';e3£$p,VBTXC -1 TITLE OF THE | NVENTI ON DI SK DRI VE | NCLUDI NG

PERPENDI | C RECORDI NG SYSTEM W TH WRI TE COVPENSATI ON BACKGROUND
OF THE i m mnmwm&he present invention generally relates to the field of
a disk drive 1 ncl'uding a perpendicul ar nagnetic recording system
particul arl y°®8*a techni que of wite conpensation which conpensates for
recording distortion resulting from magnet{ ¢ di sturbance. 10 In recent
years, a perpendi cul ar nmagnetic recordi ng systemhas attracted attention as
a technique for exceeding the Iimt of recording density in the

| ongi t udi nal nagnetic recording em.l h ' f disk drive
represented by a hard disk drivgi¥§g ggd?ﬁ?oﬁ%&?&&qpﬁ a conventional disk

drive | ncludi gyt ke GORYEN:OghrkoNBEkbEIBRLUMRANGLFEPEORALB T S em

nonl i near bit occurs i n magnetic recordrng a recor on~a di sk

medi um so t hat é@?Tﬂ@gﬁf$$zﬁﬁi?ﬁ &5ﬂp§ﬁ?AT@8§ition (signal 20 reverse
orward t he i

position) shifts rom nornmal position by the influence of an

adj acent bit pattern. Such a gmeeshine dBteid | apy@hensgenon degrades the
error rate during data reproduction (read operation). To solve this, a

wite compensation opgeapreberd LavesohbacybngraByPekiezatiegnthbr @hsfer into
the normal position is executed during the wite operation. For the

principle of theigtdtefconpessatironef ineludbng a perpeRdisubae the bit
shift amount depends on the adjacent bit pattern, the bit shift anount

(i ncluding direcagonalicsreceddthgdsyshemw paeticnliaglystdekayedhnagdeas a
result the magnetization transfer is corrected into 5 the normal position.
On the ot her had#l, WFhte hecwpersatiore VhtFhdregrensapespéadi carardiagnetic
recording system the magnetization transfer position shifts fromthe

nor mal positi ondtHtaEebPHaRe B hF ATt RECRIPAERAE16i €13DUpREPERN, but the

directiagn differs fromthat of the |ongitudinal netic recording system
The recdﬂ%ing di st or Poﬁeﬁﬁﬁﬁoﬁﬁﬁﬁﬁ’0808?§pgﬁgﬁcgﬁgf Pﬁgn?géﬁsfer posi tion
hi fts back ds. .Th f ' ' [ f ti f
211 owi ng the wtEoRe r oot bR TRE REbRebPea FERERFRETER o pr ecede the
normal posi Ui on b sphpaub! £ | BxLhE4REEPENG] CLh At JRIDELEEAEREOROhRDSY St em

A wite conpensation thod has heretof ore been propose conprises:

predicting a nmagnethealbegi 2A1RYEr 88gROBELT PBCHYa1RE 3gLRERNEnbERepattern
beforehand in a recording signal seriées; and setting forward or del ayi ng

the magneti zati Phel&VEr s&isk nindvenrapcosdaned wiyth hhedadjiareatibet
pattern (e.g., see Jpn. Pat. Appln. KOKAI Publication No. 2000-207704). 25
In recent5years, a shdditipobélyypénheadohasnbéenalisddsasdaiweite head in a
di sk drive including the perpendicul ar magnetic recording system Moreover,
. including the conventional longitudinal magnetic
recording system, a nonlinear bit shift occurs in
magnetic recording data recorded on a disk medium so
that the magnetization transfer position (signal
20 reverse position) shifts forward from the normal
position by the influence of an adjacent bit pattern.
Such a recording distortion phenomenon degrades the
error rate during data reproduction (read operation).
To solve this, a write compensation operation
25 for correcting magnetization transfer into the normal

position is executed during the write operation.

For the principle of the write compensation function,

AR AR

*159159*



r

- 3 a double-layered disk mediumis used as a disk nmedium The single pole

type head includes a main pole and auxiliary pole, and magnetizes in a

per pendi cul ar direction (depth direction) of the disk mediumwith 5 a
recording magnetic field generated in the perpen dicular direction fromthe
main pole. Additionally, for exanple, a giant nagnetoresistive (GWR)
elenment is used in a read head simlarly qi t he | ongi tudi nal nmagnetic
recordi ng system The wite head and read 10 head are separately nounted on
the sane slider in the disk drive. Mreover, a double-Ilayered disk includes

a recording |ayer indjcatin tic anisaqtro of the per,pendicul ar

di rection, and %?%6?t£?%gﬁé€iggggge?mﬁgnteaﬁggﬁéﬁhgnrEgSragaacﬁggehlgnd a
substrate. The so magngtic, Layer.draws a netic flux .generated fromthe
i n pol 6 of CHESEFPTR nEAE BhF) NG Ehenne el apEr hirahYs GIEREETPRE 1 ux
passes through e [els) er_kp_t pend| di tign, 20 and
gui des the nagn%?i%£§§§ég%§’ttggaﬁ§#P?a?@mggpe$gTHgHég%g’négﬁe?%c | ayer has
a function of suppogtipdcheSpagabledadala teaRteLno1PELakiaRed BntBe di sk
drive including the above-described system recording efficiency 1s high.
However, shen 2Bhgheodhsk pssipibyenced by the magnetic field due to the
magnetic flux floating outside (magnetic di sturbance), recording distortion
by nonlinear bit -0A4 tBbBi btheecHaadpanhi eHkadliyk drike reeafdiing data on
the disk right under the wite head with a high possibility. Such a
recordi ng di st othéopeppendiendar caagnetihe eenpedsatedybyea,r ¢ad channel,
and degrades 5 the error rate during data reproduction. Therefore, a wite
conpensati on funegnehizstiegutradsfgai pstithenmabnétisc fdpwt thbance, but the
write conpensation nethod according to the above-described related art
cannot sol ve t heoprabl epfbbtansént Aechrdashef vibh) the adimagnét bét

di sturbance is not assuned, BRI EF, SUMMARY 3F }HE | NVENTI] ON. An ob%ect of the
present tthventiBAtFeTRo PrbvFae G18PSkiaRi FeTEREPUAFRY SPBEr BEnGREUI ar

magnetic recording s s%en1%or reagizing an .effective wwihg 15 conpensation
functi on agai nstOREGNRTF o= i SPHPBEREe: CPR-SERS, GXAEE™M R 6nEREpBEtdof ¢ he
present inventigneyhBereni snBAONEASH Bclhpk dubrerhae! udung anpeppendi cul ar

magneti c recording system acititres for wite conpensation to avoid

recording di stopbiop; 2R byi FRENBLEEWELALUr banege robe, di gk gdhi¥g1¢onpri ses:
a disk mediumin which a data signal is recorded by fhe pérpendicul ar

magneti c recordtRE §y¥st&€NBompERYALLbE ReadtwWbhchrpaliewiBgWthkewander ead
operations of the data signal 25 with respect to the disk nedium a

magnet i clsensortihing dét ehésmbbrethgaetion diahefbante pretheéevichienity of
the di sk medium and a wite conpensator which
normal position is required in the perpendicular
magnetic recording system.
A write compensation method has heretofore been
proposed which comprises: predicting a magnetization
20 reverse position by the adjacent bit pattern
beforehand in a recording signal series; and setting
forward or delaying the magnetization reverse timing
in accordance with the adjacent bit pattern (e.g., see
Jpn. Pat. Appln. KOKAI Publication No. 2000-207704).
25 In recent years, a single pole type head has been

used as a write head in a disk drive including the

perpendicular magnetic recording system. Moreover,



" . 5" executes wite conmpensation in accordance with information on a
magneti zation direction of the magnetic disturbance detected by the
magneti c sensor and the recordi ng magneti zation direction on the disk 5
medi um during the wite operation. Additional objects and advantages of the
invention will be set forth in the description which follows, and in part

wi |l be obvious fromthe description, or y be |l earned by practice of 10
the invention. The objects and advant ages "of the invention may be realized
and obtained by neans of the instrunentalities and conbi nations

particul arly pointed .out. hereinatter. BRI EF DESCRI PTI ON OF, THE SEVERAL

DT EVE OF THE DR 8 T e ST LG abp e a s o i Sk AL 5By ot ed

in and constitute a part_of fthe s ec{fica$ion i trate enbodiggnts of
e

N .
the invention, and todetFetdwf ththe " ¥n %?dd%égiﬁé?Foﬂ Y vBnPEbBve and
he d iled d i ptj.on of th mbodi ' bel 20 t
Eaxgl aﬂ]a!t hg pr ?‘E'lricclE Lﬁq‘gaﬁslolglfaoﬁ%tep&h%en?ol%ﬁgﬁ%ﬁ %ee?nsng %W%%ﬁp %ﬁ?g%(:{@n?ghow ng
a main part of @ disk (i ﬁ%ﬁxﬁfgéﬁkf figfré%ee@?ggiﬁg@%u fwi@ﬁ pr esent
invention; FIG is a se(f?onal Vi ew showi ng Structures 0 @5 a mgnetic

head and gdi sk a¢cQI«hing 4P M@@&m@dﬂ@m gt S ARG BB BEFp & agr ans

showi ng a relation between a bit shift anount and error rate wth respect

- 6 to a magneiiduitistdirencRctasmli g tta iheperdbodi @i tidhia1¢, is a

di agram showi ng per pendi cul ar magnetic recording and bit shift according to
t he enbodi nent ;fdxr FxEhpleA tad Gidrar endgme ey edibs t Sve h(eWRYy alaiéne
conpensati on operation of the enbodinent; FIG 6 is a block diagram show ng
a constitution icf wses iire acommehsadadrsigiilanly ods t biee ehdoogi tedinaFIG 7 is
a bl ock diagram showi ng the main part 10 of the disk drive according to a
second enbodi metgnefHid HGRr@img B emd Fhe ovgTerkeakpiatharery vi ews of

nmodi fication exanples of the first and second _ ,
10 head are separately mounted on the same slider in the

disk drive.

Moreover, a double-layered disk includes a
recording layer indicating magnetic anisotropy of the
perpendicular direction, and a soft magnetic layer

15 between the recording layer and a substrate. The soft
magnetic layer draws a magnetic flux generated from
the main pole of the write head during the write
operation so that the flux passes through the
recording layer in the perpendicular directioh,

20 and guides the magnetic flux to the auxiliary pole.
The soft magnetic layer has a function of supporting
a so-called data recording operation.

In the disk drive including the above-described
system, recording efficiency is high. However, when

25 the disk is influenced by the magnetic field due
to the magnetic flux floating outside (magnetic

disturbance), recording distortion by nonlinear bit



" enbddi ments. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi ments of the
present invention will be described hereinafter wwth reference to the
drawi ngs. (Constitution of Disk Drive) FIG 1 is a block diagram showi ng a
main part 20 of a disk drive including a perpendicul ar nagnetic recording
system according to a first enbodinent. As showmn in FIG |, a disk drive 1
of the present enbodi nent includes a disk i ncl udi ng the perpendicul ar
magneti c recordi ng system magnetic 25 heads (hereinafter referred to as
the heads) 4, a spindle notor (SPM 5, and an actuator 6. The disk 3 is a

dat di di.um_f <. e, includi i ngl.e disk b
2 prurality of BRSES PROGSRoPBRLIEHIANY it APCaPGACTAIY THE M 5 A

| arge nunmber of _{racgks.each, havi a.caoncentric circl.e.shape are fornmed on
data surfaces thFh lanEl§h§.uR@%FuF§F'ertF %eﬁyo% & %H

ity of se reas i ich servo
data for use InLy:1Ee ead i i oni rQl I, r IS
recorded are gﬁkgﬁééégéﬁtQQUaﬁﬁgﬁtér%%ﬁggpﬁg ac SF%%?&¥9E§%%§¥$%§WH ncl udes

a data area (1ecohdbonal eandbndatealdlh DRLHLRRLRRISCRNN YLA%ACL) and a

plurality of data sectors are set int data area. The head 4 7 s nounted

on the aciuatorifie apdodi $RPECHUPBROS UGl @ RAGRIERI RS UT fTaEs LBiord)e di sk
3. The actuator 6 is a nechanismfor noving the head 4 in 15 a radi al

direction on thg dirske3cbipandtitibng rheree cdf i3 veigee e lagimtnet 7 by the
servo control. The head 4 1s a conposite nagnetic head constituted by
separ at el y nounthagmagwneittie Héadut-bancegoibditngheatvar ided compead dtdach f or
reproduci ng the data on the sane slider. 20 The read head is usually
constituted of meghadt amegmetibgesiostthee apGVR)-delsemdied THed afdad e rtiead

i ncludes an inductive head elenent, and is a single pole type head adapted
for the perpendranhat padiet ther peebdiergberaisn the E&ﬁtﬁ@ﬂﬁﬁré&’ﬂ@@ di sk
drive includes a head amplifier circuyit (preanplifier circuit) 8,

read/ wit® (R V2gR&EASI A9 StYTERNESNE S0P 3EHBBES0, servo - 8

controller 11, and m cropro A |jfier circuit 8
reali zes an input/out put fuﬁﬁﬁiﬁﬁfﬁﬁﬁéﬁ?%iﬁ?ﬁﬂﬁ%gﬁg&aﬁﬁﬁ> ith respect to

the head 4, change fyncti,an 0 ¥eriedt cherd A A GRS IHAEd on o

the read/ wite signa
a disk drive including a perpendicular magnetic

recording system for realizing an effective write
15 compensation function against magnetic disturbance.
In accordance with one aspect of the present
invention, there is provided a disk drive including a
perpendicular magnetic recording system and facilities
for write compensation to avoid recording distortion
20 by magnetic disturbance.
The disk drive comprises: a disk medium in which
a data signal is recorded by the perpendicular
magnetic recording system; a magnetic head which
performs write and read operations of the data signal
25 with respect to the disk medium; a magnetic sensor
which detects the magnetic disturbance in the vicinity

of the disk medium; and a write compensator which



"Awite anplifier 80 converts wite data (recording signal) froma wite
channel 90 described later into a wite current and supplies the current to
the wite head. A read anplifier 81 anplifies a read signal 10 output from
the read head and sends the signal to a read channel 91. The read/wite
channel 9 is a read/wite signal processing circuit, and al so includes a
signal processing function of extracting the servo data 15 together with
the user data fromthe read signal. The read channel 91 includes circuits
such as a decoder, inputs the read signal anplified by the read anplifier

81, and executes signal processing necessary for a data reproduction
operation. 20 TRECAFFER WhARReFOBPPRERLARE APWAFLRTEBREENYALSr 901 and an

encoder 902 for, epcodi the wite da%a nd_generates the recordi ng signal
or performng a g ng: i ensator 901

f BFOBRAT LaPap P nAgREPNE LL 8RB0 APNG L L PRE 0PI PE &

al so includes a wite.conppe saﬁ%on Za Eun t 1,0 ag inst _nmagnetic _di sturbance
as described | AaPRSEh PESF BT RRNGR| PaCEGNEEnEN: TOF BPIRELAEng P50 %et t he
reverse positio f e i i . - rward . from

he nor o post Th8ncheiebERPihRdns Bt sariol JRREKKALH Bh LALNIGK 10T g

a host sm§ten1Zmeﬁpgmcg@££g5stﬁgnuy@kgagb@gaggoﬁgnnand and read/wite data

wWth respect to the 5 host System 2. Mreover, the HDC 10 controls the
comuni cation of theangadiwhhtecdataty bhdr asRestabest BE ¢hek 3 via the
read/ wite channel 9. The host system 2 corresponds to each type of test
apparatus in a tRashacoéhrvniylpprecess, fapdhcanr eRpoddsciapaipar sdigh 10
conputer (including a portable information termnal) or each type of

di gital apparatfisladver apnddiotpshtppihd. béhebséoue €eotr ahker 11 has a
timng generation function of generating each type of timng signal of 15 a
servo gate, whi@dasgetphiesnyabtdmanl hef bearhedt byepstctheesefvo area, from
the servo data extracted by the read channel 91. Mreover, the servo
control I’} 11 hiéRkealgeepEeorunctpOnCbl egEEodnagadveptagasr oéodbe(t rack
address) in the,servo, data recorded_in the éo eryo area. The CPU 12 is
usual |y the mai hRESREFOR BpPaPat ES2bt-2EHe2R i9§FaﬁﬁF hPExBERPSEs OFari ous
types of control, operations. pn,accordance wiih a,control _programstored in
27 Row 15, “Conr st 8l ShSHHERERt A SEERR ARHe b TngL o0y Bl il ARTed by (e
servo controllgéo- re@NGuBehYPPHLFLdata in the servo data extracted by

t he read channe to execute servo control for positioning - 10 the

head 4 in a targatTmoeiHd @M@ e s Blke SETEANSI IS of MBERbhART R eCUL s

control concerning the wite conpensation operation for elimnating

recordi ngs di stortionThy aBEBRPRAEYInG akuwbages hased aRedehesiioRated
information of the magnetic disturbance froma nagnetic sensor 16 (or a GWR
el ement descri bid dadlecdndisposedai patheo¥i thai tpeoifibetdlosk 3, and a
table (130 of FIG 6) for wite conpensation (see FIG 6). 10 The CPU 12 is
connected to notlbasyrahe ®uwdsmencsapfotheRAWeERthARehandnEppeiibess a
wor ki ng menory of the CPU 12. Moreover, the CPU Z2 js connected to a
rewitable flastihRnbR§ ¢eNashl EEPREMPE3ORFL¥EEr pPRGVENBREABPE fox wite

conpensation, paraneters for 15 various pes, of ,controls, an he |ike
according to th%eg?}i?deﬂ%BGFﬁBF%Qn 8¥° th¥P&RnCaifaNtS given ge&ow'

20 serve to explain the principles of the invention.
FIG. 1 is a block diagram showing a main part of
a disk drive according to a first embodiment of the
present invention;
FIG. 2 is a sectional view showing structures of
25 a magnetic head and disk according to the embodiment;
FIGS. 3A and 3B are diagrams showing a relation

between a bit shift amount and error rate with respect



"(TaBIe for Wite Conpensation) In the first enbodi nent, the CPU 12 refers
to the table for wite conpensation stored in the flash 20 nenory 13 to
obtain a wite conpensati on anount for elimnating the recording distortion
by the nmagnetic disturbance. The CPU 12 issues an instruction for the wite
conpensation together with the wite conpensati on anount to the wite
conpensator 901 25 included in the wite channel 90. The table for wite
conpensation is generated by predeterm ned test processing by a test

appar at us - 11 during manufacture of the disk drive. That is, as shown
in FIG 6, the test apparatus as.the host system 2 is nnected..to the disk
drive via the H fo?“a%%s tlgsfjlgﬁb%%ﬁ‘tnlfse fcéééﬂrgmnégt é:so gcﬁleopelnlt'brﬂ?rﬁwq’e 5
conpensati on anount %gﬁpcia. d._w{. Whf ar i i.nel ydi a

magneti zation direction, éd?gbéhfﬁg'co%gfﬁgwgﬁﬂfé%% f%g%éggﬁggbit pattern)
and strength of netl i:stur.ban f QK. :eqC 4 d isters the
anount as a tabpéeﬁggg%r?%gggg#% ngggi%ﬁtl%hf%% ?#Eﬁ%?ﬁﬁ?ﬁ?ﬁ’ﬁ%ﬁ%ry 13.
(Structure of F%ﬁgoéﬁﬁ RQirsk) FIG 2 shows structures of the head 4 and disk
3 for use in the disk grive of the first enbodinent. The head 4 includes a
read heads22 on a sl iptess 2al R cSiste arand Mg tndead el nd wha d ead
head. The read head 22 includes a GWR el enent” 24, upper shield core 25, and
| oner shield coeempBénsilieotMBpelafinh 24 ithediemposthen®t ;a space which forms
a predeterm ned gap defined between the pair of shield cores 25, 26. 20 The
wite head 23 is an iFIducto Vel si idlockpaiadgngre sheadnond wdingg: g tuipper
magnetic pole (main pole) 27, coil 28, and |l ower magnetic pole (auxiliary
pol e) 29. For thé mmbiifel eorPengapdloa cipcadd lkds thestembpodimentegcul iar to
t he perpendi cul ar magnetic 25 recording system _and magnetizes in a depth
direction of the di sEI&-wit st Re PlegetdidFag SOwing épdite et
direction, The auxiliar ole 29 lifts ., - 12 wup the magnetic flux flow ng
into theldi sk 3°Fr ket Fiﬁs Phigs 8csPTEHA% SPmd éeﬁ&@ﬁiete?@%%‘?nﬁdth. n

t he ot her hand, tge disk 3 of the first enbodinment is a double-|ayered disk
including a 5 r888rding | ayer 30 exhibiting nagnetic anisotropy of the

per pendi cul ar directigne a S Qf ti,c lqayer,. 3 t g rding
| ayer 30 and a subst rF(a%t%eS'S%% %ﬁe%g)fa%@g\netﬁ cg%i %feer Jeﬁ%q(?\ﬁga%%whgilneggsﬁeti c
flux generated HropplheitRkAcROLRakp1ieR biFe ther pendiccuhar sk dq ection, and
fulfils an auxiliary role for perpendicularly magnetizing the recording

| ayer 30. The nagnpedidehldx flowing into the soft magnetic | ayer 31 passes
in a longitudinal direction, and flows into the auxiliary pole 29. That is,
the magnesic flux 15 geneEPAERUEDYDEHER MRTDOROOE PHEf DNVENAIOMgneti c fl ux
path including the recording |ayer 30, soft magnetic |ayer 31, and
auxiliary pole 29. (VnmbeodiGemtenodt ithe Qr@ssnitodpvention will be

described hereinafter with reference to the drawings.
(Constitution of Disk Drive)
FIG. 1 is a block diagram showing a main part
20 of a disk drive including a perpendicular magnetic
recording system according to a first embodiment.

As shown in FIG. 1, a disk drive 1 of the
present embodiment includes a disk 3 including the
perpendicular magnetic recording system, magnetic

25 heads (hereinafter referred to as the heads) 4,
a spindle motor (SPM) 5, and an actuator 6.

The disk 3 is a data recording medium, for



A w’ite conpensation operation in the 20 perpendi cul ar nmagnetic recording
of the first enbodinment will be described. First, the perpendicul ar
magneti c recording and bit shift phenomenon due to the nagnetic field of
the magnetic disturbance will be described with reference 25 to FIGS. 3A,
3B and 4. As shown in FIG 4, the magnetic flux of the perpendicul ar
direction is applied to the rotating = 12 disk 3 (rotation direction
40A) fromthe main pole 27 of the wite head (relative running direction
40B). Through the recordi ng operation, nagnetization transfer remains as

data 42 on the disk on,5 g ttailin%,edqe si.de of the main pole 27. Here,
when there is nB*PRPlGencBCORIRGnEt PANGi S FiFEndBay1 Bst & hdWerlddidi cul ar

direction, a distri iLon_of the recarding ,agnetic field (MF) .appljed to
the disk 3 fron? h89§%FnIBoF8m§7CF§efé’osggiﬁ§&a§§%§ﬁ5hYQR/QQE§aQ($P ne
43. Additionally, fgr S n i.enc he _infl uence of the

recordi ng nagne%ic ié%gs?rgﬁﬁFgg égjéggﬁ?gbgpckasngﬁgigi%ﬁﬁﬁ%&frlfh a
region in which.thgjgegprdin [ he X c hve fiield
[eal on |yt SheLbe Eeanadbng-greRel bhell-aXRaeIacECon e i

magnet i zagion tsanshep1fesiitonokssebbal Bedaas iahown By <40t led Jl i ne 44,
and this position is assuned as a normal magnetization reverse position. On
the other hand, rehensthgabgagd 4ni 8§ hebhugpeedidQiky HRe +IRANGLILE vo

di sturbance 41 of the perpendicular direction, the magnetic fluxes
generated by theomtide)cusrestoadddbyreharmragneti atdiegianbaneer4liare added
to the main pole 27, and the distribution of the recording nagnetic field
(MF) applied toinheadhskr8cR5 i Bacobt drredt ascidhden bydatdottred |ine 45.

That is, an offset is generated with respect to the recordi ng magnetic

di stribution shéWRceyding abeadofi neex3data) batweant hhe ssswo eheas,
magneti zation transfer_position 46 shifts backward in the running direction
40B of thHe head®R9ffomtthelnbyYnef ARGAeErPshPrEnarevErseipodiei 8atas. 5
Here, when the direction of the recording magnetic field (depth direction
of the disk) i s2Tfft uenced by a reverse upward nmagnetic di sturbance, the

distribution of the or.diLng netic.field ifts in,a dowward direction
with respect to the iggség%§ ﬁr%g ﬂ@hFEFFegpigE?OFCEuFF8ﬁt%$uFP50e si de of
the disk 3), and:ilpssouahehozate ofo! Lagh' aheROShEEQBBUCERLOGYRL ST OM the
normal magnetization reverse position 44. I'n short, when the nagnefic

di sturbance actghénagcdht&Et600s (4hReSRER: Gh e6Li 96Y1H9r tASShekkng 1R the
recording magnetic field by the main pole 27 of the wite head, the

magneti Zai i on taansdesl pastrétbhoshbht shbadkward byom hevaagmabrpesbEi on
Mor eover, when the disturbance acts in a reverse direction, the position
shifts forward.aThwiscephenbhenotor s7 abbi th@0sshirbét cphenoirenofhbyhthd 4
magneti c di sturbance, and causes recording distortion in the perpendicul ar
magnetic recor dthg?2 FPEROUC e Heagnat thahgedofonpblbitedhbit sappuatebyt h
respect to the magnetic di sturbance during the 25 wite operation (data
recordi ng). MorBOWRYLINE & WBE e HaeRAt et r Epeprotneidehe ahfop Faee with

respect to the ympgpetic disturbance in the read operation (data

20 The read head is usually constituted of a giant
magnetoresistive (GMR) element. The write head
includes an inductive head element, and is a single
pole type head adapted for the perpendicular magnetic
recording system.

25 Furthermore, the disk drive includes a head
amplifier circuit (preamplifier circuit) 8, read/write

(R/W) channel 9, disk controller (HDC) 10, servo



- 15 reproduction). Fromthis, it can be confirmed that the recording bit
shift anmount on the disk 3 increases by the influence of the nmagnetic

di sturbance of the data recording tine and that the error rate of the 5
data reproduction time largely fluctuates accordingly. A wite conpensation
operation for elimnating the recording distortion by the bit shift wll be
described with reference to FIGS. 5 and_6. gFirst, for exanple, when the
host system 2 10 including the personal conputer issues a wite command,
the CPU 12 deci phers the command via the HDC 10. On receiving the recording

data t f d f he HDC 10 w t.h th d, th it h | 90
cgnSerggnfhgr£2€8P%%§333§t&qgn@8dg%56§F§§ﬁ§%%%Eghc%ﬁgg %@gﬁ:t; ggnﬁeans of

t he encoder 902. FI G,5A |.e of. .t wite signal
corresponding to the Tgﬁsecg%%%&%&iﬁéﬂ%ercﬁctogrrwZ?—%rae‘} the wite
head i s magneti L e l.rectl ( .d dir.ection), with respect
to the 20 disk %ﬁg\ﬁizﬁh?ﬁng&}i@g%é}ioglntglfogxﬁ%%w\gﬁg%leod{l ae]vé%ltvﬁ—r'. The
wite head is nmp kzed,i t 4SU Si isrect] u r
direction), whengtgﬁgbéi gﬁalm'hi%ngli%%gt e45' gthlgglgiec ffélglvcgllO"?]L'tp!f(()srkelrl(ée %\%&jél?)) :
Addi tionably, TentnahBeigdniewkigs irldiceabas & Rihe FaadyWeival «iafd .
corresponds to a shortest signal reverse interval. Here, as é%scrﬁbed
above, when theAmerfitpokep2ifier 86 cohveheswiirtiecheiadal S rdddiéanged by the
magnetic field of the magnetic disturbance in the downward direction, as
shown in FI G 5Bjigdewhwdrdmmagmretiteathannelansf elescBibeldd lhaeimndg ritee sane
direction as that of the 5 magnetic field of the nmagnetic disturbance
precede the norgarriignetirzartoandevuprpé ipssithirorurCentertselthe waered
magneti zation transfers B2, B4 shift backward. The bit shift anmount changes
i n accordance WeRdt hePsteefgtRPéifins fhgaapild fiesl @ okacheigngdetic 10
di sturb e. Additio allé, %ﬁr t he sake of convenience, the bit shift
anount g@ the i RPFBBRcEFBR £he RBFAePPRdf PBAdSERIEhEDEdSAE8AL Biot pattern
is ignored. In ghe firs% enbgﬂ%gent, during the data 15 recording in

d,

accordance with tﬁ%a%wF 3"es the CPU 12 refers to the wite

compensation (abl e 130:0LeLAg,LLASNHBIRLY 33140 Sel.agl, a0 bl pumwrite
|

conpensation anount ased on Information on the magnetrc &e from

the magnetic sepsokedfirg £IREACL) Cahbiux1dbr ¢ab1ARaNY st LRAYL N of the
magneti c distu?%anc%),la%d sends thg anount to theegk?téaggggensator 901.

In the wite coppesss0rng98incaivhi be bkBrREtehhCUhE 881Bo0BLaLNs a wite
timng for performng the 25 wite conpensation fromthe recording pattern

obt ai nedl3 r om t begehbedewi 8h2thadutbe dathefeompensarkan amguat.fromthe
CPU 12, and indicates the timng to a wite
The read channel 91 includes circuits such as a
decoder, inputs the read signal amplified by the read
amplifier 81, and executes signal processing necessary
for a data reproduction operation.
20 The write channel 9 includes a write compensator
901 and an encoder 902 for encoding the write data,
and generates the recording signal for performing
perpendicular magnetic recording. The write
compensator 801 also includes a write compensation
25 function against magnetic disturbance as described

later, and performs write compensation processing to

set the reverse position of the recording signal



- 17 signal adjuster 901A Concretely, the wite timing circuit 901B
executes judgnent processing of the reverse direction of the recording
magneti zati on and the direction of the magnetic disturbance, and 5 judgnent
processing of a forward or delay timng of the magneti zation reverse by the
judgment result (agreenent or disagreenent of the directions). The wite
timng circuit 901B transmits the instructgon.of forward or delay timng
and the conpensation anmount 10 (bit shift anpbunt) to the wite signa
adj uster 901A. The wite signal adjuster 901A adjusts the wite timng of
t he recording sj I difect] ri rength of the
magneti c fieId$%§g?%%§§a§%e%§ga§?ét5? %ngégi%bggggrggﬁ§%l§gfh the 15
i nstruction of the i L erhim Ag J o] it € -t circuit
0018 as shown i n Fi G L e At r E: B B8 Consrt & e Fecor di ng

si gnal adj ust edy£ sy gelied 19sthey¥riher¢0gRANEBHELR) sPXoRBNWELLE o8 gnal
adj uster 901A into the wite current, 20 and supplies the current to the

wite head. Thesef@bfnaRd SH@WIeh8/FtGeSBathhRivhi teshead perpaedi cul arly
and magnetically records the recordi ng data whose magneti zation is reversed
in the n@nmal pesstiopsbemo2t hemdiresvar, 26hAsHoeseni bedtabogerhaccording to
the first enbodinment, the CPU 12 uses the detection result of the nmagnetic
di st ur bance f r ocotiinen hegheon cofethbser rééd/wxrit8 dathewditheecksprcandost rengt h
of the magnetic field) and the prepared wite conpensation table 130 to
instruct the wthe dbspedsuirohheoreaf/wrhbei ajanhelr 8cor dheghdsstorti on
generated by the influence of the nagnetic 5 di sturbance to the wite
channel 90. | n $YetoRi £ cCehanfRPR9d, Toheaghi tEPBoRpehi§atoRrPRBTaERECHes t he

wite conpensation at _the wite timng del gyed fromthe norma
magneti zati on r%V%?%%f%SE?f?Bﬂ,pﬁﬂ%ﬁsgheaﬂagﬁ8FF?§PPBHSdFPeétPSHSSPaﬁhe 10

[ [ b iLth the di ton.of. the r d
magneti 241 on HCROTECport nEaCeRRd i PBEERgREl L AR AL BEGr HAREY when 1 he
di ti f th t] [ di ' h di 15
magneti 2t i on AV SREEarC TR ReO b (E e, EehpBRCArEoRS) & LS EoHFRUCAE the write

timng set befogg; ?gngprnal magneti zation reverse position. In this case,
the bit shift anpunt 15 determ ned in accordance with the nagnetization

strength of the nagnehikcsdirsbucbanee113@ Thengkowerievey yeaekathien _
i nfluence of the magnetic disturbance with respect to the wite head during

t he perpendi cul funoagoeto € geserdthgg thehwkiype odnpénsati eshghahcbifon
adapted for the nagnetic disturbance can realize perpendi cul ar magnetic 25
recordi figh i n whachervie gatenl whoshtbenocwesrvapobadoniy £he mhgnéilmeati on
transfer position as a result. Therefore, when the influence of the
recording _ 19f thesERFYPoRTean bECBupPressEHOddRtAgeHAEACEREr Bduct i on,

data reproduction at an optinu ad error rate_can be realized Second
Enbodi ment) & FPEe eed GRBMGER. Of agr SAFSHERE ngthROSREFH BAPETOHLERe. di ok

dri've accor ding, § o 2 sgognd, gnood] TERL . of «t N BLFREM, LOYERREI code

(track address) in the servo data recorded in the
20 servo area.

The CPU 12 is usually the main control apparatus
of the drive, which executes various types of control
operations in accordance with a control program stored
in a ROM 15, Concretely, the CPU 12 uses the cylinder

25 code extracted by the servo controller 11, and servo
burst data in the servo data extracted by the read

channel 91 to execute servo control for positioning



The second enbodi nent relates to a conpensation nethod as the wite
conpensation function of adjusting 10 (offsetting) a wite current pattern
output fromthe wite anplifier 80 by a wite current offset circuit 70
shown in FIG 7 and elimnating the recording distortion by the magnetic
di sturbance. Concretely, this is a perpendicular wite 15 conpensation
function of offsetting the wite currentypgattern so as to change the
recordi ng magnetic distribution 45 shown in FIG 4 to the nornmal recording
magnetic distribution 43. Additionally, elenments other than constituting
elements related to 20 the second epbodi nent.a hal xt .t hose of the
first embodi metihe shead ﬂanIGitiFgﬁﬂgpaFg??hgré?o?gghgﬁgted to the same

reference nunerals, and the descripti 4 RereQf-ite 0Mdnftedl First, the
principle of the mmFPétEGﬁB€ﬁ§ach% ?%%fégcfﬁoﬁ of the second enbodi nent

lies in that the recording, magnetic fieltsatchah iopertdtdonr iffioer current
pattern is off§@?CPﬁnénGiEggtggﬁkFofgggﬁcgﬁing the - 20 rmagnetic

di sturbance, the bit shift i HeL Y igldoftiatrety arecyrtelid dragnet i zat i on
reverse is obt §ABd A lPﬁérﬁgP%ag ggsition. Concretely, mhﬁgd%ﬂg recordi ng
magnetic field 5 and etd | Shurdeaee: iay el it froerresned i ¢ n as shown
in FIG 2, thedﬁﬁgHéFgﬂﬁgﬁg%ﬁfﬁgnce acts in a direction to str gﬁthen t he
recording magneti ¢ fisel ¢y; Andydiesefram reamgtield @i SRIA oh® otur’.
Therefore, in 3% case, the recording nagnetic field 10 .is meakegg?, t hat
is, the wite CupseNteddnd eshimadibad tatert hdispesehi i af Y+t i nat ed.
Conversely, the nmagnetic disturbance acts in a reverée g§r§8£iggiggth
respect to the Jeodidgsoe@nednd 4 iealdle aht3Aces FhCthd! drfection in which
the 15 recording magnetic field is weakened. In this case, the wite
current is incresssshsatidmat (s¢e BIE-shift can be elininated. Mreover,
since the offset anount of the recordin gnet i.c. di.shki buki eamoflst he nmai n
pol e 27 hanges wit hThheCEVr éAgif SPnPﬁgt g%gth§t28§é?sturbance, it is
necessary to adjust the offset_anount. of Wrhist g scHr yerkiagcaeonmyl y. The
second enbodinehutmﬁlﬁocéngﬁgte?yw écaeggb?gégkﬁereinafter with reference
to FIG 7. In a Simlar_way.to {h i,L.St eppodipient, iduconge2Seth&ond t e
operation, the cputhe ngeﬁg‘tohggﬁ%%%z'current of fset anount table stored
beforehand in the flash.nmenory,13 _and.sqlacish WHRROM)urlBerfiorofsfteaing - 21

i nformation bas€8w6ﬁ Bgégcgﬁgﬁhiﬁforngfion (the direction aanstrength of

t he magnetic dlihgr%@gﬁQ for write compensation, parameters for

15 various types of controls, and the like according to

the first embodiment.
(Table for Write Compensation)

In the first embodiment, the CPU 12 refers to

the table for write compensation stored in the flash

20 memory 13 to obtain a write compensation amount for

eliminating the recording distortion by the magnetic

disturbance. The CPU 12 issues an instruction for

the write compensation together with the write

compensation amount to the write compensator 901

25 included in the write channel 80.

The table for write compensation is generated by

predetermined test processing by a test apparatus



"fromthe magnetic sensor 16. For the wite current offset anount table, 5 a
val ue optim zed using a read error rate as an index is calculated and
stored in the flash menory 13 by the predeterm ned test apparatus during

t he manufacture of the disk drive. The CPU 12 sets the wite current offset
10 information suitable for the magnetic di sturbance into the wite current
offset circuit 70 fromthe wite current gffset ampbunt table. The wite
current offset circuit 70 calculates a wite current value in accordance

Wi th a positive/negative recording 15 magneti zation direction fromthe

f.f f I h I .h [
anpl i 1ior 80 ] o fhe FaRbERR RRec0En EHBT Higk e Tay’ ‘ﬁ@htﬁ%gﬁéﬁi ge e

di st ur bance. §%¥$#t§ a blfkerggg égg égEaEQ%UEW%Ee %fg ﬁgg%%_ and

suppl i es the 20 eren p05|f| CrEcCcaPr &

head in Sy”ChrO%'£§sb§Hn$kEEdt98 EﬁgoaggﬁgdggggeghéakhgnHgkrg%t|on fron1the

write channel escri above, according to the second €enbodi ment,

there can be reghizedse &ﬁbﬁ?aﬁﬁgpﬁnééﬁbﬁﬁa%ésfHBCBbQEmﬂR adiiygting the
wite current pattern output fromthe wite anplifier 80 in accordance with

the magnedic di stepbabseisndagbhifitnakkBaitiedr @¢ehdieBgh infd4ma@ii®hortion
by the nmagnetic disturbance. In other words, the wite anplifier 80 is used

whi ch can vary iheluwdihe aumagnétyahueonndao:eeltdanceawjtahehlte recordi ng
magneti zation direction. Thereby, the bit 5 shift anount of the recording
data on the di skeBordhnbepatfashedadiiecentwbtii phétern) e andmsemrsatgitdn

nmet hod of the second enbodinent, the wite conpensation circuit in the
write channel 90fchhebmaphatieddisturbancei daroktath beapedsaringy only for
the bit shift by the adjacent pattern bit. Therefore, the wite
conpensati on re58¢iFherer Ghet ABOHBFagENE KRPLEhIPE WE1ELeEQIOENERTLRE write
channel 90. The ite conpensation resulting fromthe magnetic di sturbance
is 15 di%QinQU|§ﬁ@dl?r5ﬁ?tﬁgaﬁ oWEm8E¥CF%bed conpensation and executed by
the wite amplifier gg ﬁefor ' H S adjust the bit shift
amount. In short, Fa to P SSSVe escrl ed enbodi nent s,

par ticul arly when thgxg. g ghe%eswa%t%fh}e@e%% heUsed Ag Lhe wiide fead

and is applied to th rive using the double- Iayere

including the pgspendicyhathgBgngki ari@eobdi RASYSLEM chBeakflkRg di stortion
resulting frommagnetic di sturbance during the wite operation can be

el i m nat ed. Ther ef or ghei hedld #4sipesdsdblse at @eadppreass 2thendaegadaleirorz 10f t he
read error rate resulting fromthe recording distortion during the data
reproductb on fosidepreddcangrihe Hatd 23 behind the read head. The
read head 22 includes a GMR element 24, upper shield
core 25, and lower shield core 26. The GMR element 24
is disposed in a space which forms a predetermined gap
defined between the pair of shield cores 25, 26.
20 The write head 23 is an inductive/single pole
type head including an upper magnetic pole (main pole)
27, coil 28, and lower magnetic pole (auxiliary pole)
29. For the main pole 27, a pole tip end has a
structure peculiar to the perpendicular magnetic
25 recording system, and magnetizes in a depth direction

of the disk 3 with the magnetic flux of the

perpendicular direction. The auxiliary pole 29 lifts



" - 23 recorded on the disk. In the disk drive including the perpendicul ar
magneti c recordi ng system the perpendicular wite conpensation function of
elimnating the bit shift of the recording data and 5 conpensating for the
recording distortion based on the detection result of the nagnetic

di sturbance can be realized during the wite operation. Therefore, when the
wite conpensation function effective agaijnst the magnetic disturbance is
realized, the error rate of 10 the data reproduction tine can be enhanced.
(Modi fication Exanple) As described above, in the respective enmbodinents, a

d h rb d. Th
E‘?SQSELCléeﬂiﬁfepcaﬁf’éwaﬁe% Fot % ZT5aTTR detion §H7 e fﬁgt &R ol erent
constituting th %%%He%glgf %hgn}&e%rﬁ\s sat %sa?gi carhq:!){ ﬁ)r tive to the

€

magneti c sensor urln the wri ration U 12 reads

the predeterm ned pa %“E‘h‘é‘}e%a‘rﬂi secr}}]eo SHata ?yoggzﬂé‘ef @GR el enent and

estimates the strengt irection of the nmagneti c stur ance fromthe

read signal mveﬁeeeﬂmzhlts 18X @M@ pHell a oefcﬁ_@k he dextiifed hereinafter
with reference to FIGS. 8A to 8E and 9A 25 to 9C. Since the magnetic field

flowing igto theceRighgmeay ek’ oM LR iBith nd ki grRtde igh ilde ey C}PQﬂ‘ﬂi cul ar

- 24 magnetic recording, waveformdistortion occurs in the read signa
waveform from t haeGYRrepkadeatil vt Aidelcarign,i rildience faf raiggmgnaldyer

di sturbance. For exanple, as shown in FIG 8A, the read signal waveform5
correspondi ng t 8labetwekat etewarebadingedaryeed 30N aadstaatsmbst ndtectB2.here i s
magneti ¢ di sturbance exhibits a waveformin which a fluctuation of out put
anplitude is calibedsbytt hegmagact leyeirstSlr idaaes ddeshawmeti FIfGuxgA. 10 On
the other hand, the read signal waveformin a state in which there is no
magnet i c di st ur B§heEafted: fsORatBroMMIShERI S R TFHG o8, PRI®ecRIci agst i mat es

the stre the magnetic dlSh rhance baseq on the fluctuation of the
out put aﬁglltudglrfg &8Pe0989 % Ul auiligrys ot di%ection of the
magnetic disturbance fir e read slgga qufborn1c rresgendln to a
specific patterﬁeFﬁgpﬁa PHIYhEAZEATG 248 AEFSE S¥owT \in FI G
8C, th d I d t

€ ool S 9nal WANELorTEaY) B9 enaaad Y B Qtldc taver

hi gh-frequency Signa S es I onp

has a high senskhi BhkkesMBNat RBNLAhERGE ‘&flr'e%tt%f her eice fMAlowd into
hi gh-frequency signal portion is not exerted. However, when the out put of

the DC pattern paet karilsakiygpenet kan tiea25 l@ut Rl Qlfagtni&lm ghfx equency
signal, it is possible to estimate the waveform Furthernore, it is

charactetSstlc tkakrthednmagnéhiez abiian ppéeer2de fofrmishe magn2F i chifdlux r equency
signal is performed by an odd nunber of tinmes. In the present nodification
exanpl e, an FFFPagb pardedingntRRZIesoradingn layeaséd, Bedtthevawmed.ionhen the
magneti c disturbance is 5 applied_in the pOS|t|ve/negat|ve direction of the
specific patterﬁayﬁﬁe3ﬁeaén§|@H&leéﬁgfﬁp%@lg obt ai ned

(Write Compensation Operation)
A write compensation operation in the
20 perpendicular magnetic recording of the first
embodiment will be described.

First, the perpendicular magnetic recording and
bit shift phenomenon due to the magnetic field of the
magnetic disturbance will be described with reference

25 to FIGS. 3A, 3B and 4.
As shown in FIG. 4, the magnetic flux of the

perpendicular direction is applied to the rotating



“as shown in FIGS. 8D, 8E. As apparent from FIGS. 8D, 8E, the upper/|ower
symmetry of a | owfrequency portion is reversed by the application
direction of 10 the magnetic di sturbance. Particularly, the application of
the magnetic disturbance in a ferromagnetic field is remarkable in FIG 8D
FIG 9A shows the rel ation between the magnetic di sturbance and i ndex,
assum ng that a DC output 15 directed upwagd from a m ddl e of the

hi gh-frequency waveformis A a dowward DC output is B, and (A-B)/(A+B) is
the index (asymmetry: AsymDis). The strength and direction of the magnetic
di stur bance can, bey speci b edh by §heclpdex 488) MPLEQVEL, hhg.r sadcshgnal
waveformis a re%?angu ar “Wave i n perpendi cul'ar “magnetrc recordi ng.

Therefore, wher,a (HITGrerli@llao chigibel Suh2Rosad:ba:1he eay channel,

and the read sign r ectangul ar ve 1S converted®to a erentiating

waveform 25 a ﬁﬁﬂ@@g%p%956§é&§ﬁdfﬂ§t@ﬁé§é@i&ﬁr ﬁ9?§e£999taeﬂinal magnet i c

recordi ng system can” be used. thi's ‘case, since e read signal waveform
of the isolated-ransPbr MaWL{QE M Sastal harohothBeangxesosm of the

| ongi t udi nal nagnetic recording system the waveformdistortion influenced
by the megneti ca ditsd LI bapcedgppedds a8 ehehaage pblpeak.shift as shown in
FIG 9B. 5 As shown in FIG 9B, the peak shift has a one-to-one
correspondence to t heenagnehen thstarbanne andldeneet bdnmagndtdan be used
in detecting the strength and direction of the magnetic disturbance. In
short, accordi ndisourbhenadote-dbsthé beerpendbditacadivactkanpl e, the
specific pattern is recorded continuously with or in the vicinity of the
servo data (seryodbatrihwliom ehetBeryecardingrnagectickfdeldhdMEpecific
pattern is read out by the GWR_ elenent as a read, head_during the wite
operation. 15 TP 190 e ¢ ndt 8% e hEr St r Rt R ARdPat et 6 of the

ti di st f t d si . f ndi to th
Tt At orab e d P} opt Ay h oLy Sh Ly o AGAREREhER LY o "

L . Sy to Speelal
TPIeLIe Sensoredd 1L Sekerst noolog teane | £20idhsbunhance tnside the
which a nonitor,.gesm A h& %§gpet9£éﬂ& %Pgmh%héeéaéaaggﬁ ggkugaeéekﬂe GWR

el enent is nmounted. T ment changes not onl a change of

the resistance yalgnbyedhe tecordéggonagneihechi ehé Qecébaiﬂgsk 3 but also
with a fluctuation of an outer magnetic field (magnetic - 2

di sturbance). HRhi&gn&€ishpiela setesédonabedbveenve heishgnetirendtht urbance on
t he abscissa and the nonitor output (anplitude value) on the ordinate. That
is, it is55 appéient thatmadmenbnatibeonouspuevéaspti bndehealduek Bas a
one-to-one correspondence Wth respect to the magnetic disturbance.
Therefore, the TARIPeEpMELPR ERRNMEFRPSihheRr Val detaineAea&VRIEVRNENL

of the read head and _can thereby detect the magnetic disturbance. 10
Addi t i onal advam¥a@e§055%énhﬂ??i%gtiﬁ%é WP PRRUFF9RotEuRSEB™BAOEE skil | ed

in the art. Therefore,,the inventéon inits broadﬁé%aspects is not limted

to the specifipad%?ET?% %ﬁ%n?Eb%% %ﬁ?af?zgraﬁbgﬂ? ?g'shomp and descri bed
herein. Accordingly, ofarjguseda, Rdhhi CAhLANFnERYCEE MRde Whihguh dgparting
of € ge as de

fromthe spirit or scopée neral 1nventrve concep Ined by the

aPpe”deﬁz&'ai”Eb9”9héhﬁ£§%§89£vél§9&fbancé_Z@ of | $HBTHL SoChAl MEPa LS 1. A
di sk drive conprising: a disk nediumin ich a data signal 1s recorded
direction, the magnetic fluxes generated by the write
current and by the magnetic disturbance 41 are added
to the main pole 27, and the distribution of the
recording magnetic field (MF) applied to the disk 3
25 is obtained as shown by a dotted line 45. That is,

an offset is generated with respect to the recording

magnetic distribution shown by the solid line 43.



"by a perpendicul ar magnetic recording system 5 a magnetic head which
performs wite and read operations of the data signal with respect to said
di sk nmedium a magnetic sensor which detects a nagnetic disturbance in the
vicinity of said disk nedium and 10 a wite conpensator which calcul ates a
magneti zation direction of said magnetic disturbance in accordance wth a
detection result from said nmagnetic sensor,,and executes a wite
conpensation in accordance with information on the magnetization 15
direction and a recordi ng magneti zation direction on said di sk nedium

during the it e oneral . 2 ol Aiue A6 oL ALige Lo shal il aperein
per pendi cul arly gndmgnes v&\?\zlhc{ yinzoc}{eeﬁgfrgﬁl}go%%gtf&?ﬁ(ﬂ@déf'm 3. A disk

drive according to claim erein sai e conpensator ‘accel erates or

del ays wite magreti i on A4 i L5 Rea ; JyBgheti zation
reverse positiogﬁ%? a%% perﬁgkg?5%1ar y 25 aﬁlé%éﬁéggéiﬁﬁy recorded on
said di sk nedi upand itfrereby conpensates for a bit shift. 4. A disk drive

according to claim1l1, wherein - 29 said wite conpensator includes a
table forswite conpensad,i amhdm thd ci sédenst o anchdi reedr@mef said
magneti ¢ di sturbance and a recording pattern on said disk nmedium are

associ at ed wi t hmanmedriat Hereldandidpttefdnmredtoidrhe f alle diskwid e
conpensation to conpensate for a bit shift of a data bit string. 5. A disk
drive accordi ng ing lalegiondl bywweermsve s dipvand nagrpehisatdirs fudbandss, a tabl e
for wite conpensation in which strength and direction of said 10 magnetic
di st ur bance and ther édetdiilytpan arfh e seaeprilisio mainet e efssskdeiated with
one another, and refers to said table for wite conpensation and

accel erates or GEFS idcdr FNGRThSI AR AP MikhF sFRery &pddte to a

nor mal n?gnetIZ%gfyélnggwE% (direction of a front surface side of

the disk 3), and the magnetization transfer position
moves forward from the normal magnetization reverse
position 44. 1In short, when the magnetic disturbance
acts in a direction (the same direction) for assisting

15 the recording magnetic field by the main pole 27 of
the write head, the magnetization transfer position
shifts backward from the normal position. Moreover,
when the disturbance acts in a reverse direction, the
position shifts forward. This phenomenon is a bit

20 shift phenomenon by the magnetic disturbance, and
causes recording distortion in the perpendicular
magnetic recording.

FIG. 3A shows a change of the bit shift amount

with respect to the magnetic disturbance during the

25 write operation (data recording). Moreover, FIG. 3B
shows the relation of the error rate with respect to

the magnetic disturbance in the read operation (data



'15 position of data perpendicularly and magnetically recorded on said disk
medi umto conpensate for a bit shift. 6. A disk drive according to claim1l
wherein said di sk mediumincludes a perpendi cul ar nagnetic 20 recording

| ayer, and a soft magnetic |ayer disposed between the perpendicul ar
magnetic recording |ayer and a substrate. 7. A disk drive according to
claim1l, wherein said magnetic head includes wite and read heads, and 25
the wite head includes a single pole typé head which applies a recording
magnetic field in a perpendicular direction to said disk nmedi um - 30 8.

A di ok dri ve acgordhigel fofl ol MbLonnietel nssebdpdiak apdiugnciudes o

per pendi cul ar fcreco dlng ayer magnet di sposed

bet ween the pereﬁgdkgebeal 9BeL! eni $€0LALNAL] BNCERBNE12)2 3 IDREALRS 21 ¢

magneti c head i ncludes Mﬁl rea he a te he ncludes a

single pole tysthFﬁg LH?EHQhEQ 8:MehA Rgbﬁe%@bcﬁlg%ﬂ§b%h%% %f”%%QEt'C f1ux

10 in a perpendi direction to said medi um and an auxiliary pole

constituting a aagaerzéeoiayﬁgpemet agat IE!ﬁétW'thB g@idrmeibkepglre tapd sof t
magnetic layer. 9. A disk drive according to claim1l1, wherein said magnetic

head i nclmdes adgtantepngneteiesi sinvelibgeGyRr1akemaRtsascaokaadqghgad, and
said wite conpensator includes a device which uses the GWR el enent as said

magneti ¢ sensor and Aswitaktesosbpeasgthoandpairaedonofoef eddmd nargdmet i C
di sturbance in accordance with a signal waveform
the recording distortion by the bit shift will be
described with reference to FIGS. 5 and 6.
First, for example, when the host system 2
10 including the personal computer issues a write
command, the CPU 12 deciphers the command via the
HDC 10. On receiving the recording data transferred
from the HDC 10 with the command, the write channel 90
converts the recording data into predetermined encoded
15 data by means of the encoder 902.
FIG. 5A shows one example of the write signal
corresponding to the encoded data from the encoder
902. Here, the write head is magnetized in the depth
direction (downward direction) with respect to the
20 disk 3, when the write signal exhibits a logic
level "H". The write head is magnetized in a front
surface side direction (upward direction), when the
signal indicates a logic level "L" (see FIG. 5B).
Additionally, Tc in the drawings indicates a bit
25 interval, and corresponds to a shortest signal reverse

interval.

Here, as described above, when the main pole 27



'20 output fromthe GWR el enent. 10. A disk drive according to claim9,
wherein a disturbance detecting pattern for detecting said nagnetic

di sturbance is recorded beforehand in a servo area di sposed on said disk
medi um and 25 said wite conpensator includes a device to estinmate
strength and direction of said magnetic disturbance in accordance with a
read signal waveform - 31 obtained whengaid GWR el enent reads the

di sturbance detecting pattern. 11. A disk grive according to claim10,
wherein said di sturbance detecting pattern includes a repeated 5 pattern of

hi gh-f I t I 0 _Whj d f i.zaty
Feverses are pebfor a1t Redisksarh e a8e8RarRy e BRETALI0. WAGFei n
sal d di sturbancgedelechlngopat! a1 acLpsLiydes 3 LeReALAA. AR AR W ch &
peak shift of a lowfreqdency 1 iTterentiating waveformi s used as’ an

| ndex. 13. A disk dhhye GCetdl ndst OachAlaYh ndBRLRLD.PALY FRARRLLG ssensor

i ncl udes a device out put's fection information indicating strength

and direction ofjsagd ABRYDRLI endi shiebancectisnlds Andieskrdichee according
to claim1, further conprising: a wite channel which outputs a wite

current patternmggheespontieng b@ taeondyhgtdat dikeuabwhickepeaddengheded in
said magnetic head during the wite 20 operation, wherein said wite

conpensat or exenutrsltiegnettieatdopensakirse posdsiba.gi Cenarrsefiyet to the
wite current pattern in accordance with said information. 15. A disk drive
according to clapwaid, mapeeéimnation transfers B2, B4 shift backward.
The bit shift amount changes 1n accordance with
the strength of the magnetic field of the magnetic
10 disturbance. Additionally, for the sake of
convenience, the bit shift amount by the influence of
the magnetic field by the adjacent bit pattern is
ignored.
In the first embodiment, during the data
15 recording in accordance with the write command, the
CPU 12 refers to the write compensation table 130 of
the flash memory 13 to select an optimum write
compensation amount based on information on the
magnetic disturbance from the magnetic sensor 16
20 (magnetic flux direction and strength of the magnetic
disturbance), and sends the amount to the write
compensator 901,
In the write compensator 901, a write timing
circuit 901B obtains a write timing for performing the
25 write compensation from the recording pattern obtained

from the encoder 902 and the write compensation amount

from the CPU 12, and indicates the timing to a write



'25 said wite conpensator includes a table for wite conpensation in which
strength and direction of said magnetic di sturbance and a recording pattern
on said - 32 disk nedium are associated with one another, and refers to
the table for wite conpensati on and executes the wite conpensation so as
to give the offset to said wite current pattern. 5 16. A disk drive
according to claiml1, further conprising: write channel which outputs a
wite current pattern corresponding to recording data during the wite
operation; and a wite anplifier which supplies 10 a wite current
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det ected by sald detecting step and a recordi ng magneti zation direction on
sai d di sk nedi uphduhh§He8i¥atién reverse by the judgment result
(agreement or disagreement of the directions). The
write timing circuit 901B transmits the instruction of
forward or delay timing and the compensation amount
10 (bit shift amount) to the write signal adjuster 901A.
The write signal adjuster S901A adjusts the write
timing of the recording signal so as to meet the
direction and strength of the magnetic field by
the magnetic disturbance in accordance with the
15 instruction of the write timing adjustment from
the write timing circuit 901B as shown in FIG. 5C.
The write amplifier 80 converts the recording signal
adjusted (subjected to the write compensation) by the
write signal adjuster 901A into the write current,
20 and supplies the current to the write head.
Therefore, as shown in FIG. 5D, the write head
perpendicularly and magnetically records the recording
data whose magnetization is reversed in the normal
position onto the disk 3.
25 As described above, according to the first

embodiment, the CPU 12 uses the detection result of

the magnetic disturbance from the magnetic sensor 16



'- 33 operation; and executing the wite operation on said di sk medi um by
said magnetic head in accordance with a recording pattern wite-conpensated
by said wite conpensation 5 step. 18. A nethod according to claim17,
wherein said disk drive includes a table for wite conpensation in which
strength and direction of said magnetic di sturbance and the recording
pattern on said disk 10 nmedi um are assqci atced W th one anot her, and said
wite conpensation step includes: referring to the table for wite
conpensation; and conmpensating for a bit shift of a data bit string witten

id disk | 15 19. A h di | ai , Sh [ id
detecting step. ?hﬁﬁ‘uaég?cE%Pﬂggﬁ&g%’gﬁ?ﬁ%ééné orbd, GelpRttb gt el et
cting . s Si SePve Tty eremstt
Ctrength and i Fic: PoeparedorheEd RBnpEnG ERAR KRB 0890 PRCABREEEE Win

si gnal “aVEfOrn%RHtQP%t%{gEthﬁsg@Bbﬁl?ggngiiﬁgnaéigﬁtgﬂg 3eeandiing to

claim17, wherein sal rive rncludes a wite annel which odtputs a

write current P&ié@é?t?@ﬁrﬁéHQPQEQH b9 EREORHIFNGHBEA025the AaWhkke chead
included in said magnetic head during the wite operation, and'said wite

conpensation stgpstehbHHes: t6XeR8t Whgte chidAnellhgowite conpensation in
accordance with informati on on the nmagnetic di sturbance detected by said

detecting step and alnecaedivigteaghahinzat icon dheeetrite edmpzingadiosk nmedi um
So as to give an offset to the wite 5 current pattern. .Al.A . A
.AL. A&r . AL. Ar. AQ0A&exACBLA&STAR. WEiAsScABPeA9stAOAdaAsEheAWrAteAdr . A9. A" A
.AL. Al . Ash. AA. AU. AU. AU. A" A. ABA" /tV$(+1hJ L kt w}
timing delayed from the normal maghetization reverse
position, when the magnetization direction of the

10 magnetic disturbance agrees with the direction of the
recording magnetization with respect to the write
signal.

On the other hand, when the direction of the
magnetic disturbance disagrees with the recording

15 magnetization direction, the write compensation is
executed at the write timing set before the normal
magnetization reverse position. In this case, the
bit shift amount is determined in accordance with the
magnetization strength of the magnetic disturbance.

20 Therefore, even under the influence of the
magnetic disturbance with respect to the write head
during the perpendicular magnetic recording, the write
compensation function adapted for the magnetic
disturbance can realize perpendicular magnetic

25 recording in which the normal position corresponds

to the magnetization transfer position as a result.

Therefore, when the influence of the recording
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first embodiment shown in FIG.

denoted to the same reference numerals, and the

description thereocf is omitted.

the principle of the write compel

1ies in that the

First, sation

25 function of the second embodiment
the write current

recording magnetic field, that isy
pattern 1s offset in a direction for canceling the
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eliminated, and the magnetization reverse is obtained
in the normal position.

Concretely, when the recording magnetic field
5 and magnetic disturbance have the same direction as
shown in FIG. 4, the magnetic disturbance acts in
a direction to strengthen the recording magnetic
field, and therefore recording distortion occurs.
Therefore, in this case, the recording magnetic field
10 is weakened, that is, the write current is reduced,
so that the bit shift can be eliminated.
Conversely, the magnetic disturbance acts in
a reverse direction with respect to the recording
magnetic field, and acts in the direction in which the
15 recording magnetic field is weakened. 1In this case,
the write current is increased so that the bit shift
can be eliminated. Moreover, since the offset amount
of the recording magnetic distribution of the main
pole 27 changes with the strength of the magnetic
20 disturbance, it is necessary to adjust the offset
amount of the write current accordingly.
The second embodiment will concretely be
described hereinafter with reference to FIG. 7.
In a Similar way to the first embodiment, during
25 the write operation, the CPU 12 refers to a write
current offset amount table stored beforehand in the

flash memory 13 and selects write current offset
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information based on detection information (the
direction and strength of the magnetic disturbance)
from the magnetic sensor 16.

For the write current offset amount table,

5 a value optimized using a read error rate as an index
is calculated and stored in the flash memory 13 by the
predetermined test apparatus during the manufacture of
the disk drive.

The CPU 12 sets the write current offset
10 information suitable for the magnetic disturbance into
the write current offset circuit 70 from the write
current offset amount table. The write current offset
circuit 70 calculates a write current wvalue in
accordance with a positive/negative recording
15 magnetization direction from the write current offset
information and supplies the value to the write
amplifier 80 in order to eliminate the bit shift by
the magnetic disturbance. The write amplifier 80
receives the write current value, and supplies the
20 different positive/negative write currents to the
write head in synchronization with the recording
maghetization direction from the write channel 90.
As described above, according to the second
embodiment, there can be realized a write compensation
25 function of adjusting the write current pattern output
from the write amplifier 80 in accordance with the

magnetic disturbance and eliminating the recording
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2[9'/!'9'90G'10%@cgkdyng magnetization direction. Thereby, the bit
5 shift amount of the recording data on the disk 3 can
be adjusted.

Here, with the write compensation method of the
second embodiment, the write compensation circuit in
the write channel 90 can be limited to a function of

10 compensating only for the bit shift by the adjacent
pattern bit. Therefore, the write compensation
resulting from the adjacent bit shift is executed
by the write channel 90. The write compensation
resulting from the magnetic disturbance is

15 distinguished from the above-described compensation
and executed by the write amplifier 80. Therefore,
it is easy to adjust the bit shift amount.

In short, according to the above-described
embodiments, particularly when the single pole type

20 head is used as the write head, and is applied to the
disk drive using the double-layered disk and including
the perpendicular magnetic recording system, recording
distortion resulting from magnetic disturbance during
the write operation can be eliminated. Therefore, it

25 is possible to suppress the degradation of the read

error rate resulting from the recording distortion

during the data reproduction for reproducing the data
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5 compensating for the recording distortion based on the

detection result of the magnetic disturbance can be

realized during the write operation. Therefore, when

the write compensation function effective against the

magnetic disturbance is realized, the error rate of

10 the data reproduction time can be enhanced.

(Modification Example)

As described above, in the respective

embodiments, a magnetic sensor 16 for detecting the

magnetic disturbance is disposed. The present

15 modification example is a constitution in which the

GMR element constituting the read head of the head 4

is used as an alternative to the magnetic sensor 1l6.

That is, during the write operation, the CPU 12 reads

the predetermined pattern included in servo data by

20 the GMR element and estimates the strength and

direction of the magnetic disturbance from the read

signal

waveforn.

This example will concretely be described

hereinafter with reference to FIGS. 8A to 8E and SA

25 to 9C.

S

ince the magnetic field flowing into the GMR

element from the disk 3 is large in the perpendicular



" OF100& () - 9#NMLO%& ()-3 ! 10%& ()-F " 109%& ()- NN, OO0P: Pj PkPl PdE: /! 10 10

3:f 109 ()-F S8109%&' ()-9 6m 109& ()- .109%& ()-9- 10%& ()- 3

+310%& () -1 PPt PGQORRSr P1/! 3 ! 10%& ()-!9! 109 ()- '9! 109%& () -

1 109% () -2z!n! 10965& ()-zf smlO% ()- 10STTTUUUUW [M! 3 !10% () 10 10 10!
92" 10%& () -y! 92" 109%&' ()-y! 9#! 109%& ()- ! 9#! 10%& ()- UUF VK\WWAgXz[ OM !

19" 1 10%¢Y#Y&' ()- 3 10% h&' ()-! "#10%(~(& (},! S#10%hsh&' () -1 a#10%: () - SL0%
h& () - gXXkYYMZZZZZ} [ M1l 10(! (! 10(! (!

10(1 (! TL/ i 109! (1 & ()-: ! L/n1'10%1h;&' ()-289%\10%A Pl 1001 (119 1100 ()-1 ©
<& ()-S! 9% 10%th#h& ().-S9 ! 10% & ()- 2 CIA<MRLL 1(119 | () -

! 105/«)&' ()-110%& (“jai‘%%eghco%?%’ﬁlﬂg('m%)@ %LF réb%}@fS%OT]&ﬁéurszée&he

10(* (! 10 10!9. Hrje%%g‘ls(i)gfnga{lg'v:; é’/f%r(xé “frh ]8”?@ %I\ga_element with a large

influence of the magnetic disturbance. For example,
as shown in FIG. 8A, the read signal waveform

5 corresponding to an isolated waveform recorded in a
state in which there is magnetic disturbance exhibits
a waveform in which a fluctuation of output amplitude
is caused by the magnetic disturbance as shown in
FIG. BA.

10 On the other hand, the read signal waveform in
a state in which there is no magnetic disturbance is
the waveform shown in FIG. 8B. The CPU 12 estimates
the strength of the magnetic disturbance based on the
fluctuation of the output amplitude.

15 Moreover, the CPU 12 estimates the direction of
the magnetic disturbance from the read signal waveform
corresponding to a specific pattern included in the
servo data. Concretely, as shown in FIG. 8C, the
read signal waveform having a repeated pattern of

20 a high-frequency signal and DC is estimated. Here,

a DC portion preferably has a high sensitivity, when
the influence of interference of a high-frequency
signal portion is not exerted. However, when the
output of the DC pattern portion is higher than the

25 output of the high-frequency signal, it is possible
to estimate the waveform. Furthermore, it is

characteristic that the magnetization reverse of the
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high-frequency signal is performed by an odd number of
times. In the present modification example, an FFFF
80 pattern in NRZI notation is used.

Furthermore, when the magnetic disturbance is

5 applied in the positive/negative direction of the

specific pattern, the read signal waveform is obtained
as shown in FIGS. 8D, 8E. As apparent from FIGS. 8D,
8E, the upper/lower symmetry of a low-frequency
portion is reversed by the application direction of

10 the magnetic disturbance. Particularly, the
application of the magnetic disturbance in a
ferromagnetic field is remarkable in FIG. 8D.

FIG. 9A shows the relation between the magnetic
disturbance and index, assuming that a DC output

15 directed upward from a middle of the high-frequency
waveform is A, a downward DC output is B, and
(A-B) / (A+B) 1s the index (asymmetry: Asym-Dis).

The strength and direction of the magnetic disturbance
can be specified by the index.

20 Moreover, the read signal waveform is a
rectangular wave in perpendicular magnetic recording.
Therefore, when a differentiating circuit is disposed
in the read channel, and the read signal rectangular
wave 1s converted to a differentiating waveform,

25 a signal processing system similar to a longitudinal
magnetic recording system can be used. 1In this case,

since the read signal waveform of the isolated



T 10! L 10v@eE ()- ! s!10%& ()-z!s! 109%65& ()-zf mLO%&' ()- 10 10 10l

Y: 410%& ()-f ggghi sizX6-\:! 10! LO! 10%& ()-Y ! L% 10%@&& ()- !L% 10%& ()-
LLm' 109&2& ()- ! LLm 109& ()- 'L!109&2Z& ()- si?j @A Bjljyjjjuvrl 10!
1096& ()- 109B& ()- 109%& ()- @109%& ()- 10 10 10! LO! 109%& ()-Y
jj-kdkkkkdEuv7! 10!  109é& ()- T109%é& ()- 109%Bé& ()-

35109%& ()- @! 109%& ()- " z10%& ()-kl Alw I ndEuv7!™ 100 #1 109%& ()-

waveform is similar to the waveform of the
longitudinal magnetic recording system, the waveform
distortion influenced by the magnetic disturbance
appears as a change of peak shift as shown in FIG. 9B.
5 As shown in FIG. 9B, the peak shift has a one-to-one
correspondence to the magnetic disturbance and
direction, and can be used in detecting the strength
and direction of the magnetic disturbance.
In short, according to the above-described

10 modification example, the specific pattern is recorded
continuously with or in the vicinity of the servo
data (servo pattern) in the servo area on the disk 3.
The specific pattern is read out by the GMR element as
a read head during the write operation.

15 The CPU 12 estimates the strength and direction
of the magnetic disturbance from the read signal
waveform corresponding to the specific pattern.
Therefore, it is unnecessary to dispose the special
magnetic sensor 16 for detecting the magnetic

20 disturbance inside the disk drive.

Here, some of the disk drives include the
read amplifier 81 on which a monitor terminal for
monitoring the MR resistance value of the GMR element
is mounted. The GMR element changes not only with

25 a change of the resistance value by the recording
magnetic field on the disk 3 but also with a

fluctuation of an outer magnetic field (magnetic
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FIG. 9C shows a relation between the magnetic

disturbance on the abscissa and the monitor output

(amplitude value) on the ordinate. That is,

it is

5 apparent that the monitor output (amplitude value)

has a one-to-one correspondence with respect to the

magnetic disturbance. Therefore, the CPU 12 monitors

the MR resistance value of the GMR element of the read

head and can thereby detect the magnetic disturbance.

10 Additional advantages and modifications will

readily occur to those skilled in the art.

Therefore,

the invention in its broader aspects is not limited to

the specific details and representative embodiments

shown and described herein. Accordingly,

various

15 modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A disk drive comprising:

a disk medium in which a data signal is recorded
by a perpendicular magnetic recording system;

5 a magnetic head which performs write and read
operations of the data signal with respect to said
disk medium;

a magnetic sensor which detects a magnetic
disturbance in the vicinity of said disk medium; and

10 a write compensator which calculates a
magnetization direction of said magnetic disturbance
in accordance with a detection result from said
magnetic sensor, and executes a write compensation in
accordance with information on the magnetization

15 direction and a recording magnetization direction on
said disk medium during the write operation.

2. A disk drive according to claim 1, wherein
said write compensator compensates for a bit shift of
a data bit string perpendicularly and magnetically

20 recorded on said disk medium.

3. A disk drive according to claim 1, wherein
said write compensator accelerates or delays write
magnetization timing with respect to a normal
magnetization reverse position of data perpendicularly

25 and magnetically recorded on sald disk medium and
thereby compensates for a bit shift.

4., A disk drive according to claim 1, wherein
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said write compensator includes a table for write
compensation in which strength and direction of said
magnetic disturbance and a recording pattern on said
disk medium are associated with one another, and

5 refers to the table for write compensation to
compensate for a bit shift of a data bit string.

5. A disk drive according to claim 1, wherein
said write compensator includes a table for write
compensation in which strength and direction of said

10 magnetic disturbance and a recording pattern on said
disk medium are associated with one another, and

refers to said table for write compensation and

accelerates or delays recording magnetization timing
with respect to a normal magnetization reverse

15 position of data perpendicularly and magnetically
recorded on said disk medium to compensate for a bit
shift.

6. A disk drive according to claim 1, wherein
said disk medium includes a perpendicular magnetic

20 recording layer, and a soft magnetic layer disposed
between the perpendicular magnetic recording layer and
a substrate.

7. A disk drive according to claim 1, wherein

salid magnetic head includes write and read heads, and
25 the write head includes a single pole type
head which applies a recording magnetic field in

a perpendicular direction to said disk medium.
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8. A disk drive according to claim 1, wherein
said disk medium includes a perpendicular magnetic
recording layer, and a soft magnetic layer disposed
between the perpendicular magnetic recording layer and

5 a substrate,

sailid magnetic head includes write and read heads,
and

the write head includes a single pole type head
including a main pole which generates a magnetic flux

10 in a perpendicular direction to said disk medium, and
an auxiliary pole constituting a magnetic flux path
together with said main pole and soft magnetic layer.

9. A disk drive according to claim 1, wherein
said magnetic head includes a giant magnetoresistive

15 (GMR) element as a read head, and

said write compensator includes a device which
uses the GMR element as said magnetic sensor and
estimates strength and direction of said magnetic
disturbance in accordance with a signal waveform

20 output from the GMR element.
10. A disk drive according to claim 9, wherein
a disturbance detecting pattern for detecting said
magnetic disturbance is recorded beforehand in a servo
area disposed on said disk medium, and
25 salid write compensator includes a device to
estimate strength and direction of said magnetic

disturbance in accordance with a read signal waveform
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obtained when said GMR element reads the disturbance
detecting pattern.

11. A disk drive according to claim 10, wherein
said disturbance detecting pattern includes a repeated

5 pattern of a high-frequency signal pattern in which
an odd number of magnetization reverses are performed.

12. A disk drive according to claim 10, wherein
said disturbance detecting pattern includes a repeated
pattern in which a peak shift of a low-frequency

10 differentiating waveform is used as an index.

13. A disk drive according to claim 1, wherein
said maghetic sensor includes a device which outputs
detection information indicating strength and
direction of said magnetic disturbance.

15 14. A disk drive according to claim 1, further
comprising:

a write channel which outputs a write current
pattern corresponding to recording data to a write
head included in said magnetic head during the write

20 operation,

wherein said write compensator executes the write
compensation so as to give an offset to the write
current pattern in accordance with said information.

15. A disk drive according to claim 14, wherein

25 said write compensator includes a table for write
compensation in which strength and direction of said

magnetic disturbance and a recording pattern on said
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disk medium are associated with one another, and
refers to the table for write compensation and
executes the write compensation so as to give the
offset to said write current pattern.
5 16. A disk drive according to claim 1, further
comprising:

a write channel which outputs a write current
pattern corresponding to recording data during the
write operation; and a write amplifier which supplies

10 a write current corresponding to the write current
pattern to a write head included in said magnetic
head,

wherein said write compensator executes the write
compensation so as to vary a write current value

15 output from said write amplifier in accordance with
said information.

17. A method of write compensation for a disk
drive which includes a perpendicular magnetic
recording type disk medium and a magnetic head for

20 reading/writing data from/to the disk medium, the
method comprising:

detecting a magnetic disturbance in the vicinity
of sald disk medium;

executing write compensation in accordance with

25 information on the magnetic disturbance detected by
said detecting step and a recording magnetization

direction on said disk medium during a write
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operation; and
executing the write operation on said disk medium
by said magnetic head in accordance with a recording
pattern write-compensated by said write compensation
5 step.

18. A method according to claim 17, wherein said
disk drive includes a table for write compensation in
which strength and direction of said magnetic
disturbance and the recording pattern on said disk

10 medium are associated with one another, and

sald write compensation step includes: referring

to the table for write compensation; and compensating
for a bit shift of a data bit string written on said
disk medium,

15 19. A method according to claim 17, wherein
said detecting step includes: using a giant magneto-
resistive (GMR) element constituting a read head
included in said magnetic head; and estimating the
strength and direction of said magnetic disturbance

20 in accordance with a signal waveform output from the
GMR element.

20. A method according to claim 17, wherein said
disk drive includes a write channel which outputs a
write current pattern corresponding to recording data

25 to a write head included in said magnetic head during
the write operation, and

said write compensation step includes: executing
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on the magnetic disturbance detected by said detecting
step and a recording magnetization direction on said
disk medium so as to give an offset to the write

5 current pattern.



