'e3eX; 6FTI z\  METHOD AND APPARATUS FOR HEAD POSI TI ONI NG CONTROL I N

PERPENDI CULAR MAGNETI C RECORDI NG OF DI SK DRI VE BACKGROUND ON
5 The present invention relates generally to a perpendiculgmmwmﬁwmmmmmw
recording disk drive, and nore particularly to a head positioniqgnﬁpntrol
operation that is perfornmed based on servo data that is perpendicularly
magnetically recorded. 10 Practical use-ofidisk drives of perpendicul ar
magneti c recording has recently been pronmoted. In the perpendimwmmﬂmummwmm
magneti c recording, generally, servo data used for head positi I
is recorded on a disk nedium (refrerredrt guas aveiNgkdrer ei nafter) Byoodd a
wite head that is called a single pole type (SPT) head suitable for

per pendi cul ar nMBAEODCANBCAPHARATUAS FORS HEADWROST ME ONE NGO CONTROLS I oadl y
divided into a cylinder code (track address) for identifying a track
(cylinder) on t RERBENRIGHHAB MAENBTHGr BECRBDINGnaF DISHeDRAVE cal | ed burst
data) for sensing a position of the head within each track. A disk drive

i ncorporates a head positioniBRFEGHVEP QF st INYEYTEOXPU as a mai n
conponent, This systemputs a read/wite head in a target position 25
(target track positioRf BRCEeBtskNNEEEd ovn redpr6sdgeretrdtlyi £ eproduced by
a read head (which is n§£g§h5¥ made %t a GWR el.enent) of the read/wite

. )
head. - 2 |f®nB°5BFY cHAIBETLEPFEERELA o PLSE: BF 1Vier P&%nat ural |y

difficult to positio he correctly a nmeasure to avoid.an error in
reading a servoaﬁé?kg?%gﬁﬁﬁgarix §8r90h8§?apoﬁl PH&&goFOE%FP&izing a sense
5 current of a n at .c i read he i QRO (refer
to Jpn. Pat. App an §§§|E55E|?Saﬁggﬁgﬁégalg?égéoﬁg %gfnggﬁp%e%% i nce the
read/ wite headikSpepRELAYERY p i ead/ W id.g operation, there
exi sts an 10 of%se? bgtmeeEahgggyeﬁéggﬁggbgilge?%g g %bffsetting in head

positionimg node usi Bga@tﬂt&lnﬁééub@d@.fsfks@ri%'su%fagae\&@énoﬁ%ﬂ%rﬁ/o data is
proposed (refer to U S. Patents Nos. 5, 978, 168 (1999) and 6, 067, 205
(2000) , for exmaphekriclbetorainer hasdiredkar lyapeehi §rogo®kdi.ng e hedri ve,
the foll ow ng phenonenon is confirmed: If a singlepole wite head applies a
magnetic field perpendidedadanagnbhbie pekardtygi s gepeesillls,t ¢erive

magneti zation polarity of data magnetically recorded in advance on 20 a

di sk, the recordetiadasadchangbsafdnpeaghévniagi consratle isThiesopidedomanon i s
called a hard easy transition shift (sonetines referred to as HETS

herei nafter) orasfapkynedined (§efargedr Aasisi ondiske hered nataey)e by 200

k FRPI Da{g Recording LB'ng a Ebve[ 25 Bi - Layered Head i.n Perpendi _cul ar
Magnet i ¢t Recor dfnfEE tPERRAY, EReSctFoR2oheRngnEingde Yaile Sypend SES)

November 1993, ﬁggg éQZ%éblénfE?ep§§£§de@%9a% %%%%etic recording.

As is known, the servo data is broadly divided
into a cylinder code (track address) for identifying
a track (cylinder) on the disk and a servo burst

20 signal (sometimes called burst data) for sensing
a position of the head within each track.

A disk drive incorporates a head positioning
control system using a CPU as a main component. This
system puts a read/write head in a target position

25 (target track position) on a disk based on servo data
that is reproduced by a read head (which is normally

made of a GMR element) of the read/write head.



-3 wites data whose magnetization polarity is opposite to that of a disk
on whi ch data has not yet been recorded, an apparent nmagnetic field viewed
fromthe head beconmes strong and a magneti zati on di spl acenent 5 point is
shifted. In the above perpendi cul ar nmagnetic recording disk drive, the HETS
phenonenon is confirmed in which a nmagnetization state of data changes when
the data is magnetically recorded on the d&i sk by the wite head. 10 In the
per pendi cul ar magnetic recordi ng di sk drive, a head positioning control
system conpares a cylinder code reproduced fromservo data read by the read
head and a target cylfngersepde aath eashpet heprb8ubeadcpesttt 0yi ngt node.
In this conparison, the 15 occurrence of errors in conparison due to the
HETS phenonenonis ssaonfa X Ieddbff Bcpet f o6 neecet eyl dahéed ¢6ste@nlyhe di sk
drive. A nunber of errors in conparison occur particularly in cylinder
codes of tracksAata themsunnerte aavasd odn t derdr sin whez@i?d 4 heeresansrkg
density of servo data increases. In general, a track that causes an error
in conparison bétqeededyin mrFve odetai sa regikeerefl estimilziegtaveensack at
the time of manufacture and not used for recording of data and, in other
words, 2% a so-SHITRR £% & fdfke eremanbsEhahi aonbpeiaes on Feageheadned.
However, a disk drive wt %;sgéive tracks exceedjing a prescribed nunber

is treated as *% BFORP ore. IR nskRfuetPRLn t WEORAUT act uri ng

yields of disk gdrives deterjorate | nupber of errors. in conparison
bet ween cyl i ndeE?u}%:]oJu%ast]oocr%L}\k(?‘ ﬁﬁcé‘?sﬁ%‘re QereX#Rteht ternate track

assi gni ng operation -fnéggﬁjx%efjeg&/‘ﬂP gérﬁé%&gég?ggﬁéagﬁgSQG ween cyl i nder

codes occurs after shipne f produc.lL ; ite

operations decrgasgsey EiRdéEFr%Ytgoggﬁéngﬁggkége@?sggbggi ment of

the present invention i's to provide a perpendi cul ar nmagnetic recording disk

drive ing udingdaedd indfed0 DL 0L MRMEREs POSA LHOMNHY SPNLEBLLPBLy! S
ef fective agai nst an HETS phenonenon. According to an enbodi nent of "t he

present 15 inveint igpd tdwes et idn pi@vheesd s th§ka dbryene9sprési dgraehead

whi ch records/reproduces data on/froma di sk medi um on which servo data is
recorded by penpentt cal arenlagnetservecdath ngs Bropo®ey (bétdr storessan

of fset value to correct an offset due to 20 a hard easy transition shift
(HETS) phenoneratathieh Ndwe. ser¥08 dbé@ | 599er pandi ¢ud 67 ) 05agpeddral | y
recorded, and a controller which positions the head in a target position on
t he di sk medi uMaBisHARhe)ser vo data and the offset value when the data is
recorded. 25 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG The
acconparyi ng drawi ngs? PRI FHLSF pBraRelirnrasardsngt diakedaipart of

t he specificati illustrate enbodi rren%s of .the_invention, and

together with t#ﬁ?gﬁﬁ%ﬁéﬁiQﬁa THPINOYi Ven“Ab YERSR %Eeaqéfag%%a o |
of the. i nvent | &5 L s T A ELRS G dleaifErE e B P febdeBiaing to-
a first enbodi g, Qfnddle REESENy  IWeLLOPi te to the magnetization
polarity of data magnetically recorded in advance on
20 a disk, the recorded data changes in magnetization
state. This phenomenon is called a hard easy
transition shift (sometimes referred to as HETS
hereinafter) or simply called a hard transition (see,
for example, "200 kFRPI Data Recording Using a Novel
25 Bi-Layered Head in Perpendicular Magnetic Recording,"
IEEE Transaction on Magnetics, Vol. 29, No. 6,

November 1993, Page 4074). In the HETS, when a head



FIG 2 is a black diagramof the main part of a disk controller of the disk
drive according to the 10 first enbodi nent of the present invention; FIG 3
is an external view of the disk drive according to the first enbodi nent of
the present invention; FIG 4 is a chart of a disk format of the disk 15
drive according to the first enbodi nrent of the present invention; FIGS. 5A
to 5C are charts showing the disk format i detail; FIG 6 is a chart
illustrating servo data in 20 the disk drive according to the first

enbodi nent of the present invention FIG 7 is a chart illustrating servo

data that is subiepesedidoa amhbEd SuRbeaEMBAGNChNpbNErdigkidr bgoasearding to
the first enbodi nent of the present 25 invention; FIG 8 is a chart

illustrating antdiEitaphenoaeqdski ontWeidhskadai Mesageer ¢engpbkent he first
enbodi ment of - 6 the present invention; FIGS. 9A to 9E are charts each
illustrating anreperdtdpnanfappateny seguethar §ieddt aikewetthérdinskhdri ve
according to the first enbodi nent of the present 5 invention; FIG 10 is a
graph ill ustrathesd dbeednes onbhopg aandf &seaguatiieaandnt Hésplabemeat errors
in the disk drive according to the first enbodi ment of the present
invention? 10 PP@niissshiftedehart illustrating a head positioning
control operation of _the disk drive according to the first enbodi nent of
the present inventiof® Fi& 229VEsPErPRBAdRELRL| PRFELLALC AgCQTAétWod of 15

nmeasuring an offset value ipn th isk drive accordin
9 dfsk grive, Qhe ﬁEgs phenomenon gs cogfirmed in which

a magnetization state of data changes when the data is
magnetically recorded on the disk by the write head.

10 In the perpendicular magnetic recording disk
drive, a head positioning control system compares
a cylinder code reproduced from servo data read by the
read head and a target cylinder code with each other
in head posifioning mode. In this comparison, the

15 occurrence of errors in comparison due to the HETS
phenomenon is confirmed by a performance evaluation
test on the disk drive. A number of errors in
comparison occur particularly in cylinder codes of
tracks at the inner radius of the disk where

20 the recording density of servo data increases.

In general, a track that causes an error in

comparison between cylinder codes is registered as
a defective track at the time of manufacture and
not used for recording of data and, in other words,

25 a so-called alternate track assigning operation is
performed. However, a disk drive with defective

tracks exceeding a prescribed number is treated as



to the first enbodiment of the present invention; FIG 13 is a black

di agram of the main part of a disk controller in a disk drive according to
a second enbodi nent of the present invention; and 2'0 FIG 14 is a bl ock

di agram showi ng a nodification to the second enbodi ment of the present

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of the present

invention wll be described bel ow with-efsgerence to the acconpanying 25
drawings. FIGS. 1 to 3 illustrate a configuration of a perpendicul ar
magneti c recordi ng di sk drive 7 _ according to an enbodi ment of the

present inventiprdefdanfvguasi on of Disk Drive) FIG 3 is an external view
chiefly showi ng a nechanismof the disk drive. 5 As shown in FIG 3, the
di sk drive 1 conpri sesnsedhiektl1P, ofhe penpeadieulng vognesi 6£recokdi ng
medi um a head 11 that reads/wites data fromto the disk 10, a spindle
motor 15 that rdtigtes ddieedickatld,ifmn ambet uaf csr{eas rimgednddr ion t he
head 11. 10 The head 11 is a magnetic head including a wite head 11W
conposed of a Fefgieepctel Hudar stvded| ecdar. petpereli cwzeovegnet i ¢
recording and a read head 11R conposed of a GWR (gi ant magnetoresistive)
el ement. “The wdt & HeaPalqVEmr eaes Heatnd 19 e et Fpunt edr e ised hef sane
slider separately fromeach other, The actuator 13 includes a VCM (voice
coi |l motor) an&‘%r?%‘?‘?ﬁ arft TRIRAT 11 MRekVaan | 7+ RIS hdrefesi 9@eeran of the
disk 10 by the driving force of .the VCM 20 FIG 1. is a block diagram
chiefly showi nga%to‘?ﬁ r%?lp&‘fe%eoﬁi%rko%??%' 1t%%oP%W%ﬂa%fh%%t°€fwﬁh e
el ectronic Ci“ﬁﬂér éﬂéﬁs]dé§%§ﬂ§§%an illustration chiefly of a

4 hea

configuration of" positioning control system Conponents such as a
ey oo o e Fr o PR SR P8R 0ckR B o, L ecor g
also 109 _ An embodiment of the present invention is to
provide a perpendicular magnetic recording disk drive
including facilitiés to perform head positioning
control that is effective against an HETS phenomenon.
According to an embodiment of the present
15 invention, there is provided a disk drive comprising
a head which records/reproduces data on/from a disk
medium on which servo data is recorded by
perpendicular magnetic recording, a memory which
stores an offset value to correct an offset due to
20 a hard easy transition shift (HETS) phenomenon when
the servo data is perpendicularly magnetically
recorded, and a controller which positions the head in
a target position on the disk medium using the servo
data and the offset value when the data is recorded.
25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated

in and constitute a part of the specification,



conprises a preanplifier (read anplifier) 12, a read channel 20, a disk
controller (HDC) 30, and a m croprocessor (CPU) 32. The preanplifier 12
anplifies a data signal 5 (reproduction signal) read by the read head 21R
of the head 11 and sends the anplified signal to the read channel 20. The
read channel 20 is a PRWML signal processing circuit and has an AGC
(automatic gain control) anplifier 21 kavilng-an AGC function and 10 an LPF
(lowpass filter) 22. The AGC anplifier 21 is an anplifier for adjusting
the anplitude of the reproduction signal to a fixed value. The LPF 22 is an
anal og filter fiorlustecte gt dmeants esflathei hgvant ame) ognwavefetRer15 The
read channel 20 has a digital equalizer 23, a data decoder (referred to as
a decoder her eiwidfh erthe 2knear gt aje sodep dbcwdgi vén edlesvedaha Bsea GC decoder
herei nafter) 25, and a servo burst signal decoder (referred to as an SB
decoder her ei nateta)les, doicmirt i ¢ &l tleuanbe@inedt s ngi ueesbahow D
converter to performa digital equalization process for decoding an anal og
si gnal wavef or iV UEC feEMahe trF pringiples daf atke ghaventthendecoder 24
includeség Viterbi decoder to decode (denodul ate) the data signal 25 into
user data of digital Hat al ahd 3ehtOthedidgragaph 2odifik MDEVED. The anal og

signal waveform output fromthe LPF 2 . is jhput to a servo decoder
and decoded irn%?%ﬁ#%&PQkﬁ%La %%r%%%?@%%%%F'?g E%%epﬁﬁsﬁ?tthe GC decoder
25 and the SB ﬁgﬁﬂgﬁﬁiﬁ§f The GC decoder 25 decodes a coded anal og data 5
signal recorded on e disk 10 into gray code data of a digital signal. The

SB_decoder 26 converssza peak yabis of 20 anal 99 SELVR.PYr L i gpal or an
) g ¢5 ?ﬁe P 8 ?or

area integration signal correspondin eak value in urst data of

digital values {8 &b Der 10 Thee "@fs]??dff&@i é{@éomﬁagr@x gnpde data

and burst data fromthe servo decoder as we as the user ta decoded by

the decader 24,fiant peidedierPRrdf Ofhd SLEYO P DEeSEL Negessary for head
positioning as will be described later.” In other words, the HDC 30 has 15 a

decoder that receiveBIgray r®dendekdefrnom vhewreadtebagnek 48igad decodes
it into the original cylinder code. The HDC 30 al so converts serial data of
the user data ianaoydired Ited et af nsit estdhadiyesnt eafl/ e t prdaéat 20 and

commands with a host system 2. The HDC 30 stores
invention;

FIG. 4 is a chart of a disk format of the disk
15 drive according to the'first embodiment of the present
invention;

FIGS. 5A to 5C are charts showing the disk format
in detail;

FIG. 6 is a chart illustrating servo data in

20 the disk drive according to the first embodiment of
the present invention;

FIG. 7 is a chart illustrating servo data that is
subjected to an HETS phenomenon in the disk drive
according to the first embodiment of the present

25 invention;
FIG. 8 is a chart illustrating an HETS phenomenon

in the disk drive according to the first embodiment of




data (read data) reproduced fromthe disk 10 and wite data transferred
fromthe host system 2 tenporarily in a buffer RAM 31 to control data
transfer between the HDC 30 and t he host system 2. 25 The CPU 32 perforns
head positioning control, data read/wite control and the |ike, which are
associated wth the enbodi nent of the present - 10 invention, in
accordance wth prograns stored in a fl-ashs EEPROM (FROV) 33. The CPU 32
acquires information and signals necessary for head positioning control or
commands fromthe host system 2 while 5 comunicating with the HDC 30.

(D sk Format) Thige dbsksdibt | Nevagesom; nunber of tracks 100 as illustrated in
FIG 4. Each of the tracks 100 are divided at alnost the sane angle into a
plurality of 10 sectBIGS119AatoshbwarenckbGtsS5Aackatchlobtrheiagectars 110 is
roughly divided into a servo area 120 and a data area (data sector) 111 as
shown in FIG Shefheichatal avehtind $srvworkensdi dgtaréa bhewdisk user data
is recorded. 15 Servo data is recorded on the servo area 120 to position
the head 11. AGH H&¢ s2qodrdingetwother kiysh) enbodigeny eddehdapaesestand
servo burst data (burst data Ato D) 124 are recorded on the servo area 120
as shown ¥ n FI GDSRREDPNThe gray code data 123 includes a sector code

i ndi cative of a position gé the head 11.in the rotatin% direction of the

di sk 10 and a cylindefCcod® t¥rackrabir dsPSERAFLREi Fel6f281RBSPLPOR O t he

head 11 in th ial direction.. Th data_123 d t dat
154 are arranget fiohaVe 4o B A FORCHEBCAE Shofih PACFF & CB° THERCPU 30

when bur st dat B (e ARSI bR athe sETaty HiEbNEbat G ERy peseRR A e
invention;

10 FIG. 11 is a flowchart illustrating a head
positioning control operation of the disk drive
according to the first embodiment of the present
invention;

FIG. 12 is a flowchart illustrating a method of

15 measuring an offset wvalue in the disk drive according
to the first embodiment of the present invention;

FIG. 13 is a block diagram of the main part of a
disk controller in a disk drive according to a second
embodiment of the present invention; and

20 FIG. 14 is a block diagram showing a modification
to the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be
described below with reference to the accompanying

25 drawings.

FIGS. 1 to 3 illustrate a configuration of

a perpendicular magnetic recording disk drive



reproduced and the anplitude obtained when burst data B (sinply referred to
as burst B hereinafter) is 5 reproduced becone the sane to position the
head 11 on the central |line 60 of each track. Reference nuneral 61

i ndi cates a boundary between tracks. The CPU 32 identifies a track for
positioning the head 11 using a cylinder code (to be decoded by the 10 HDC
30) included in the gray code data 123.- | 17 ot-her words, the CPU 32 carries.
out a seek operation to nove the head 11 to a target track based on the
cylinder code acquired fromthe servo data. (Head Positioning Control
Operation) 15 Adeatinogitd ot NGuSEMiioht OPLT Blhé Ofr 46&9F Ui Rged ©ibRE

enbodi nent of the present invention will be described with reference to
FIGS. 1, 2, 7 aftbrifligiReteron ngf fDisk Doiv)G 1, when the host system 2
issues a wite command, the CPU 32 positions the head 20 11 (wite head
11W in a target addfrESs dnis hendéskedNahssbewatkbilefd yhshbeimgi t e command.
Upon receiving the wite command fromthe host system 2, the HDC 30 hol ds
target address 3 fiothanish oh Hhe ediskedrivel uded in the HDC 30. The CPU 32
can 25 g%Ln access to the register to_acquire the command and target

addr ess ihf or mat i on. AUstROWS 12 hel€ ar det thaddess dnivenht Fomprisesnt - 12

fromthe host syste {n S format _where C neans,a cylinder code (target
track address) aP/IQEJIﬁr%j%cdatcéé:l_{aat RRRFRMTh et 2 e S ehot BCrdERe or nunber |

The HDC 30 h Qi ClL i . 342 hol di 5

cylei nder codgssl%p({)ﬁgn:afztafe;%%?%eth&?t 2@%%@%?‘@1%%5 i ‘%g{%tfﬁ?llﬁ/gg‘? ntllg‘F tG\ar g.et
The HDC 30 al ; [ i 1 hol di jnd
code decoded by the T GRcOURI S THeT by AL BHE chARBr =501 OThe.
cylinder code ig 48 acrpra{cqmag%@c&a}pr st%izfgi%ir&ﬂ%lt%ga&e?ﬁ 11 is

positioned. The HDC 30 al so has a register ng € burst data

(A to Dpoout put fromphensiy decodera 2faqghdfibhengnye; nthgq s 30,haga

conparat or 303 for conparing the target cylinder code set Ih the target 15

CL register 30 1lve aampeidd Cdfiéld@IngIDéiﬁ%csPé h&ad heu ahegi s6er 301.
The CPU 32 determnes a noving direction in ich the head 11 noves to a

target track (temmgetndiduledemagnst c tesgetd speeshdta wesh héedhear 11
noves thereto to performa seek operation. 20 The CPU 32 repeats the above
process for eaciemprses @rfeas BMR t oY comipunagze tone s Dbt Dper a¢ 1l egenal ue
(digital value) based on the noving direction and target speed and send the
val ue to a VCMTd¥e verite hegeh Mdland viegad sheagpl 1R same vovigaed uaor ) 13
with 25 % driving current. corresponding to the control operating val ue.
This seék oper &irFate Gl defe IRRAFatEekyw f¥en Heaeh 1at)e¥ o nove to a tar get
track. - 13 When the head 11 reaches_the target track, the CPU 32
control s the positiofof*¢ e Head 1112t Adedur sYCtal X0t EF acRE hgmeERED ol ) .

'n this positiqn ot g 4P B SZAEAE™N AP LHde (gl g] tal value)
direction of the disk 10 by the driving force of
the VCM.

20 FIG. 1 is a block diagram chiefly showing control
of the disk drive 1 and arrangement of an electronic
circuit. FIG. 1 is also an illustration chiefly of
a configuration of a head positioning control system.
Components such as a write channel which are

25 particularly associated with a data recording
operation are omitted from FIG. 1.

Referring to FIG. 1, the disk drive 1 also



5 of each of the bursts A and B fromthe regi ster 300 of the HDC 30 and
carries out a position error conputation (steps S1, S2 and S3). The CPU 32
conputes a position error of the head 11 with respect to the central |ine
of the target track (an absolute 10 value of a difference between bursts A
and B) to control the position of the head such that the position error has
a value of "0." This position control i-nclsudes a process for stabilizing
the control system 15 The CPU 32 determ nes whether the cylinder code in
which the wite head 11Wis currently located and the target cylinder code
coincide with easipridey ahercddiel Wide hesed LMY pOSidtonedl, i H f&gqt ar get
track wites data sent fromthe host system?2. 20 This conparison is
carried out by dhHenrcdnpdrataordi3dld ointiel HXC DCRAS3Uesamd bed above. When

t he conparison results coincide with each other, the HDC 30 supplies the
CPU 32 with an amimnromiqgedsandi@Ril) v of wite enable fromthe 25
conparator 303. The CPU 32 therefore wites data by the wite head 11W of
the head 11 positiongie \®Eeampthelenrj2tamphikies a datarponglshows an

i deal recording state of servo data. FIG 7 shows an exanple of a recording
state of %ervo FRRFIBEHrRNY Stk se9ad Ry ebha2oead keaddltk 2d by act ual

di cul ti di ng. As sh in FILG .7, d t he infl
of the foreqoi Mg HPRShHen GRS he- g | Aetkt L odeS 19521 nep L4Re FRAEhe
ervo data i ifte a nt SOin.a direction i direction
zpp\c/)si te tolz :nglrav%“%' it%/Oe' gmecﬁ%%é 7%11?1?1!6 t%% Jt?g%mk n%ljagﬂ}a%l ;nd 10
ded i i o hit i t } Tt k.
The burst data Bstr S R Iandlda S T RS | R EoR e B SR ET L ot A oy

B are coupl ed by & W didy, COF 1 &SPONALNgi 49 iﬁﬂeAé@if nBEPYAL 539 I n the

vicinity 15 of the central line 60 of a track (see the portion circled by
nunmeral 162). | myd hiser Gk stet€epf sgervo data, if the read head 11R is
positioned such that the anplitudes of the bursts A and B becone the sane
(position error is OyheiAGE sampiffedrbyl Sis(&A/ anp20rieenrbhe central [ine
60. The cylinder code 123 is shifted by anmount SO and recorded head 11R
(burst A 2 5 t adyusimnadjles entp Howedero £ ashdeseprbédctboresiyhalt berefore,
the read is positioned to elimnate a position error - burst B =0), it
reads part (cora esSipadivalypant Bie ocfPEh22t)s odnt omwatyyi Atleteroflerof the
track that is servo-witten afterward. the anount of data read fromthe

adj acent - 15eqUGHE dpetRIAPp T ERbl 7 /¥ hadf apabod rdekefesim whi ch dat a
is reprocgjced by the read head 11R _In general, cylinder addresses are
assignedo the di sk'A® ¥22¢ nchaarel f £0meRedodi&F CRAdPERELEZETE, 26/5

l'i nd to the | dius. Wen th It ' tion i ' f
Che innet radi fe BT RS GE | B THE BT oro 14 Dot RBRED| A FRE P Al hoad 11R

reads part of t cyl | r e r is "-1"_adjLa t he
head- posi ti oned t’r a%/kéxgagga%%ggt%%éi%e%yffégée?g%%dgoi %&s i g?eéggégg?ecor ded
toward the inn ' rs , VO WLt esd] ion is
given fromt heefgeuli%ﬂ{%%%?ﬁg@t/% t eé{i %Y]%‘?P‘r’ag?ﬂg,gh ﬁé%%%dd%gggg%lR reads

part of the cylfdeircaderofagn Io §Kagkcb8t heretdaradipcent to the
head- posi ti oned track. The GC decoder 25 of the read channel 20 is

t her ef oram easy to gerigs ailegibabréequal Dzdecodi ngcluepsoducang) a cylinder .
code. Even though the head
converter to perform a digital equalization process
for decoding an analog signal waveform output from the
LPF 22 into a data signal. The decoder 24 includes a
Viterbi decoder to decode (demodulate) the data signal
25 into user data of digital data and send the user data

to the HDC 30.

The analog signal waveform output from the LPF 22



20 11'is positioned in a track corresponding to the target cylinder code,
the conparator 303 of the HDC 30 determ nes that the target cylinder code
and the cylinder code (including part of the cylinder code of an adjacent
track) read by the read head 11 do not 25 coincide with each other. Thus,
the HDC 30 generates a wite fault to inhibit data frombeing witten to
the CPU 32 because a cylinder conparisen erer occurs. - 16 The CPU 32
perfornms a position error conputing operation and then an offset correcting
operation to add an offset value 330 stored in the nmenory 33 to the result
(position errorjs ofndlte €OMPUEENEL OPEESd PNardd (§E EPa4) intdhes &GREb 32
conputes a control operating value based on the position error to which the
of f set val ue i datdled Piel sends ddcddet his \EMIEriy es £ 1¢hé stepse SSdand S6)
The offset value 330, which is a correction value 10 corresponding to the
anount of shift23513nd sthsefB tdeachest2¢ he head 11 to be shifted in a
direction opposite to the servo wite direction 70, as showmn in FIG 7.
Wth the of fset corrBeei®g dperderond dheoteadaldodedadnhbad daRy shifts by
the amount SO of 15 shift fromthe original central line 60, and the anount
of shift beconmesi@rphlreerided gshefdipe Y| interocadecoddndatredfl y, the
read head 11R correctly reads cyllnder codes fromthe positioned track
wi t hout readlnjiéﬁyg A} miienebdesThe 0P t RRCOBShdF cePrVeFEE ke BFake an
error in reproduc Ilnde code due to the, HET f henonenon can be
r?%gX

prevent ed fnmn%% t?ﬁ? PYAPW 7t eSHIMAT tOF a2 a?h8E track by
th te head h t d_head 1 based 25 t [
rosul of the cCONRETSRBIoB0% B R FECOBR b o hC | P cBr ek 28 L8P nci dence
bet ween t he cylﬁgﬁg %pg@ @antggf¢9%9€£lcyéi%§gt godg c%n pPEFIG. 10

shows a relatio etween an o val ue ack i 56) and a

cyl i nder gode comparRg bEPsodLELBgYCS! EaE. ofBySchabathenshh barabtal ned
by neasuring a range of about 4000 cylinders 5 on the disk 10. Wen the

of fset val ue i sgdsat heoMUer s Ofver48E8d2P04As i Redl | a§0ARAr €8 B€8H0ES 1S
approximately 250. O these errors, the nunber of errors 200C in the -1
direction is abhdetoddd.bAsthidedetdset ¥4} uendOpéntosemsesarthefnunber of
errors 200C in the -1 direction decreases. If the offset val ue increases
too greatly, the semberpodcess onsc@9Brynfohehedddposctioningcasavidland

t hus the nunmber of errors 200Ais likely to increase. In the exanple of
FIG 10, 15 therefdrecribedl| letérom D0 obhes wabdat tlepBPEed® béstruck
pitch Tp) can be considered to be the optinum of fset val ue. As descri bed
above, dctordi @%cq%rpﬁﬂé%‘én?e%%%@ﬁ nghey aadefdabe éé@meébenaeéaer ati on
to add 20 an offset to.a 05|t|on error |n head positio

al l ows the nunﬁ@?a%?eﬁy¥$nﬂ%? d ﬁ%d%ﬁnbﬁrFHBO(FEBrBHﬁQEHG} &Y 6? eFo be
reduced to about one third. Considering only cylinder code conparing errors
inthe -1 dlrec?lgn in partlcular t he nunber 25 of errors can be reduced

to about one tenth. 'ﬁhéeﬁbge? Y’chEoﬁv‘é)étc's”ggfcl%?dﬁa‘&g”%r thE @5

occurs i s regl stered as sector 1 ncapa
data into parallel data and exchanges read/write data

20 and commands with a host system 2. The HDC 30 stores
data (read data) reproduced from the disk 10 and write
data transferred from the host system 2 temporarily in
a buffer RAM 31 to control data transfer between the
HDC 30 and the host system 2.

25 The CPU 32 performs head positioning control,
data read/write control and the like, which are

associated with the embodiment of the present



- 18 'recording data. A disk drive with defect sectors whose nunber exceeds
a prescribed nunber is treated as a defect. A disk drive that perforns a
head positioning 5 control operation using an offset value can reduce the
rate of occurrence of defects and thus inprove the manufacturing yields of
products. Mreover, a cylinder code conparing error can be prevented from
occurring and so can be a wite fault;-thus, a wite 10 operation can be
prevented from decreasing in performance. (HETS Phenonenon and Measurenent
of O fset Value) The HETS phenomenon according to the present enbodi nent
and a met hod ofirxeastidmg bn Didcedaved ueidd pooheamet storéheinenory 33 of
the disk drive 1 will be described with reference to FIGS. 8, 9 and 12. In
per pendi cul ar reaghetsic BERROMII (GRONNeR3 t heTlseé ngPE- ppl acaniteshead 11W
applies a magnetic field of recorded data whose polarity is opposite to the
20 magneti zat i dmfpiratign (B805)sbinabs anewgneeirvafdéy hesdrdedithonilugnece on
a disk, the recorded data changes in magnetization state, as shown in FIG
8. This is the ¥ PhetomENeraNdHr Erepethe i kastysyshen 2hehidete head 11W
25 applies a magnetic, field of recorded data whose polarity is the sane as
the magnetizat i H3tinq gohjh ofhe BPSk3®n which data has not yet been

- 19 recorded,, data ose_magneti zation (81N) corresponds to the shape of
the head 11Wi s %ﬁ%ﬁ%ﬁkﬁaWMen the wite head 11Wwites data whose

tizati | ari ' iite to_ that (8QS) 5 of i sk whi ch
Gata has not ot bech'? cbthel SHCSRRSeht "WRGREL e FFRPaSy6Hed r rom the
head b t i ' ' .ot [ , Wwth th
eoul L Lhat L he TRHET Fat | o (B3N of FEChr dbat Iat = RekPat Q0 “FRan the

head. 10 FICS. DA/ {QIB@rL1edef tens o 09,451 0PER LT QN @iy i EinggServo
burst data acconpéhied w th the HETS pheno%@%on by the 5w?fe %egd 11Win

tine serlices (theectdow indi £atasonmei9r des. obaw i £hBH) ofFLES. s8Btapd 9D
show recordi ng states of overwitten data having

110 is roughly divided into a servo area 120 and

a data area (data sector) 111 as shown in FIG. G5B.

The data area 111 is a recording area on which user

data 1s recorded.

15 Servo data is recorded on the servo area 120 to
position the head 11. AGC data 121, a servo mark (SM)
122, gray code data 123 and servo burst data (burst
data A to D) 124 are recorded on the servo area 120 as
shown in FIG. 5C.

20 The gray code data 123 includes a sector code
indicative of a position of the head 11 in the
rotating direction of the disk 10 and a cylinder code
(track address) indicative of a position of the head
11 in the radial direction. The gray code data 123

25 and burst data 124 are arranged to have a relationship

as shown in FIG. 6.

The CPU 32 controls a position of the head 11



15 the sane magnetization polarity (90S). A nethod of measuring an of fset
value will be described with reference to the flowhart of FIG 12. A step
of neasuring an offset value is included in the manufacturing process of
the disk drive 1. 20 The measurenent is carried out using a dedicated
i nspection device (a main conmponent of the conputer corresponding to the
host system 2}. First, the inspection deviite eauses the disk drive 1 to
seek the head 11 to a nmeasurenent cylinder on the disk 10 25 (step S11).
Then, the inspection device initializes an offset value and gives an offset
command to the stisk thavetHe (stebst$de 6bHaHA8%. when BOrstnahhg di sk drive
1, the CPU 32 perforns the above head positioning operation to nove the
head 11 by the 6fimplyvedfieriedrespassisutotthehotéspbfeonmangd. The
i nspection device gives a read command to read an 5 address (cylinder code)
of the neasur enésRre§i¢edeand othdeampbktdde vebta{sedpwsdn) bufhen, the
i nspection device conpares a preset target cylinder code of the nmeasurenent
cylinder with &4 iBdesimphe Feberpsditbe asagurst(Behdrhendfier) o6 the
drive 1 qﬂd repr oduced %g by the read channel 20. Wien the above cylinder
codes do hot cof TRY AEUGRY PESe otherSapete nRpeetion Beeibeadohsi@drs the
noncoi nci dence qi an erro The %Qgggction devi ce counts the nunber _of

PS rfor®

errors and stor tPRETht e 5 %%%b%?a?h'th%efﬁfé?ﬁﬁlnﬁﬁﬁﬁﬁ} (steps
S15 d S16). |jpst . i th i nd des, the i ti

devigg can loun@ftﬁ@gﬂﬁ%ﬁggq%?gééﬁﬁ%F§é§¥%%Q%§LEggcggen dgt;nfgefeggPded.

In thi , th 0 t t.20 | ind
bode and ihe. current TES| SEGL3P02aghe PR QUALE . FAMROESR BokIEaEhiRG, Shal n°"

other, the HDC K@ac@flihﬁsﬂﬁ%V§ dyissyes ywhtefaubl &@{;Qagatiﬁgnahlhe

i nspection device obtains the wite fault rnformation fromt rrve 1 to

measure 12 cyl | rHET 26) COMPRIASON BT €108 . g AL § e€odibaliath he2bNSPegt beRadevi ce
updat es a neasurenent of fset val ue and repeats the above operation within

the prescribed wifdet tlagePU 32 2darfséepotd 7a agde N par st €6n SEE) move
Perform ng the above nmeasurenent operation, the inspection device selects
an of fset val uethéatead nihi tesa ttergeimberack oysédden thepaylsedeerrors or
5 an optinum of fset val ue based on the counted error number stored in the

i nternal nenor Y& grBIged Theon ridpecs¢ove dévige stores the optinum of f set
value in the nenory 33 of the drive 1 (step S20). The inspection device
obtai ns an optinum offead Hosibioring ¢ertradi apetptdéenion of the disk

medi um 1Q (for each track) or for each recording zone on the disk nmedium
10. and Stores it it PEBNIRGCoREEP Hi ARCFBRECHRARSOAJEBEOEEI Ny

G sk modi um havi o SURAHER Srot raskeR et heTareREth et abSer “shi prent
the CPU 32 carrd&sofle RAM POBL I NG, CPAEL O 4 OPST AL oy uS) ng
Referring first to FIG. 1, when the host system 2
issues a write command, the CPU 32 positions the head
20 11 (write head 11W) in a target address on the disk 10
associated with the write command.
Upon receiving the write command from the host
system 2, the HDC 30 holds target address information
in a register included in the HDC 30. The CPU 32 can
25 gain access to the register to acquire the command and

target address information.

Usually, the target address information is sent



the of fset value 330 read out of the memory 33. It is thus possible to
prevent an error in conparison of 20 cylinder codes due to the HETS
phenonenon or an error in reproduction of cylinder codes from occurring.
(Anot her Enmbodinent) FIG 13 is a block diagramof the main part of an HDC
according to a second enbodi nent of the present 25 invention. The HDC
conprises a decoder 250, a subtractor 30412nd-an OR gate 305 as well as the
GC regi ster 301, - 22 target CL register 302 and conparator 303. A gray
code 130CGC is output fromthe GC decoder 25 of the read channel 20 and set

in the GC regi sfwsm 3He Hbet degotlati 250h degodesrimde @ghaye Sccregnd 30GC to
the original cylinder code 130CL. The cylinder code 130CL is input to one
term nal of the suptiraidorcSdd. (Taegey| tnadek sodeecdSPCLHI sndbheatysr ent
cylinder code indicating an address of a track in which the head 11 is
currently positd dreald QU@ tdied 03 hdendbesl, a as¢atget noybender ToedBDA31CL i s
set in the target CL register 302 by the host system 2. The subtractor 304
subtracts the tHt deds oI fedestendetander Ghdreylsheel 30defa80Bbldinm each
ot her ang}outputs a subtraction result to the 15 congarator 303. The
conpar at of 303 TOrEYs THELRUDE reREF ofiPRsLed frem BheekresbnsestaRue (0 or

1)). Wen th [ It is "0," [ | 132 ist | ogic | I
105 17) whon (e o e redue 1o+ 12 B 9800 3LeSihadtie (Togic

| l is "1"). |f fot i ls 132 d.133 is,t | ogi c .| i

" i'\'/)e, It?le CR) gat e 3%0 = ‘g%rbpfyi’ecegfgﬁas 358% tar }é?aﬁé\‘lﬁleigﬁg iw‘gt?le?\s{et r qu
| i | I I Vi t I 134 U 25

et or i nes t hat=ofs we e AT ahiR e {aeSa8h®s ifte 1006 T BRe ahgeo

performs a wite,operpti®n UshOG-$Nendkit & head _1&V\éurré%é3%i§§gh0”1 when

the result of subtraction between the target cylinder co ) and the

current 1ayl i ndefddastes (h306hdch Stnd " h@id " 11" ist hss H o Hey er nbnesybhat the
cylinder addresses coincide with 5 each other and supplies a wite enable

signal 134 to t3ke LA I2ad hy o her BOQater 3RS1dThe eraf bausat §90a0f the
HDC according to the second enbodi nent allows a cylinder address conparison
(A to D) output from the SB decoder 26.
Furthermore, the HDC 30 has a comparator 303 for
comparing the target cylinder code set in the target
15 CL register 302 and the current cylinder code set in
the GC register 301. The CPU 32 determines a moving
direction in which the head 11 moves to a térget track
(target cylinder) and a target speed at which the head
11 moves thereto to perform a seek operation.
20 The CPU 32 repeats the above process for each
servo area 120 to compute a control operating wvalue
(digital value) based on the moving direction and
target speed and send the value to a VCM driver 14.
The VCM driver 14 supplies a VCM (actuator) 13 with
25 a driving current corresponding to the control
operating value. This seek operation allows the

head 11 (write head 11W) to move to a target track.



error due to the HETS phenonenon to be prevented from 10 occurring in the
follow ng case. A cylinder address error due to the HETS phenonenon occurs
in association with a servo wite direction in which servo data is recorded
on the disk 10 (see FIG 7). In other words, when servo data is 15 witten
fromthe inner radius toward the outer radius of the disk 10, a read error
occurs in the cylinder codes of the outerlBadtus of the disk 10. Usually,
cylinder addresses are assigned to the disk 10 to increase fromthe outer
radius (e.g., 0 20 cylinder) to the inner radius. Wen the servo wite
direction is given fWoenttieei hoed tadraschest breotbegetadirusk, athead error
in cylinder address occurs in the "-1" direction. Conversely, when the
servo wite di rdiidh ¢entgrokh therpehetbon eofrabeusecafl theuding 25 to the
inner radius thereof, a read error in cylinder address occurs in the "+1"
direction. Mrewpeeidatal [fraghiong teentaeyet cyhi Bdés podétion 24 js "3,
a cylinder code read by the actually positioned head 11 may correspond to
its external, r e el Todeeads ampapphitedel (dbglsabt vadupon

adj
bet ween the target cylinder, cade "3" and the current cylinder_code "2" is
"1," the *HDC dé%grerﬁ%ésofh%}?e &h‘ér%wiphd%‘?ga%dg’é%@egh%olf%?a@ew #R0e@én

other. In Otheqﬂwoﬁﬁiidgyﬁgﬂyc deternineg that the head 11 is positioned in

the target cylinder co arid ehabl 8t tHePRRAET 1 E6F M ite data. 10
odi o . ; . it easioatd
Second onbodi MBS R A R R [ PR o e

modi 11 cati on | neluslesea {15645 COMAALSE 3P6-R0U,E.3e50Ng; LATPALALAL 309

15 The first conparator 306 conpares a current cylinder co coded

by the decoder &S0 randeéntpdneticy|bndere cOdRgdBlELasRt (bR LBSolarget CL
regi ster 302) The second conparator 309 conpares a current cylinder code

130CL and a cylvaides epde dBFrobércdesebyedf BUBsEacAi 484" BL" tbhrom a target
cylinder code 131CL by the subtractor 307. The cylinder code 136 is output
fromthe subtrasirorr@07tlandodel iom ¢éhethieghsti@rs368 Bksat snbtraction
result. Wien the cylinder codes conpared by the first 25 conparator 306 or
t he second conrrstbror309r vy Nedslea wahueaeh 0 her, Thhe ORsyhien305
determ nes t hat the(ggljnder addresses coincide and outputs a signal 134
- 25 (wite erlierat gigdudestairreeems (foyi stakveizing" thy conthelCPU
32.
system.
15 The CPU 32 determines whether the cylinder code
in which the write head 11W is currently located
and the target cylinder code coincide with each other
when the write head 11W positioned in the target
track writes data sent from the host system 2.
20 This comparison is carried out by the comparator 303
of the HDC 30, as described above.
When the comparison results coincide with
each other, the HDC 30 supplies the CPU 32 with
an output signal indicative of write enable from the
25 comparator 303. The CPU 32 therefore writes data by
the write head 11W of the head 11 positioned within

the target track.



The first conparator 306 outputs a signal 135 that is true (logic level is
"1") when the current 5 cylinder code 130CL and target cylinder code 131CL
coincide with each other. The second conparator 309 outputs a signal 137
that is true (logic level is "1") when the current cylinder code 130CL and
cylinder code 136 coincide with each other. 10 In the nodification, too,
when a conparison result between the targed cylinder code 131CL and the
current cylinder code 130CL is "0" or "1," the OR gate 305 determ nes that
the cylinder addresses coincide with each other and outputs a wite enable
signal 134 15 to therPU 82shdwis tire S@eONIreabodim@nétane of Sseapdbfi cation
it is possible to determne that the current cylinder code is not a read
error but whethimtdt IBIGNE odhdvE amdeXdadpvé tdf refreanoding diatsd abhta (A
to D). 20 In other words, when a result of position error conputation using
shifted burst derv datth Béeprdrd arhetlie 1gemvo "axn¢a c)2 0 mierthoddislead out
by the positioned head 11 is determned as a target cylinder code. 25 As
described in detGily gl (prRERRRbgidh 30| RaItRigHe t FRCOEEN Y ng di sk drive
according to each of_the enbodi nents perforns a head positioning control

- 26 operation tharA$ss%@W%c%?v%I%ga?ns¥n@%% Hesr st phenemeront t BRgr event

manuf acturing yiel ds of cts fromdeteriorating, and al so event
products in us 99?%9%ﬁﬁiﬁéﬁgnﬁf??PTﬁQQQwrﬁﬂ%e?y - %ﬁﬁt?%’%]lg%vantages and

the i nventfon 11 VARRE ol A€ St 257 85 s el by oot oo B et ai 1
and represent at% ;/{iafmlgem%dﬁpo%ﬁe&%@?%%ﬁfc#e%ggi@géﬁ ny ’ﬁ% di ngly,

various 10 nodi Ions nay be ma artin romthe spirit or

scope of the geper@l diVentiye TONELPL @Se defiPrdhbyndde, appended clains
and their equival ents. - 27 WHAT IS CLAIMED I'S: 1. Adisk drive

conpri sig: a hﬁ%’oﬂﬂ@&hixﬁe&%@ﬁ‘éi&l@rmuﬁl@és@%ﬁt@ndif@@iafﬂéxﬁktmgéum on
whi ch servo data is recorded by 5 perpendi cul ar nagnetic recording; a
menory whi ch stof esn aadpddeet wvpvddele.to correct an of fset due to a hard easy
transition shift (NETS) phenonenon when the servo data is perpendicularly
magneti cal ly recordefheapdrd® datantfél ier rahociegosnt soas &hwaheed in a
target position on the disk nmediumusing the servo data and the offset

val ue when the thata hits cebred bRrsThe of sk areveoupted dbvigthe widim 1,
wherein the servo data includes a cylinder code to identify 15 tracks
forned on the (FRRCPERPRGIRAILQeERD DSt ¥Beant oS@etecthd PoSiRibH of the
head within the tracks, and %he control Ler perforns a seek operation to

move théhead tf tTRe 1eF et hositf ofl bated bR2the (8§Fi HURIPRBEEORNd uses

the of fset val ue, when the head i itioned in the.t t it
based on the SerVe BT ST GACASTS. TALY o &k BPFYet GECONHAGOLOCHl aFm 1.

S oms iy Ep 1Bl T-BEELUBICR LD R oL pasiiins o
that the amplitudes of the bursts A and B become the
same (position error is 0), it is shifted by S1 (S0/2)

20 from the central line 60.

The cylinder code 123 is shifted by amount SO and
recorded as described above. If, therefore, the read
head 11R is positioned to eliminate a position error
(burst A - burst B = 0), it reads part (corresponding

25 to an amount S1 of shift) of the cylinder code of the

adjacent track that is servo-written afterward.

However, the amount of data read from the adjacent



4. The disk drive according to claim1, wherein the offset value is set
based on a result obtained by - 28 neasuring an offset caused in a
direction opposite to a servo wite direction when the servo data is
recorded on the disk medium 5. The disk drive according to claim1,
wherein 5 the servo data includes a cylinder code to identify tracks fornmed
on the di sk nedium and servo burst data t®5detect a position of the head
within the tracks, and the controller perforns a seek operation to nove the
head to the target position based on the cylinder 10 code and then a
position error toaputdepandsisupgnt tice seidbhbofsthdataatk dddmt WRiohf set
value to a result of the position error conputation and position the head
in the target pdataibs.reprafecedskydtheeragzdondadgliB.claim 1, wherein 15
the servo data includes a cylinder code to identify tracks formed on the
di sk medi um and servéRbteBerdt acvbindescaddrpesesi ameop sshengdadowni t hin
the tracks, and the disk drive further conprises a unit which conpares the
cyl i nder code rled® ByS¥nk0 hkadinpaeaseofrargeheconfageraddde ¢6rPespbndi ng
to the tgrget posjtion after_the,controll er posjtions the head in the

t ar get pgiiticwﬁy#%ng?ﬁis?odeﬁelﬁBﬁﬁrF§?ﬁ5§°a el WhpcRervo write
records/reproduges data on/froma 25 di sk nedium on which_servo .data

i ncl udi ng cyliﬁ§e$e%€ﬂ%%5ﬁdg§%?§ogﬁﬁ?s€h8afﬁn?§ 53?585d95u?§?|91 k
nagnetlcalIy_rgg@rgﬁg,%uterZ adi spgﬁé£é$9'n?hgnkga§0h Q !E%Rnr%gﬁshead In
a target position on the disk nediufny a TIfst regrster i Ch séts a target
cylinder code t©,geshgngte &ﬁﬁﬁﬁééﬁeéoﬁésbk!gnt cf §§ggnqsreguster whi ch

2
sets a cylinder code read by the head p05|t|one5 In the target position; a

deternination updiacdhehcdeteenhagg-pbst bebnbhertaraebeeylisaderecode and
t he cylinder code coincide with each other, including one of "+1" and "-1"

10 cylirnder codegl tieder ntoed basedioted #nit ecdbraeti eBwakdt RBeseéhverdat a;
and a data wite unit which wites data in the target position by the head
when the targetragiusder code and the cylinder code coincide with each
other. 15 8. The disk drive according to claim7, wherein the determ nation
unit outputs s witeCenubreesiygnahen the servo write direction is
given from the outer radius to the inner radius, the
read head 11R reads part of the cylinder code of a
15 track that is "+1" adjacent to the head-positioned
track.
The GC decoder 25 of the read channel 20 is
therefore easy to generate an error in decoding
(reproducing) a cylinder code. Even though the head
20 11 is positioned in a track corresponding to the
target cylinder code, the comparator 303 of the HDC 30
determines that the target cylinder code and the
cylinder code (including part of the cylinder code of
an adjacent track) read by the read head 11 do not
25 coincide with each other. Thus, the HDC 30 generates

a write fault to inhibit data from being written to

the CPU 32 because a cylinder comparison error occurs.



when the target cylinder code and the cylinder code coincide with each
other. 9. The disk drive according to claim7, wherein 20 the cylinder
codes are assigned to the disk mediumto increase in cylinder nunber from
an outer radius to an inner radius, and a coincidence between the target
cylinder code and the cylinder code includes a "-1" cylinder code when a
wite direction of the servo data 25 is gigen-fromthe inner radius to the
outer radius and a "+1" cylinder code when the wite direction is given
fromthe outer radius to the inner radius. - 30 10. A head positioning

control nethod that Tise appli &2 por fopes pengdbsut asnnagasti eongGeidyNg di sk
drive having a disk nediumon which servo data including cylinder codes and

servo burst dateprersatsiqergpehditoen an yo ibgmtet ¢catéyt 1 egospedat fohedd whi ch
records/reproduces data, and a nmenory which stores an offset value to
correct an of f sedd care a%fsetharalue ad30 tsoorehi fn (INETSmehenddebonthben t he
servo data is perpendicularly magnetically recorded, the nethod 10
conprising: red@fiyt heraerionwrrroratal byhe heoheadinpveperat sorar get
position;_ performng a position error conputation using the servo burst
data and 215 posiTiFhiTh t hel MedFT m1 TRt PoZPRFBHAL byPasatHadt he

offset value to a result of th ositjon error conputation, 11. The nethod
according to cl'&t %.,a??én?Rnéhé;Hﬁ?%ﬁ+ﬁfmﬁﬁﬁﬁﬁiH% whighi HaercEbeetread by

t he head 20 anc{zaal&earl eit%(%%l i In%lecg hsggéi% Sjgt_[rtg%g_ n‘(?jlﬁ&"fa ]Fh?%ét rget position

after the head 1S posi o] t hod

according to clal , conprising: 25 determ ning whether a
cyl i nder code rgéat{je%ag Sti]gi @egstrjma'nd a target cylinder code corresponding to

the target position £0knckegM {1 gaCch30t NeEi chNeLuUgdi B9 rrection value

10 corresponding to the amount of shift S1, is used to
adjust the head 11 to be shifted in a direction
opposite to the servo write direction 70, as shown in
FIG. 7. With the offset correcting operation, the
head 11 (read head 11R) shifts by the amount SO0 of

15 shift from the original central line 60, and the
amount of shift becomes equal to that (S0) of the
cylinder code. Consequently, the read head 11R
correctly reads cylinder codes from the positioned
track without reading any cylinder codes from the

20 adjacent track.

Since an error in reproducing a cylinder code due
to the HETS phenomenon can be prevented from
occurring, the CPU 32 can write data to a target track
by the write head 11W of the positioned head 11 based

25 on the comparison result of the comparator 303 of the
HDC 30, which indicates a coincidence between the

cylinder code and the target cylinder code.



-"3.1 one of "+1" and "-1" cylinder codes determ ned based on a wite
direction of the servo data after the head is positioned in the target
positions and witing data in the target position by the head 5 when the
target cylinder code and the cylinder code coincide with each other.
. A9S. A9. A& . AL. A9. A&L. A9. A9. A&9. A&. A9. A9. A. A& A& AL. AL. AL. A& A9. AL. AL. A&9. A
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embodiment, an offset correcting operation to add
20 an offset value to a position error in head
positioning mode allows the number of cylinder code
comparing (réproducing) errors to be reduced to about
one third. Considering only cylinder code comparing
errors in the -1 direction in particular, the number
25 of errors can be reduced to about one tenth.
A sector in which a cylinder code comparing error

occurs is registered as a defect sector incapable of



#} A<CAY 8210! 0" 10%HHE' () - G

L q10%4& () -1 9% 1094 & ()-T! 1 9% 10%4HE () - TI Y" 10%4& ()-!1Y"10%H& ()-Z [ \ ] c
GUSL! 9t 109 " & ()-f!s6 10%"& ()-}$ Lb10% & ()- 10% & ()- 10HH 10HH

10HH! 0" 10%4H&' () -G GyM A<uS1! 9 &/ 109%&’ ()-}$

| 94.0% & ()-9" 10%& ()-g! 9" 10% " & ()-g! 9" 10%' () - g9nt 10%& () - f Ar S2!

x9! 10%x&" () -yL10%4& ()- 10"" 10"" 10"219181096"& ()-'19. 10%"& ()-' &V
109&&" () -} N[ 9r S2! X! y#s! 10%4H& () - G

|- 10948 ()- 11109648 () - 10948 () - ! x9! 10%x& () -! n9! 10%HNHS: () - M VAPB4!
10HH 10HH 10HH're BLOMHE dat . 1004 £t - W Dvd 0¥ da£dct sectors

C109H& () - y#s! 1094 () -G \VvA<PB4! 10! YglOo%rY& ()-!109& ()-"!109%H& ()-°
@o% & ()- &LOMdS d )Inydd i ddedd/dERBe scadbéd " AQMEE ()s! 4084Ked) as
g10%4& ()- " 109%H& ()-109%4& () - 109%1& () - VadEPB4! 10! . MLO%H& () -,
10948 () - *10%1& (Jef9lO%H& () -9' 109& () -

A disk drive that performs a head positioning

5 control operation using an offset value can reduce
the rate of occurrence of defects and thus improve
the manufacturing yields of products. Moreover,

a cylinder code comparing error can be prevented from

occurring and so can be a write fault; thus, a write
10 operation can be prevented from decreasing in

performance.

(HETS Phenomenon and Measurement of Offset Value)

The HETS phenomenon according to the present
embodiment and a method of measuring an offset value

15 to be set to the memory‘33 of the disk drive 1 will be
described with reference to FIGS. 8, 9 and 12.

In perpendicular magnetic recording, when the
single-pole write head 11W applies a magnetic field of
recorded data whose polarity is opposite to the

20 magnetization polarity (803) of data magnetically
recorded in advance on a disk, the recorded data
changes in magnetization state, as shown in FIG. 8.
This is the HETS phenomenon.

More specifically, when the write head 11W

25 applies a magnetic field of recorded data whose

polarity is the same as the magnetization polarity

(BON) of a disk on which data has not yet been
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recorded, data whose magnetization (81N) corresponds
to the shape of the head 11W is recorded.

When the write head 11W writes data whose

magnetization polarity (81N) is opposite to that (80S)

of a disk on which data has not yet been recorded,

an apparent magnetic field viewed from the head
becomes strong and a magnetization displacement point
shifts, with the result that the magnetization (82N)

of recorded data is larger than the head.

FIGS. 9A to 9E are charts showing an operation of

writing servo burst data accompanied with the HETS
phenomenon. by the write head 11W in time series (the
arrow indicates the order of writing). FIGS. 9B and
9D show recording states of overwritten data having
the same magnetization polarity (90S).

A method of measuring an offset value will be
described with reference to the flowchart of FIG. 12.

A step of measuring an offset value is included
in the manufacturing process of the disk drive 1.
The measurement is carried out using a dedicated
inspection device (a main component of the computer
corresponding to the host system 2). First, the
inspection device causes the disk drive 1 to seek
the head 11 to a measurement cylihder on the disk 10
(step S11). Then, the inspection device initializes
an offset value and gives an offset command to the

disk drive 1 (steps S12 and S13).

3
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by the offset value in response to the offset command.
fhe inspedtion device gives a read command to read an
address (cylinder code) of the measurement cylinder to
the disk drive 1 (step S14). Then, the inspection
device compares a preset target cylinder code of the
measurement cylinder with a cylinder code read by the
head 11 (read head 11R) of the drive 1 and reproduced
by the read channel 20.

When the above cylinder codes do not coincide
with each other, the inspection device considers the
noncoincidence as an error. The inspection device
counts the number of errors and stores the counted
error number in the internal memory (steps S15
and S16). instead of comparing the cylinder codes,
the inspection device can count the number of write
faults caused when data is recorded. 1In this case,
the comparator 303 of hardware compares a targeﬁ
cylinder code and the current cylinder code.

When they do not coincide with each other, the HDC 30

of the drive 1 issues write fault information.

- The inspection device obtains the write fault

information from the drive 1 to measure a cylinder
comparison error. After that, the inspection device
updates a measurement offset value and repeats the

above operation within the prescribed offset range
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Performing thevabove measurement operation,
the inspection device selects an offset value that
minimizes the number of cylinder comparison errors or

5 an optimum offset value based on the counted error
number stored in the internal memory (step S19).
The inspection device stores the optimum offset value
in the memory 33 of the drive 1 (step S20).

The inspection device obtains an optimum offset

10 value in the radial direction of the disk medium 10
(for each track) or for each recording zone on the
disk medium 10 and stores it in the memory 33. The
recording zone means a recording range correspohding
to each of inner, middle and outer radiuses of the

15 disk medium having a number of tracks.

In the disk drive 1 after shipment, the CPU 32
carries out a head positioning control operation using
the offset value 330 read out of the memory 33. It is
thus possible to prevent an error in comparison of

20 cylinder codes due to the HETS phenomenon or an error
in reproduction of cylinder codes from occurring.
(Another Embodiment)

FIG. 13 is a block diagram of the main part of
an HDC according to a second embodiment of the present

25 invention.

The HDC comprises a decoder 250, a subtractor 304

and an OR gate 305 as well as the GC register 301,
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A gray code 130GC is output from the GC
decoder 25 of the read channel 20 and set in the GC
register 301. The decoder 250 decodes the gray

5 code 130GC to the original cylinder code 130CL.
The cylinder code 130CL is input to one terminal of
the subtractor 304. The cylinder code 130CL is the
current cylinder code indicating an address of a track
in which the head 11 is currently positioned.

10 On the other hand, a target cylinder code 131CL
is set in the target CL register 302 by the host
system 2. The subtractor 304 subtracts the target
cylinder code 131CL and cylinder code 130CL from each
other and outputs a subtraction result to the |

15 Comparator 303.

The comparator 303 compares the subtraction
result with a reference value (0 or 1)). When the
comparison result is "0," a signal 132 is true (logic
level is "1"). When the comparison result is "1,"

20 a signal 133 is true (logic level is "1"). If one of
the signals 132 and 133 is true (logic level is "1"),
the OR gate 305 supplies the CPU 32 with a signal 134
that is true (logic level is "1").

Upon receiving the signal 134, the CPU 32

25 determines that data is enabled to be written fo

a target track and performs a write operation using

the write head 11Ww.
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determines that the cylinder addresses coincide with
5 each other and supplies a write enable signal 134 to
the CPU 32 through the OR gate 305.

The configuration of the HDC according to the
second embodiment allows a cylinder address comparison
error due to the HETS phenomenon to be prevented from

10 occurring in the following case.

A cylinder address error due to the HETS
phenomenon occurs in association with a servo write
direction in which servo data is recorded on the disk
10 (see FIG. 7). Iﬁ other words, when servo data is

15 written from the inner radius toward the outer radius
of the disk 10, a read error occurs in the cylinder
codes of the outer radius of the disk 10.
Usually, cylinder addresses are assigned to the
disk 10 to increase from the outer radius (e.g., O
20 cylinder) to the inner radius. When the servo write
direction is given from the inner radius to the outer
radius, a read error in cylinder address occurs in the
"-1" direction. Conversely, when the servo write
direction is given from the outer radius of the disk
25 to the inner radius thereof, a read error in cylinder

address occurs in the "+1" direction.

More specifically, when the target cylinder code
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positioned head 11 may correspond to its external,
adjacent cylinder code "2". When a result of
subtraction between the target cylinder code "3" and
5 the current cylinder code "2" is "1," the HDC
determines that the cylinder addresses coincide with
each other. In other words, the HDC determines that
the head 11 is positioned in the target cylinder code
"3" and enables the head 11 to write data.
10 (Modification)
FIG. 14 is a block diagram showing a modification
to the second embodiment of the present invention.
An HDC according to the modification includes
a first comparator 306 and a second comparator 309.
15 The first comparator 306 compares a current cylinder
code 130CL decoded by the decoder 250 and a target
cylinder code 131CL set in the target CL register 302,
The second comparator 309 compares a current cylinder
code 130CL and a cylinder code 136 obtained by
20 subtracting "-1" from a target cylinder code 131CL by
the subtractor 307. The cylinder code 136 is output
from the subtractor 307 and held in the register 308
as a subtraction result.
When the cylinder codes compared by the first
25 comparator 306 or the second comparator 309 coincide

with each other, the OR gate 305 determines that the

cylinder addresses coincide and outputs a signal 134
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: The first comparator 306 outputs a signal 135
that is true (logic level is "1") when the current
5 cylinder code 130CL and target cylinder code 131CL
coincide with each other. The second comparator 309
outputs a signal 137 that is true (logic level is "1")
when the current cylinder code 130CL and cylinder code
136 coincide with each other.
10 In the modification, too, when a comparison
result between the target cylinder code 131CL and the
current cylinder code 130CL is "O" or "1," the OR gate
305 determines that the cylinder addresses coincide
with each other and outputs a write enable signal 134
15 to the CPU 32.
In the second embodiment and its modification, it
is possible to determine that the current cylinder
code is not a read error but whether it is one of "O"
and "1" with reference to burst data (A to D).
20 In other words, when a result of position error
computation using shifted burst data A and B is "0,"
the "-1" or "+1" cylinder code read out by the
positioned head 11 is determined as a target cylinder
code.
25 As described in detail above, the perpendicular

magnetic recording disk drive according to each of the

embodiments performs a head positioning control
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phenomenon to prevent manufacturing yields of products
from deteriorating and also prevent products in use
from decreasing in performance.
5 ' 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
10 modifications may be made without departing from the

spirit or scope of the general inventive concept as

i defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A disk drive comprising:

a head which records/reproduces data on/from a
disk medium on which servo data is recorded by

5 perpendicular magnetic recording;

a memory which stores an offset value to correct
an offset due to a hard easy transition shift (HETS)
phenomenon when the servo data is perpendicularly
magnetically recorded; and

10 a controller which positions the head in a target
position on the disk medium using the servo data and
the offset value when the data is recorded.

2. The disk drive according to claim 1, wherein
the servo data includes a cylinder code to identify

15 tracks formed on the disk medium and servo burst data
to detect a position of the head within the tracks,
and the controller performs a seek operation to move
the head to the target position based on the cylinder
code and uses the offset value when the head is

20 positioned in the target position based on the servo
burst data.

3. The disk drive according to claim 1, wherein
the offset value is set in accordance with each of
positions or recording zones in a radial direction of

25 the disk medium.

4. The disk drive according to claim 1, wherein

the offset value is set based on a result obtained by
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recorded on the disk medium.
5. The disk drive according to claim 1, wherein
5 the servo data includes a cylinder code to identify
tracks formed on the disk medium and servo burst data
to detect a position of the head within the tracks,
and the controller performs a seek operation to move
the head to the target position based on the cylinder
10 code and then a position error computation using the
servo burst data to add the offset value to a result
of the position error computation and position the
head in the target position.
6. The disk drive according to claim 1, wherein
15 the servo data includes a cylinder code to identify
tracks formed on the disk medium and servo burst data
to detect a position of the head within the tracks,
and the disk drive further comprises a unit which
compares the cylinder code read by the head and a
20 target cylinder code corresponding to the target
position after the controller positions the head in
the target position.
7. A disk drive comprising:
a head which records/reproduces data on/from a
25 disk medium on which servo data including cylinder

codes and servo burst data is perpendicularly

magnetically recorded;
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a positioning unit to position the head in a
target position on the disk medium;

a first register which sets a target cylinder
code to designate the target position;

5 a second register which sets a cylinder code read
by the head positioned in the target position;

a determination unit which determines whether the
target cylinder code and the cylinder code coincide
with each other, including one of "+1" and "-1"

10 cylinder codes determined based on a write direction
of the servo data; ahd

a data write unit which writes data in the target
position by the head when the target cylinder code and
the cylinder code coincide with each other.

15 8. The disk drive according to claim 7, wherein
the determination unit outputs s write enable signal
when the target cylinder code and the cylinder code
coincide with each other.

9. The disk drive according to claim 7, wherein

20 the cylinder codes are assigned to the disk medium to
increase in cylinder number from an outer radius to an
inner radius, and a coilncidence between the target
cylinder code and the cylinder code includes a "-1"
cylinder code when a write direction of the servo data

25 is given from the inner radius to the outer radius and

a "+1" cylinder code when the write direction is given

from the outer radius to the inner radius.
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10. A head positioning control method that is
applied to a perpendicular magnetic recording disk
drive having a disk medium on which servo data
inciuding cylinder codes and servo burst data is
5 - perpendicularly magnetically recorded, a head which
records/reproduces data) and a memory which stores an
offset value to correct an offset due to a hard
transition shift (HETS) phenomenon when the servo data
is perpendicularly magnetically recorded, the method
10 comprising:
reading the servo burst data by the head moved to
a target position;
performing a position error computation using the
servo burst data; and
15 positioning the head in the target position by
adding the offset value to a result of the position
error computation.
11. The method according to claim 10, further
comprising comparing a cylinder code read by the head
20 and a target cylinder code corresponding to the target
position after the head is positioned in the target
position.
12. The method according to claim 10, further
comprising:
25 determining whether a cylinder code read by the

head and a target cylinder code corresponding to the

target position coincide with each other, including
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on a write direcfion of the servo data after the head
is positioned in the target position; and
writing data in the target position by the head
5 when the target cylinder code and the cylinder code

coincide with each other.



