TI TLE OF THE | NVENTI ON ALTERNATI VE DC- BURST SERVO PATTERN FOR PERPENDI CULAR
RECORDI NG BACKGROUND OF THE I NVENTION Field of the Invention This invention
relates to a nagnetic di sk apparatus for recording the information, and
particularly relates to a magnetic di sk apparatus that uses a perpendi cul ar
magnetic recording nediumthat holds the data by nmeans of the magnetic
information of the direction perpendicular to the |ayer surface.
Description of Related Art In, the conventional disk apparatus, a nagnetic
head i s TOEIOF AHMENYENTHDNdi rection with respect to a rotating magnetic

di sk so that the magnetic head is sitioned accurately at a target data
Lrack, and t hel FHIONARIYBRG-BURST SERVEHRAT CERNEQRAFREANDICU Al gnet i ¢ di sk
has a se & for positioning a magnetic head to a track. One exanpl e of
a servo %E P ecorded on a servo area is showmn in FIG 18. A read

el ement of a magnetic head reads a servo pattern fromleft to right
relatively in FIG 18 with rotation of a disk. The servo pattern has a track

code ar e pACKGROUSID ORSHE BYKENOMORr i nformati on for obtai ni ng approxi mate
head position signal on the entire disk surface and a burst area for

obt ai ni ng accuiield ef fhedintentioni nf or mati on on each inside track. The burst
area conprises_a pair, of A-burst and B- a pai - burst and

a urst an r of ¢ ]
D-burst repedtisigvaitioardaicsiqa WF‘SIFFWCN@?%PQE%“W g reording t%%lmfowahﬁznmndst and
B-burst is,.di.spos i.th _devi ation of half of a tracgk width from.the pair
of "¢, bur BEiSHEREREb b e XA BP0 R el righling® P
di scl OSeﬁteaiﬁnrltﬁaﬁor&a-thaagﬁlg%&mftﬁ@ﬂa%ﬁm iARERMSHHST the didkibh $epeAdiBRgNet i
di sk apparatus popularly. Furthernore, The servo pattern has a conti nuous
patt er n ®ahd keerasnrfagy. eanbl e area to reduce the effect of magnetic

characteristic and floating of a disk. Furthernore, the servo pattern has
an address madkeseirtiontod RgtatedeArtt j ni ng of end of the preanble area and

LT T o o AR S BB T B St °
L5 A G ek pmagionteunlet b tghd USSR s e gl
by use ofatatrpdki, hdighe drifofnaionii$ erittamand fead magnetically. A magnetic disk has a servo

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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1 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
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magnet i zahiANo Pat e pBsitibk ivhBRMABFAd eldmedns extasidioh8dA tHUAd: and Bebdror dRsyS AR |
bit remains stable for a long time. The perpendicul ar magnetic recording

syst em i N-positaosignal gassssapproxithatelyus esormriper tp eddevidtmn fins kheqasjionsThg a
| am nate of a recording |ayer having. an easy axis and a soft |ayer. )
per pendi carvardirguit geprolsy Btayy aetaator §3 Raidenealieothie ppHtiemyheredYpesiten sigegitt i ¢

filed can be nerat.ed.in co rison wth the conventional system because

the soft a@&‘f@ﬁ%‘&ﬁﬁg p’ﬁtcggten%:aeﬁ%%dé}%%e ield of a magnetic head. The

gener at ed stroggtemrﬁfe%&iquJlﬁr_@gﬂg?ﬁ%mb@ allows us to use a recording
““and the

| ayer with high coercivity, an recording layer with high coercivity

al l ows a snal | Phiehit LiterdiererPAIPHAANDEZR(FB4R0DE2 Furt hernore, the perpendicul ar
magneti c recording systemis advantageous in that smaller bit reduces

demagnet i zat i oRatdoteLitepatangj3adt Nbi 1X)73H200% st abl e, and the snaller
magneti zation pattern can b prnmed easily.the nore.

: I el . gl G 20 shows ]
reduction of aff eanted iRideyelap CIRPTYEFapFeIty %Fﬂé? flis ?P%atﬁéﬁlaé? spoall bit
ded . ' f ' i na- )
recorde tlg%’on@i%@ﬁﬁ alﬁiﬁléﬂélg edgsg{ \Qi‘ﬁ{t 7 'ghﬁ&:'r ﬂ{a)%ﬁe&ngzia{%ﬁ fittel? “Fu{rﬁfé%gx‘e”ﬂ 153-?&;&91%@that

Her ei n, € frecor ows e ary respective retor

densi t i esh®forrhe@héll bit SMdTAd statde torladBkdine. The pérpendianpanagetic agcordigget i
recordi ng system the |ower recording density reduces the anplitude the

nore as shgom i$ areepdingxystem-thatruses aperpensiiqulay digkeqmipsisivig sdanowted agscardinge

Surroundgd by, B BXe1 251 0 ALea, And LNSLSLAr €.l N Ules, B OSSR 9IRS

stronger magnetic filed can be generated in comparison with the conventional system because
the soft layer 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 120kFCIL. 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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in FIG 20. Hence, the anplitude of the servo pattern decreases with el apsed
time in the case that the conventional servo pattern described with
reference to FIG 18 is applied to the perpendicular 2 nagnetic 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 magnetization transition portion generates |eak
magnetic field in the conventional in-plane magnetic recording system on

t he ot hermagapiir repardingghetemz dihe 6ervo geratcaniptibe sestored by sevariteng 4fieakhipagnet i ¢

field in_ the perpendi cul ar .magneti ¢ recor.di system In other words the
D51 gnalbeCORPO AR HehErs bRk OraGRBl e T 1R Bk r aor di nar 1y ¢ he
extraordi nary net i . i i el i tic
head 1o t hor oy TR gl s B3GR R0 A Daldch denihel i Hlent e fBATE,
As the 1 egddnvéiRnREh ipMRBRR R FRPRIINg Y Slem, of thedtRérthahd tife HhgRHYAMHA0Ee, a
techni que that high density pattern is witten before a servo pattern is

r ecor ded phttern étsel€ gertermtesd edkambgretic BEldsingiaperpendurudposapieiinredG:dfoghystem. In

230734/ 2002. According. to this technique the effect of DC signal_ can be
reduced, oter Words the PEctignal campenant generaies leal magnetis dield entragrdanardpibe i ng

approximately ;.10 t.0.30 % .n .y .the, residual ,area obtai ne ubt.racting
e vi dt I e Bpelon Ao R S Bt e SR BE oo Tt Pt ocs.
FIG 21 %ﬁ%ﬂﬁk i REINER i d 1 i i

per pendi cul ar ﬁcﬁrrllﬁtg)tr{g? |&l(§1 recor glll %g“ﬁg{/ési%’g?‘n“ %ﬁ?“f %ﬁ?ﬁe%ﬁﬁ?f@%&g&%%&&rﬁdﬁéﬁg%y
I's, the peareidthidisatemwge]ftetimiqietthathigdmbity pattert 3evrittey befGoh dérvg paigdiai ty
is formed in difficulty. If the conventional servo pattern described with

r ef er encads regodedo regudeshegfifict efiDCesigned isgeepnsad incH-ArNereld A é34/2002e isecdrding
system the neti:c head | eficient in wi.ite performance.and deficient
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her ei naf tigy widfisoftewitel diner €oai amahakvisitchciarthe satvo omitoprotdss. conventi onal servo
pattern and perpendicul ar nagnetic recordi ng system cannot prevent
reducti on of akri2l sHewsweldiioalbgpsesy reqording densithiand overvetoindhe gemendicalgr

o et o SERetathon e SRS buas ik die Lo Re el
the magnet] §adhs towpRBRRH R n¥y B fo:BWdNL birBBIL. tY tHeoRVQNioH8%ervo pattern
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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To solve the problem it is required that the servo pattern does not include
| ow recording density conponent. 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
conponent of frequency included in a servo pattern is increased, and the
stability 3 of a recording pattern and overwite are inproved. However, the
noi se generated _from high recording densjity magnetization is superinposed
on the reharepgieg paseransavepving rrepreved diwever dbeneis sanertebiromeeh

i tioni . A pat t hayi d bi.t f f
doubl e RS Fagilieyon & Shuscispesad o8 e Tewbsiealoka syad Pl Bt Fome
perfor m@gtg{agﬁg?ﬁsm Eﬁggo gﬂ ad &Rt A §er§$‘géﬁ’{%rﬂ ﬁh@é@a g@:ﬁmyﬂ?{afr k&) g ation

of error track c ue to- conponent caus rom magnet zati on of

t he dummyofblé firdlaierita]l S&fuefidiSis etotdd, Ak tiadlltatle detectivh p&dforkiii@ce Beor di ng
density is higher. To solve the above-nenti oned problem devel opnent of a

new t echmiegsieed. olreaabultzie showmagiriét. 23. dihs Ketrppmtian ofeherviategfdratk eodertiio tic
menory capacity of perpendicul ar. magnetjc recording system and having an
easy-wr i @%p@neahe@%%ﬁvmé?ﬁg@wlgaPgéﬁeﬁimr@)f Rit & METCI6TIRUY Ghige inmee radiisomeen

desired. SUVNVARY OF.THE | NV The present invention has been

acconpl i ﬁé‘%\%%res?&d\%g %%élt%‘gmg#enti oned problem and provides a servo
pattern that i$,giiid &@'aBoxfeO&eﬁthﬁl_e@%Ecﬁﬁé}H,' &é’ér\eﬁ)bnféﬁ%eatﬂe%v fe@lﬁﬁgﬁj&' BGeslpehem In
detail, DC-signal area included in"the servo pattern conprisés conbi nation

of posi t imagn&Ne dislgapplarataridving@atdnvadDas sieguoayt capacity dfipersmdicalar magnetid zat i on
of the DC-signal area is equalized to 0. Herein, the sumof magnetization
of one D@ogrcgnmysmm havingi aareapberitableandcexs eliama SN srIvo petirar of galpelangdifal
are both inl(E:)I uglgd Ry be equalized to 0, or otherw se the sum of

magnet i zatS SFWRSFE s urality of DC-signal areas may be equalized to O
wherein one DC-signal area conprises any one of positive DC- signal and
negative DC-signal. Furthernore, conpensational signal may be used so as to
equal i ze SUMMARY OF THBMSVENIIODh to 0. According to anot her enbodi nent of
the present invention, DC-signal area included in a servo pattern conprises

a bur st - si gnal Thearesegt wvertion laememﬁlislxeﬁé@ selieths shper-menbonedivzehlean  of
t Eg Bﬂ;f tag(f érg)%}dgg a tsehrgo }s)aer[e\{r?tlﬁ%l IISthic[Zﬁ)lEi‘, %or?haeugelrli)ezn%igcuia(% rr?zigncla#cr r%icgfdir}g%glstgrlflf ol t of
detail, DC-signal area included in the servo pattern 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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detected by neans of Fourier transfer by setting phase deviation to 90
degrees or 180 degrees. According to another enbodi nent, DC-signal area
included in a servo pattern conprises enbedded | ow density dunmy 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 preanble signal area. 4 Furthernore, the

address nark and track,h code rea of, the servo tern i s encoded vvlth
ooy o g enah thedmors BRGlagS RaRlE oy tak seduiiey ﬁ eﬁmo PR & gicasied

rer el N, RABIEcAb UendREIIINO SHELER) B HlisROBPRHNGAUAL A¥REPhIRY, D

enpl oyed as g systemo Ss mar code
area so haldidd§seHoQfi-phBEnats &g é}@fknﬁ)fna%rm)@ eBIpldyed as Ble\BcRBhS .%rs&m bBthe
equalized to The bias field induces jitter noi'se due to non-linear
transiti addmsss hirk arcagad yrad ddde atehtso tat fhie sumtodmagneténation pithe ertive sarvapattdran.
Furthernore, the b| as field deviates the bias point of a read elenent when
a servo pﬁa@q\léhw ite Or ead, and thereby induces anplitude asymetry error of

d f Th t 0. t t
Correct i 11 mhbian B8 3E et er B Tubl Red s et R st S bRt Bia
di sk appanaf ld%ef%&)gﬁ%nQ{‘w}ift%kFﬂ% 526 ¢ g%ﬁats*}felid@ atesatﬁggfaggaﬂlt bPa }éaa

present invention owest reco ing density o servo tern may

i mpr oved eRitént WherDY SerV6 paterPBIrtal, B gRrebindiRed ﬁfﬁplﬁu@@lamaryt difor mfgéaast
recording density is maintained at the same density |level as that of the
convent i ovaatfosr Fbe prraentanventidhpropides e aervp petternitiont 19rammerde dinzing end/casyae t er n

that is easy i aturation recordin excel | e i.n Sl and realizes a
i gh- Cap et JPHEaet Ao g QRS RIAEET AR ERPHRGH " DAER BHeDdB: Fur ¢ her nor o
deterioration ﬁﬁﬂ{ du t I t essed
by increasing t Frﬁwe %CP %%l%ﬁ%éﬁgfwehp r?é}?eglgr%gg( rlﬁ)%?dlﬁgla?@r‘{é&g@géent

i nvent i opattddh edydbeSmpreed uad fhatoverwritt Patforntanex €&l beifiproved WHileali€ hightdter

el apse of long tine at high tenperature, and realizes a magnetic disk

appar at usecording densite s mantairfedrat thersgme idpmsity Aevsd psithatofithe eoreveptiensbsarvo

i nventi on, the_nslum of rmagnetization of the entire servo pattern

a
equal i zed@aE00 Therpresey ivgnioR prayidey, S‘?rﬁ%p?)tfeé’égﬁflsl CAVE I PO 0L TPeE ﬁé"Bgon a
per pendi GULAL.t ﬁ%@t@%ﬁ%ﬂ&e@m g:a%é/o?l? BEL hisk gP at{g wftg% YacR AL
as | e gne C

DC- si gnal conponent I nduc | nary
head. As the rRatHeimoftgli&eranidn chitesifug) atapactimatioe witheldpsed 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 pattern
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
bié'iS 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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bias field is prevented. BRI EF DESCRI PTI ON OF THE DRAW NG Preferred

enbodi nents of the present invention will be described in detail based on
the follow ngs, wherein: FIG 1 is a diagramdescribing the structure of a
magneti c di sk apparatus; FIG 2 is a diagramdescribing the structure of a
magnetic head and relative relation between the nagnetic head and a
magnetic disk; 5 FIG 3 is an enlarged diagramof a portion of the nmagnetic

disk; FIG 4 i di agram descri bi ng the. | ayqut of ﬁh.ﬁervo area and data
area. FIG 5 i BG4 A0 Imeadlera A2 BoR ShPicapsEnetis Giskpat tern in
accordance wt | L O l.agr amns

descri bi ng \z,im ng%cﬁ'gﬁ‘sﬁ@?%aﬁ??gﬁggtﬁ‘%hg%?S‘% Og%et%ﬁ]&%??fgﬁg&q%?ﬂg%gnt i nventi on;

FIG 7 is a bl ok ik adizprand @swriblighe dxBRplatnsdri @patens i debidafceokitiateagnet i c
di sk apparatus of the present invention; FIG 8 is a block diagram

descri bi mpgesehtengdntiost ure of a servo decoder of the present invention; FIGS.
9A and 9B are di agrans descrjbing a nethod for decoding the track code from
the read wavef BIGR-&A torfdl e fipgramas despbing a medhqsfes wring theessiyomppttem aftha o j s
a diagram descri bit.ng_ an exenplary servo pattern of the present invention
havi ng DE'SFESTYG " 'QPeas each one of witch conprises two positive

magnet i zation gic e !a%ﬁb%k%%r?xﬁ\aesc%g%tthmr{éﬁ&m{raa Iie%a%eggﬁlt@{ié geg: FIG 11

is a diagram describing exenplary servo pattern of the pres I nvention
havi ng DRepasasfthepiaas imamkionne of which conprises one nagnetization
direction; FIG 12 is a diagramdescribing the relation between the servo

pattern of theFHscsientblockiagnam dascaibing the streatire of pe¢wo deendsr of the peesemignet i ¢

head; FIG_ 13 is a diagramdescribing an exenplary servo pattern of the
present iMFEHPYon conprising the first burst area and second burst area

having phase ceRORRNARI JB&E dMeParid 4BHBRL a method for decoding the track code from

the read 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 pattern 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;



180 degrees each other; FIG 14 is a diagram describing an exenplary servo
pattern of the present invention conprising the first burst area and second
burst area havi ng phase conponents that are different 90 degrees each
other; FIG 15 is a diagramdescribing an exenplary servo pattern of the
present invention conprising the first burst area and second burst area
that has 2/3 the frequency of the first burst area; FIGS 16A to 16C are

di agrans descrjibing.the read waveform of the burst area of the _servo
pattern of theFI&-égém diagrpandgsenbing aprpxsmplary servp Rittagy elhelpsssnt biveptien

exenpl ari1 serﬁf?tpag ern of ftcpehgr esent invention having the track code area
of di-ph e e S e S o ?eaé) &m descri bi ng an exenplary servo pattern

of a conventi opg} 1989NGhLESM d’éséﬂfbi?%ﬁﬁ%ﬁé, ?gﬁ'efj%épnaé@ﬁ &%%oﬁ@%lti%?l rgé%%\f}gggr -

describing a nethod for decodi ng e posi | fromthe rea

of a servgkpppiretusy, FIG 20 is a diagram describing the reduction of the
anplitude with elapsed tine at various recording density, FIG 21 is a

di agr am descr i BiGlg 19Aand dPBiarodiagremasiescribing a methodifergdededisg the rasidioosemal i t e
performance; FIG 22 s a diagram describing an exenplary servo pattern that
uses hig m@aa@ﬁayaveﬁq%ﬁfaﬁﬁ oMMz onvent i onal magnetic di sk appar at us;

and FIG 23 is i : Serl i . r t _ogcurs when
the servo_ pat t oo 20 Rk ARARRE R e dEa L E O B Bl ) B R i et )
DESCRI PThehbufshrecbiinf BERRRRED EMBODI MENTS Enbodi ments of the present
invention will be described in detail hereinafter wth reference to the
drawi ngs. At fFiG2] isadiggremplesonping the otlaiioa befweenniagreetridmgdiesdityand ovegnrée i C
di sk apparatus that are common to enbodi nents descri bed hereinafter will be
descri be@SfPMRECE s a schenatic structural diagram of a perpendicul ar

magnetic r ecorlglld.1 9249, nglagram describing an exemplary servo pattern that uses high frequency
dummy bit in a conventional magnetic disk apparatus; and
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
0f 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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magneti c di sk apparatus that the present invention addresses. A nagnetic
disk 12 is fixed to 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
magneti c disk 12 has a perpendicul ar magnetic recording layer, and is a
doubl e | ayer nedi um having a soft under |ayer preferably. A magnetic head 11
is fixed to a rotary actuator that rotates round the point B with

o RSB B s RSP RIS S fadug € et o
act uat or astbn ﬁg'gcefsﬂfl%@'f[rﬂ}gtsgmdadaka M?{S{)ﬂﬂ[ f(;8r ﬂsr g%?ﬁ%{)@éﬂ]&é&?ﬂl hﬂ&?n?clmn%%g

recent yea ecaus rotary ac m niaturization of
the strugiduhRrd oRakd sackhsd Bt g6 t he  above-nmentioned parts and wite/read
anplifier 15 are contained in the internal of a box 17 for protection from
dusty and noi sTheesttuetunadf thewiagnetivaend 1Thedesrtibed/ widac faemmleitd F&G. ZL5Aivaitan
electric 7 circuit for electrical transfer between the é.n&dqneti ¢ head 11 and
a packageélepsat ¥ fos forpmng 8 mepnedization patigHLIN Piedrrsihdisk 17 and @ read @lamani 21
connector. 18 for connection to an.external st. machi ne ar nount ed .on the
package BuARERERDSIAS Sepiriztie BoTREo RghEeRc TR achtre R tan SRTh N «
referenc | 618 ] Nt ' tern
on the. maRae R Buopp iy e AR o Sk AREnBE: Realian T SRl loniet
magnet i zapicemptisds @rcatltah® haghétic podglhad empmatas angifehbgitic gisldxatvrite onalic t he
magnetic disk 12 to an electric signal are nounted on the nagnetic head 11.
The wri t enaghetiredisk 120herompritsasreat $andl flamg thraggletie copollbe waitlelgmapt2ties a
wite magnetic field to i on the, magnetic disk,1l en a wite. current
o gnal |1 DTSt el e el Tils BB arbsibmprogerEvitB adrar Boleytd i 1 1 o
el ement eluhipic! MBteatahDRA RIS EEmRQX 'a%‘r?%nwotﬂasiaimeﬂso?% Gnfd a
return pole. 'Furthernore, the read el enent” 21 conprises a nagneto-resistive
sensor t gnaghétehesistivg REfeet-is gplisd i ané tief fesistandeschangd ofable seaBet it Heedtedicthadbe
change of the sensor is detected to thereby read the magnetization

i nf or mat iread thf megnstirgiipnaniosmationof e magnstigdighd2i dhtvemagnetit head 11 s4ldating em

the magnetic disk. 1 i t.h .ipterposition of a very narrow space with aid of
an a1 prissgegnsts Ak LR PG oL A P R TR AEH Y PR B et |
di sk 12. aﬁé';?%ﬁ%rdaﬁrﬂ&v%aﬁs%agﬁ%d%fahhghla hew @tk e magnetic disk for
describing the layout of servo area and data area. The area on whi ch many

tracks of concEitl.Biicarcémaked partidpiavadf the nmgdetardiskhfer desagbiaitice ldy@kt off servdie

data area, and the area on which areas fornmed radially crossing the data
ar ea area and data area. The area on which many tracks of concentric circle or spiral formed on the

-

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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is the servo area. The track width is extrenely enlarged for description and
only five tracks are shown in FIG 3, but nore than 100,000 tracks are
formed at intervals of about several tens to several 100 nmactually on a
magneti c disk of a magnetic di sk apparatus. The data area and servo area
are formed magnetically and cannot be optically discrimnated directly. The
magnetic head 11 can be noved to arbitrary radial position on the magnetic

disk 12 by the r y actuator but nust in tr ration
(fol I ow AGYC Rt H“‘i@é[ﬁ’é‘é?mt%‘%?“éﬁég‘? FITYO HiF8 8K é@?@‘i $h %e%ffl@sﬁé’tnaslg“é
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al ways rreasur e GCRERRS th¥ lay o@tﬂﬂtﬁé’k@r@d‘r&cﬁndﬁatara‘?é@tﬂﬁ@@zlvo\ék&raﬂﬁ l49n 28fa drde

not or and rotary actuator and the effect of positional deviation due to
t her mal dikpesad labeﬂnﬁtélytdl@gﬂbe Haedtioalof disk tnesnesieatidtabbe qealuntethals] ed 1@ @t i ve
position information of the neti ¢ head and nagnetic disk is called as
head posievierah huidgefisiservozanens lgm%oap%mrcéepf@ iskleIne datagregi (i1 xih divadasd

Pt te:r oo EPBrls ok ERY ane ek ar ST AglrabS st entio e B B Vo |
Sional L A Aen RSO SR VR SrRas ShABake MILOYSIL bEs 11 BAk ISNSIY ©

a nmagnetic appar a servo area and

data ar egouddi@s 5&& ftadh@ add@fithd 3¢ veranes bteemattgepeatidfotnhesm alied datahenes t he
direction of disk novenent at about equal intervals, and 100 to several

hundr eds regitten varyeftendye w.ﬂes potedthewthenband the servofarca igiivsikien by e mikeeniner ea

#1 d t alit t t k di d t
bl Ut al ¢ apnsgusPlan) Gk Shpmeplotias breeiie nd 3l adt By BeRice X AR nil uni ¢
f dat

or data sé%b %Jeg % é,?(ggtgﬁ gr% QLIQ j[dlalg%ar@ﬁh garﬁéxégg%f\m%& %o Qlysto?o nQ dREMRE @%tween .

t housands byte sev yte managenent 1 nfornmation

The dat ati@vaidte eRmeh€Y0 hid @Ad Viempntaf 1t £4d thy cltangé 6f mobether@Rpédde FAGh&s hand t he
servo area is witten by a maker in a manufacturing plant before shipnent

of the pdiagrat Ofatmﬂkwrllargnd)tn the drrefmqntctfélmclbyv@huser The servo area is
isolated from dat rea w.th ar e sorb the distance
bet ween the ea“eqng??gﬁ?e@(?fﬁﬁ@g?%ﬁﬁmﬁ? hg’f%ﬁ bFae change of novenent
speed. FIG 4 &ﬁn dngbﬁ’t%am of tracks enlarged in the direction of track
wi dth. Next, an e Iment of the present invention will be described.
<Enbodi nent 116l &is ddiagrat disadisiagng esaiplidyigrv@patxargilaanapnsee dick pppdratag of
a magnetic di sk apparatus
of 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 easy understanding the expression that the magnetic head moves on the disk is employed
in 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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of the present invention. The left-right direction on FIG 5 is the
direction of disk novenent, and the up-down direction on FIG 5 is the disk
radius direction. A nagnetic head is fixed to a rotary actuator, and a
magneti c disk noves fromright to left in FIG 5 at a speed of 5 to 50 nis.
The situation is relatively sane as that the magnetic head noves fromleft
to right on the disk in FIG 5. For easy understanding the expression that

h d he d he.f ol |
descr | pt Fisresy B <R Sh Balkuigifor s 3 R R ¥ikeociel o 8%9}&@% Bwealé%ngn
that are oﬁ@DY;Osl & %%a??m oh3 gaﬁétﬁof@h@ﬁgsﬁk Qpbéldlm'e:hl%o ris8s Q

enl arged nore in up-d tion than t-right |rect

conpar i sQT-wighdls Baviae pesitiveraad Regdtive diirgbti@p@an &indtzatibhehdy lalfeSihv@E@@achS)ther.
described in the present enbodi nent, and the address mark area and track

code ar edn thielekebplagessevad fattdmi showhen FEaby dinadXii-signal Biea ®erprsepRCtsigmlof t he
magneti c_di sk apparat us of the present inventi (%n is characterized by the
struct ur 83Gpg B@sl Yegwélne&%teva Iggtiory ?fénmegzajwalo Hhesgmesres Harbgmy@attPonal

servo pattern n the sane
directi oﬁquaélﬁa e ') ?ﬂl% ]Fne%ne%?at %%ﬁa&%g??g%ﬁng%%’aﬁ §lg8£1 fl‘é’\ ge val ue in
any one %mﬁéﬂsﬁﬁéﬂ Ske m%eh%oﬂﬁ@ﬁﬂbv%ﬁ@n caBackCTHE Sialof ﬁfa@ﬁet&fauém yBEVO
pattern of the present enbodi nent” conprises a plurality of ~DC si gnala

havi ng pegudlizedtosthbly adjgsing viee mhisiteatdfoisingfuraipe et failaid-dowh bdde GTeCisipnalsse
each other. 1In the exenplary servo pattern shown in FIG 5, one DC signal
area conpritheukusixe. the g(napeglsatmeli THALSHZAtqny éowﬁwrﬁhaaml%mmg@@temﬁ cemplex
magneti z same urthermore, to equalize the sumof the

f
nmagnet i zg‘%hfegﬁ"e?%n}(? REPPds frp regb'htg‘ls Gfensati onal signal for conpensation of

the magneti zat h Qibhhiub Fk @.HI)F]Rﬂnﬁ’@ﬂme%&%%ﬂ&ﬁ%fﬁ%r@%nﬂ@rﬁ%ﬂn%ﬁ’ttlkOn may be
equalized to O by adjusting the position of rising-up edge or falling-down

edge of Décsibghaith refedehteototFlGsé.ng witite coaepien seplieda a weignetinzwatto 6orm thewever ,
the timng managerrent is conplex when the servo pattern_is formed in this

case. A PaltHR ﬁhﬂ}’ﬁﬂ mdilGabdy gPWW%WFW%@rS%WB&% FKG- (0B suprliedvaent
glrjﬂsgld: gg%sd 1%n gtlo 0 %{é e'ie%tl&t% %edlg‘tglclezlog’:'l/ZGLr \A\Mi{}lt ﬁlﬁ urﬁygc%mﬁlgte a

eeene orm atterns
Fur t her nBgt@srn ﬂlamsl th€ st Fa8Bin if MRV #1 Bf RL&rst&Bd IBSb@ngdl 0ok fat HARhEL Anal

deviation of the wite elenent by a distance of 1/2 track width to thereby

conpl et etle position of a half track width of C-burst and D-burst. The reason why a space is formed at the
center of the track #1 is that the magnetic head having an erasing width wider than a write width
is 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. 48286/1989 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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pattern that is the sanme pattern in track #1 of A-burst and B-burst and a
pattern that switches at the position of a half track width of C burst and
D-burst. The reason why a space is fornmed at the center of the track 41 is
that the magnetic head having an erasing width wider than a wite width 1is
used popul arly, and the size of the space and exi stence of the space depend
on the characteristic of individual nmagnetic heads. The wite currents

h d i
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wite current, or otherwise witing may be carried out while the timng is

bei ng geareplaﬂieedSb aaddath degodand andihehonpnlistl to Hs hostitiraigh ae mteifaceafifcuit wiChdrout
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host, angg ﬁe{]%ﬁ%@tak%%t POAT {0l dututS £ BilitableMulleft $dlgNR! betsh{)ﬁli&ho theddtady
encoder converted wite current signal through a wite anplifi er 15a,

and the nacmmmdﬁt adl dperatesi pfredetérmintdoPetabiponusgich thfollongmedndsedle adl cdritrol Theuitw i t e
fieldis witten in a _magnetijc drgk 12. The magneti¢ head 11 converts | eak
field geﬂ’@?ta‘?fédoﬁ‘rfﬁmlﬂﬁe’%éﬁ@%@ thesgoroeessigg @f edthole read si gnal when the

d d h | d
Chr ough 1 he. r oSt okignpF PERE s Biet PR bt G RRPF G, A BT, R

host t hr gyglnans rd}ﬁ&rctrﬁa%&mﬁrgr J«henﬁh@magﬁétréqlegegeﬂerea ?%ﬁ& ﬁreﬁnaeareect
head position signal fromthe servo pattern of the nagnetic di'sk in

par al | el theighin cdaheegam cargrodladis fixad atthe tiate point Witea theaddpess intark ateacmma:rtﬁs t he

head position %&al with the target position to calculate a suitable
current %ralr&@ sofie tsagksoiesres and brgstraé%aaasr?noe& ized with ke pregrgbls getkifuds. A

predet er éjﬁﬁ’gr% S‘Féﬂ}%{] as3 Hﬁgr tﬁgt Jll%les teaﬂje ugl? of Tﬁé t‘%&’c‘i&tc%ﬁé \ell\ﬁe'g %&J bﬁe

functi on O contro W an I'mng ese eSSI ng as

oper at i O&ea)fo pdescikively d acRaAR detestod as&rdeme thakk bodeetfer gfeGead Qa‘Fdf&m 8fthé gai n
controller is turned on at the timng when the nagnetic head starts readi ng

of the ptrakrdotearsn passes thhmighaidecode filkrs, 44 eonyeriern; ehd EIR fikerf | xed at the tine

poi nt when th el'h%ggard%asve or{ni%ug}gl?e% tot Shedsgltv%cdtecoder and the read waveform that has passed

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 0 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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and signals of the track code area and burst area are normalized with the
preanble anplitude. A decode filter is a band-pass filter that allows the
wite frequency of the track code area and burst area to pass selectively.
A peak detector decodes the track code after the read waveform of the track
code area passes through a decode filter, A/D converter, and FIRfilter. The
read waveform supplied to the servo decoder and the read waveformthat has

passed tgr ugh t he %R filter fhe shown . in E[.G 9A and Flg 9B )
espect i vVEITyA BIRETCSHE DS ARt T B OAVER ST SrTeEHEnIE AN BRSSP i s
suppl i ed bteQnghtI@@t. ﬁhp%ﬁg,%&rpoiﬁ}%gﬂge'ergﬁd %@m%ﬁtqwﬁlati ﬁnéf%ecﬂ'zgﬁ;f‘agn ,t%ﬁig has

passed throu I'ter. etector distinguls ased

on the deheghil Waveoirs vithayslamplileagd@h@ety BRbKc A& btDted LB%Q%&)I}Q% neiseenace
with the address mark pattern, and the track code detector decodes the

servo patpatem affthd present awlhodmeeat, a megnetithiskbappetatusdeitiebigber toek ddestytibe

anplitude of the burst area after the read waveform of the burst area passes

t hrough tiRd1Zgd Pedheutiany special dgvisg ndprovessingfor fpraing festo RIe@et or detects t he

anplitude of A-burst. to,D burst by neans of integration and Fourier
PP gle

transfer of the i ned just after A/ID conversion. The structure of

the servo patt gi@, 1@fishBeheRi#ie QA IRAVNE BhotESGb REHNST §sE13BPURemEguUal | Zes
the sum of magneti zation of the entire burst area including the DC signal

ar ea and acbordstceavithathapresentimeheody Tle @rvepuateasofi the presait leinbbliengpehdsathaance
deterioration due to bias field arising fromDC-signal is prevented.
Par ti cul atmgturevgihichragDG-signaliarsanomymises twargsidiye yagnetization PC-signalygrditwyr e

suppressed in witi . ang. the .ser ttern. w correct timn nd | ess
P Trer naceeteliivengPyig e B el B Tiallschelt M pan et Phate et
mai nt ai nege 6oh LEGE |n¥al§h&izraﬁéﬁi bf@e TANGignhiNReds SR MRVET PRITT M S Patltéﬁ Stradieiit ude
asymetry error can be obtained. By applying the servo pattern of the
present anbeddramigeods thagerabodimantskinahpahatnes ofDCAsifnaldie mihinsicéd aniighte i S
realized wthout an)[é. speci al device_and processi ng for form ng servo
pat t er n. thepkesdphigtbiasfield the mage ard the sumertmagactinalign 30 kawsinriepdda Oy widhout
enbodi nent . Oftha Servo. O%Edtr%r n eitinati accor dance with the present invention. The
servo pat‘fsglrgn of I?Iﬁél_ ‘B esen?gnen%p I'ment has the structure in which one
DC-si gnal ar eaThOERVS Shferd YOthe Prekért ¥RbOBERAE {sZ6tnh QbyRedhs 8N HeSaRB Prdcess as
negati ve magneti zati on DC-signals and the four DC signals have the same
areas. Asusthm theesubddiment 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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the sum of the magnetization of the DC-signal areas is alnost 0. This servo
pattern structure is nore advantageous than enbodinment 1 in that the area
of DC-signals is mnimzed to mtigate the effect of the bias field the
nore and the sum of nagnetization can be equalized to O without wusing the
conpensati onal magneti zation. The servo pattern of the present enbodinent is
formed by nmeans of the sanme process as used in the enbodi nent 1.

Furth t.h [ t f th t [ t decade th
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deter i orSrron o purBr LBl Ginjtal Bl DPRE AP e OB PR P an

readi ng embpdigrant edweddtdihaseivb Patt@aWf thedproRanghbsdiflesiis apnatakss witkdd  hi gh
track density and high capacity is realized. <Enbodinent 3> FIG 11 is a

schenat i anticaggagrhiathich sgotamyiilee on drbread elementdfecadse oS e magiraizbiomreversal in
accordance with the present invention. One DC-signal area of the servo
pattern 6ncPhesighabawat invention conprises one DC signal. Narrow spaces
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DC-signal area of the conventional servo pattern shown in FIG 18 al so
conpri seswhichneaddetizdtignalf DMhsigral @reas dretdrsedidtitarachpadods)endrietsamrofof t he
present enbodi mrent has two, DC-signals of positive and negative )

magnet i zaagoetizdtiowel I20rackh istalmes Oadihgdager tha reveesabipesiodrig dhalorgedtheddasfedd wi t h
i nt erposition otr th@ ur st.-si gnal ar.eﬁB andl.th sum gf nagtgzghi za%' on of a
plural i t PPNt IBEE BT Aroblpa-L 5reduifeiie pauslizehe sume] maen OBE OF GIFAM" of
this str I0Si I : I .

i gat e TRRaGG A aRROR i bRl e SHRIO LR pole RS I afer e LG ehain |
however, pble@0s end eetyratpbrr20babpioinyielgzeft Lettiocksarhé 6 inaclapativd agdasts i n t hat
unnecessary bias field is not applied on the read el enent because of no
magnet i zatagoetizatioepisAf-signal yaes Xeragdy et ispauiyalenbigribe wadthded thsf retxm splgnal

o 1 acke mcy Rl s B B Y buBTTBRE R Ly TP, i RS Syt Pl B anpl e
de m;cfsa%&mmggﬁtt& Rl doRPerfibndNse o PAREMANERE ih BIG.Q8er sed at 6 track periods,
The servo pattern of the present embodiment is formed in the same manner as 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 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.
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magneti zation of 12 tracks is alnost 0. The |arger the reversal period is,
the larger the bias field becones. To solve the problem it is required to
equal i ze the sum of magnetization of the area in the range equivalent to
the return pole of the single nagnetic pole wite elenent having the main
pol e 20a and return pole 20b approximately to 0. In this case, the 6 track
period at which magnetization of DC-signal areas reversed, that is

equi valent to the width d of, the return,.pole, a half of 12 tracks,
O e o ber 1 TN Gt s P RRRD T i oo fhe sapE araner Fed

equi val e([)hfe %xﬁ)ohﬂﬁen??”fﬁﬂ%rﬂig?é Rl @B&@%&uﬁ@?ﬁ@n LI @ mdPe JQ Servo

pattern e presen ent e Sane mannmer as used in
the embogioRR0ér, Ameﬁiéatfbxeddﬁ%ﬂmgtahﬁa @ﬁUHed@l%Td@éd@ie@%eéd"}%sﬂfo%%@ghtal R REnt
can decode the head position signal by use of the servo decoder shown in
FIG 8. Byra@pipld, thy dnfditsderof €-past &rdrD-bofst iswmpstdsientheendibdavedorn attthe
performance deterioration due to bias field arjsi ng from DC-signal in

writing awlqreédandg}m émplpf@d@ﬁi écbur%ﬁad Bsbursids plangt ¢ for thepad Warelgrsiat the

t h t d | i
Bboai mentoorB b Pa gt FECTAE R ke fhlonn 2o EmEaRB i elifo PR BR0G e o
a Servo Qx?&f)e&.?st lidequilif aggfb&ﬁnam o 06 fAlloRP ERTcchBY SRR, [N Lhe present
enbodi nment |rst urst-signal area t equi val ent to a burst-signal

area of the cofurgim@athe phiseof prtfireyburshdwmal ima fa(be kduaized & thecsmbe
burst-signal area that is equivalent to a DC-signal area of the convention
servo papte@mhleaétr@ anfl ghehdse afitbe secprd bm&ssgn% a@naﬁ dedayed bsAd dt:greeﬁe@o et ofir st
area are _re s that .are ut. dif i n phase.
A exenplisiyodurdoa et %%mg%%enﬁip%ﬂ of e Pitis detimated f &7

bur st - si 19 t nbl e
area andg ergétgglﬁgﬁg%anuré? egl gﬁﬁ{}; ar ea aewﬁgSﬁg‘Q%Hg@g P%a{[ﬂggéﬁﬁlpgﬂ; 180

degrees ftiowh inlTAGH 14 &dn tatdlst formehial thes@fe mbinetas useri thepahbedienof. Albehat
present enbodinent is forned in the sane manner as used in the enbodi nent
1. Furt hémepthe syncheonsus cleckimep e osqillaied withHewirtimes the Geqeenenio watagrele 90

e, 0 O 002 FRAREADE DERS I8 detotd head pos) i on
o, O Rt UL 0y L R,
The posi tlookisafwitched whérathy secohd dtuet-sigBaliaseacio mritieh] @te borst da¢ctdrved thenarvd ude
of G bur féacoder shown in FIG. 8 functions to separate the first and second 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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and D-burst is equalized approximately to O to follow the center of track
#3. Furthernore, the phase of the first burst-signal area may be equalized
to that of the preanble area and the phase of the second burst-signal area
is delayed by 90 degrees fromthat of the first burst-signal area by
adjusting the length of the area that is designated as the conpensati onal
signal. An exenplary servo pattern is shown in FIG 14. The servo pattern

shown i ny t%ig%a‘f@%g?ha?fsi %Igﬁ/%{e%?{or@e- L dhaf 8y 3@{11% gngvpggl‘ﬁ%%essgrl{/%%%‘ftéﬁ éltéehs\j th

errbedrren]?uri. e synchronous y SC

four-ti NMegmkeThé ﬁ&gﬁﬂ&yoﬁtﬁe Wedoh® bARt-5138a1 Aka 19647€8/3dRE A¥QENSLEOME first
burst-signal area. Furthernore, a clockK having a phase that delays 90

degr ees biirensipie atbal e bérne pattetn ddiheIpeessytrinention isalsd factedirythbeargenanadred i n
parallel, and the clock is switched when the second burst-signal area is
wri tt en. asTksed inuths embedigeniol. Af thetieng shagynchieparetockimasrbe ascitlaed vathf iies ons

t te the first.and b -Si | .. I'n detajl, d
waver of SITANSIEB AT AR Ko REDSOTR P (B D ead e EEre G o PP et aas er
and the [eadh AMELOLPL R SAAALES] B0, AufomRaneNt of the first

bur st -si gn area as a si ng comnmponen conponent of the second

bur st -si gnal aFI6a164 sBowdsieae wWaeslaM&TA-bibEthhtas RraidGY theGlositidh SF thededdect i on
by neans of Fourier transfer is enployed conventionally, it is sufficient

f or real eleinegt showe ipFEsdint Twiveadi wavreformothatdd famied hyreedingribe fundarhental

tputti th i t d i t. B | yi . of
cutpu {18, 1 7E, FRTRSREDL 1, POV % STBEnent DL TERLILIT. 0L L,
022, o2 LB 5L GPBL 0, AR R P90 At sl o

capaci t Y fits bti@alip# drea abAHREhaBHst-Signdilafea. 1P détail,ahé e MRl Efordigearay Sani ng
anot her exenplary servo pattern in accordance wth the present invention.
I n the pthes’®¥ coambrtadtinwibiected t6 Fowtiertuansfer sridptha keadrveayefdrat is sepaeaded saailgnt  to

econd 14nangrCs f shods B8 Na P BT Brosl ehee s DESUrRgRaP! HPAF SRS
convent i gRal. cRGHKA: B3GR @Y sch MMl TRl LeBHENPHR ok e I8RKLeo

burst-signal area 1s”set at req y of the first urst-signa

area. Theasedey Q/2t8¢ frequency, ahd F1Gr BEEsHowsheRhd oaveform s ukarimetheiffeqhfiysane
manner as used in the enbodinent 1. At that time, the synchronous clock nmay
be osci | Aay ede of thasegead yyaeeforms is 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 FIG. 22 is set to the second burst-signal area. By applying the servo
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the frequency for witing. A clock having 2/3 the frequency nmay be generated
in parallel and the <clock is switched for witing on the second
burst-signal area. FIG 16A shows a read waveform of A-burst that is read at
the position of the read elenment shown in FIG 15. The read waveformt hat
is formed by addi ng the fundanental conponent of the first burst-signal and
the I ow frequency conponent of the second burst-signal 1is obtained. The
burst det r : oger Lp Fl G 8 j - rate
fFir Snt%ﬁ%r?l of (aIe sptrps%nfe%lyo%rqg&t ﬁllg e 181\(\%&[3? I \Jv&lnr%asle%rfattfeﬂﬁg 1@@1&03/?& gn(?%e

t he urst-signal area andl secon urst-sig area.

read wavef oihmiogsessiaedud WikhighBerAkReagivierdfized.s subj ected to Fourier
transfer and the read waveformis separated easily. Though FIG 16A shows

t he read wavef eEmbbdinreadody setting a frequency of 2/3 the frequency of the
first burst-signal area to the second burst-signal area, FIG 16B shows the
read wavef or m Fihd(/ isia schemyatic diggrany ghonang gnothg ¢xangaryl o cpriasn misecqrdarte
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exanpl e" shownli the For@entioral serve gattarableawn noF1Gh 48 ethe Apth droff thyetrack cpde treris i n
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attai n t h@doy aiews regatpes difctiBm6£madinetiddliond Bhefefisre e MdrethetnatbeLoV@atpatd er n
described as "servo pattern of second exanple" shown in FIG 21 is
equi val erthe moretthe sur efplagnstizeeon/devisdestte magatiyeWirieetior2 /18 theease pbgency is set

to the second. burst-signal area, and, can.attain the.overwite perfornmance
of -0 dBeGEIHeaHEreeEn fearafhe i e BBn it rasPRtion faisss LBS hed o
ebodi Merthag 8 @RARh 3SR aHoll AdVRtse b0 FubNEmdP (onts GRehils 19 Bines or
deteriorat&d in conparison wth the conventional technique’in e oubl e
t he frequgsteyn spatuin depehliGg oA2hé Backatuntber,tthereselinpdddnsitysdf ongnedckaiféde By
applying the servo 15 pattern of the present enbodi ment, the perfornmance for
writing senventigealtragkceds arefiis sedigediidl/ B0 ondggprfithe regpislinggapsitaeiibe Rrsambig gher
track densit)f '{s realfi zed. .. . . . s

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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<Enmbodi nent 6> FIG 17 is a schematic di agram show ng anot her exenpl ary
servo pattern in accordance wth the present invention. Only address nark
area and track code area are described in the present enbodinment, and the
pattern described in enbodinent 1 to enbodinent 5 is used for the burst
area. In the conventional servo pattern shown in FIG 18, the data 1 of the
track code area is encoded wth the magneti zation pattern of "+1, -1, +1,

-1 d the data O i ! dwith th i zati tt f "-1 -1,
10 e S b P e s oro FRgh e iate: SRl G mns
negat i V?g&h%‘?ﬁhk?ﬂiz&fon@?@f@%ﬂ%a@Qrea@?lhg)fsp(ﬁ.e’ the nore the nunber of data

0is, e nore € sumo 8t1zation deviates to negative direction. In
the case of theheRRRRYAREGW ARE PrognetinBodigal Gicd Bobydiii binfifledevd dtdveris Of
magneti zation causes bias field of a nagnetic head and brings about adverse
ef fect. Hetetib@tionofyritd asdreed petfomaghe.| Kurt@rmoneglsy applyingthés éncodingaystamthe
dependi ng on_the track nunmber, the recording density of sone track of the
convent i &farding garityofdhe Hadacqds car b bipyted githim pragee fregsthe fecopling densitythag

density of the preapble area. | case ,of per.pendi.cul ar,. magnetic
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conventlo%al servo pattern is apt to deteriorate wth the elapsed tinme. The
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enpl oyed popul arly for products of in-plane recordin system Furthernore,
t hough aFyrikermerd, thegpiosting Hensiyrange 1o equi vadent ﬁfacs@rww%em@aﬁrrs@xm&déprt h

t he magnet | ion ttern of "+1, -1"_.anpd the _data 0.s encoded with the
rmgnet 23t [ 5h ZbeitRs S0 pitem ¥ porc sty B e Yo iR SNty

di sadvan | iBnprb\RLthe Bersniie HrftRAAGE IFAAthERRore 48Y k@bRnd QerR$ ofiikect i On
when it :S%gfg%rgrl’gll}}nledimth t he perlgééndi cul ar rragnetrie’c recor dIi]%g s{}gtoem as in
t he case tratk ¢tide bf the sereo gattgn SetemFIGN22 hewhith kighheswdding densitgtiserplapet fohe
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the presdammypioangssdomyihe respedine densityihatdg e sapans bt plihe ereambie argg to the 1+
d "-1, +1" Jvely.. ThisS.system i | Led as..ph i £t di
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DC-signals of positive and negative direction of magnetization 16

in FIG. 23 is prevented.

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 called 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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that have the sanme area in the exenplary servo pattern shown in the figure,
and as the result the sumof magnetization of the DC signal area is al nost
0. The servo pattern of the present enbodi mrent does not generate bias filed
and prevents deterioration of wite and read performance. Furthernore, by
applying this encoding system the recording density of the track code can
be limted within a range fromthe recording density that 1is sane as that

f th 1/.2 th di iLy.  Thi i densi i
caui val it g rve bt i Dl BB it R 2t b mee Poile GEF 0L p A oY '

effectiv I R ' | ' gggg LSon W th
t he convg%%?%%g?ﬁ§%§$gn§ggﬁé?ﬁ#ﬁﬂ%8%¥ﬁg€h%%%gﬁgﬁgggggggﬁfﬁge eng?%§$range IS
equi val erfiequencys@idvie pabledt 6f ahplitidSiedaativiik enpdheds shodmlyGserdd pagidid of hi s
servo pattern is nore effective than the conventional servo pattern to

si gni fi caatdnd exapplel en Fiie 20v &unthérmorg ¢hd ovemariteeper foomtmeratthressertongatieacior di ng
density of the track code of the servo pattern, sh in FIG 22 in which

hi gh recdPRrHgd aeOMmWITE "R eE @ffﬁecor@ﬁm a 3}2@9@3 4% DML QEBEdI ng

densit y ttﬁg robfe t&ede%g[\[? %%mtmﬁe %&ckt&) e Qﬁm BA98% 1% )grlgg ntgc%l{) | Esettplee
recording'd nS|P§, and thr's recor i hg density rangé”is Si nl?lcancﬁy

differ enthié}{e@{’ﬁ-édﬂgﬁcy i9thetAMeRE GRGREaBE S ARRY. As the result, the problem
of detection error of the track code shown in FIG 23 is prevented. FIG 5
shows anot her Byeapplyagths sarvopgtit Ermed oy ichmbprigsthe tad drehodarkenta arifiteack
structure of only the address mark area and track _code area is descri bed,
and the <ofgatey Pgthéﬁ)r"fsﬁ@ enphodigpend pad thedbupsf apeg defcaibed in pmbedimest k #9at shown i n
FIG 5 and.any one of .structures..shown in , enbodi ment Ltao enbodi nent 5 may
beerp! oy oS eI N B U PR PR e Pl s Y et

enbodi nent is encoded by conbi ning the above-nenti oned phase shift encoding
and XOR arithnetic. For exanple, 10 bit data string of "1 1 10 101000" is
converted to "101 01001100 1 100 1010 1 " by neans of phase shift encodi ng,
and further converted to "11111010101010111110" (on the assunption that the
following bit is 1) by means of XOR arithnetic to thereby formthe

magneti zation pattern on the magnetic disk of "+1, -1, +1, -1, +1, This
encodi ng systemis called as di-phase encoding system In this system the
sum of magnetization is O regardl ess of the nunber of data O, and the
performance deterioration in witing and reading due to bias field is
prevented. Furthernore, by
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applying this encoding system the recording density of the track code can
be limted within a 17 range fromthe recording density that is the sane as
that of the preanble area to 2/3 the recording density. This systemis nore
effective than the phase shift systemto inprove the | owest frequency, and
the problem of anplitude reduction is inproved as shown by "servo pattern of
second exanple" in FIG 20. Furthernore, the overwite performance of the
servo paWﬁA'TIS%LAIWﬁY§d as shown with "servo pattern of second exanple"
in FIG 21. As a matter of course, the problem of detection error of the
track code shown in FIG 23 is also prevented because the highest frequency
is the sane as the preanble frequency. By applying the servo pattern forned

by conbi m ng. tmenag@lem(easskn@fp&rawseproaf&dtwmla @pélelial@amagndtiterepsrdagnt
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is formed of combination of a DC-signal of positive magnetization direction and a DC-signal
of negative magnetization direction, and the sum of magnetization in the range equivalent to

the track width direction of the return pole of the single pole type write element is almost 0.

2. The magnetic disk apparatus according to claim 1, wherein the sum of
magnetization of one DC-signal area is almost 0.

3. The magnetic disk apparatus according to claim 2, wherein a DC-signal

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

4. The magnetic disk apparatus 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.
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is formed of conbination of a DC-signal of positive magnetization direction
and a DC-signal of negative magnetization direction, and the sum of

magneti zation in the range equivalent to the track width direction of the
return pole of the single pole type wite elenent is alnost 0. 2. The
magneti c di sk apparatus according to claim1, wherein the sum of

magneti zation of one DC-signal area is alnost 0. 3. The magnetic di sk
apparatus according to claim2, wherein a DC-signal conponent of the read
maveforn1ofd§ servo @ﬁétern is alnosi O, 4..The‘gP9net'c di sk appar at us
accordi ng t o-cii MpanetifiiskopRpagies pxeotding i clafra 4 wherqip, the, gogpensy ing one
DC- si gkighal @br q@@gichsatie g ivgpnetizatioh adjacdht (@ the BO-sinal feeinDbe slagindireddion inegat i ve

magneti zatjon diJfectio t he. DC-si gnal..qf . positive netization .direction
ond "t hefoVided ot b Sish SR mgepzatomgiae DCHidR ks BN Ba vkt fRubh bhe same
area, trdompensaticigih eiighalas blaostddr ecti on of the DC-signal adjacent to the
inner side in the disk radius direction of the burst-signal area is
opposite to the nagnetization direction of the DC signal adjacent to the
outer side in the disk radius direction of the burst-signal area. 19 5. The
magneti c di sk apparatus according to claim4, wherein the conpensati ona
signal for conpensating nmagnetization adjacent to the DC-signal area in the
track direction is provided, and the sum of nagnetization of one DC- signal
area including the magneti zati on of the conpensational signal is al nost O.
20
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