of the signal pole type write element in the track width
direction is almost 0.

23. A magnetic disk apparatus comprising a perpendicular recording medium which is
disk-like, having a plurality of tracks disposed concentrically or helically and having servo areas
that cross the plurality of tracks radially on which the servo pattern for decoding a head position
signal is recorded with magnetization information having the main component in the direction
perpendicular to the layer plane; a motor for rotationally driving the perpendicular magnetic

recording medium; a magnetic head on which a write element and a read element are mounted;
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an actuator for controlling the position of the magnetic head on the

per pendi cul ar magnetic recording nedium a servo decoder for receiving the
read signal fromthe read elenent to generate the head position signal

and a servo circuit for receiving a signal fromthe servo decoder to
supply a driving signal to the actuator, wherein the servo pattern includes
a preanbl e signal area having positive magnetization direction and
negative nagnetization direction alternately at certain periods in the
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25. A magnetic disk apparatus comprising a perpendicular recording medium, that is
disk-like, having a plurality of tracks disposed concentrically or helically and having servo areas
that cross the plurality of tracks radially on which the servo pattern for decoding a head position
signal is recorded with magnetization information having a main component in the direction
perpendicular to the layer plane; a motor for rotationally driving the perpendicular magnetic
recording medium; a magnetic head on which a write element and a read element are mounted;
an actuator for controlling the position of the magnetic head on the perpendicular magnetic
recording medium; a servo decoder for receiving the read signal from the read element to
generate the head position signal; and a servo circuit for receiving a signal from the servo
decoder to supply a driving signal to the actuator,

wherein the servo pattern includes a preamble signal area having the magnetization of
positive direction and the magnetization of negative direction disposed altemately in the track

direction at certain periods, a plurality of first burst-signal areas having the magnetization of
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direction at certain periods, a plurality of first burst-signal areas

havi ng the magneti zation of 25 positive direction and the magneti zation of
negative direction disposed alternately at the sanme period as that of the
preanbl e signal area, and a plurality of second burst-signal areas having
the magnetization of positive direction and the nmagnetization of negative
direction disposed alternately at the different period fromthat of the
first burst-signal area, the first burst-signal areas and the second

bur st - si Al I s Sk radi .y ion, the
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pair of a first burst-signal area and a secon burst-signal area Is al nost
0. 26 magnetization of positive direction and the magnetization of negative direction disposed

alternately at the different period from that of the first burst-signal area, the first burst-signal
areas and the second burst-signal areas are disposed alternately in the disk radius direction, the
period of the second burst-signal area is 2/3, 1/2, or 1/3 the period of the first burst-signal area

e

and the sum of magnetization of an adjacent pair of a first burst-signal area and a second

burst-signal area is almost 0.
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