';e3é\x\|rrs<u“u~m6mﬂxZiP TI TLE OF THE | NVENTI ON DATA CHANNEL FOR PROCESSI NG
USER DATA AND SERVO DATA I N A DI SK DRI VE ADCPTI NG PERPENDI CULAR MAGNETI C
RECORDI NG SYSTEM 5 BACKGROUND OF THE | NVENTI ON The present invention

rel ates I a magnetic disk drive, and particularly to a disk
drive adamwmmwmmmmWWendicular magneti c recording system In recent years
per pendi cul'ar_nmagnetic recording 10 has been noticed as a technique to
overcone the TP ts of recordi ng densifty df I"ongi t udi nal nagnetic recording
inthe field of nmagnetic disk drives represented by hard disk drives. In
per pendi cul ar magnetic recording, when digital 15 data (0/1) is recorded on
a di sk medium a magnetizi ng arBRT¥E @by IBVENREONata in a direction

per pendi cul ar idepth to the disk nedium A read signal read by a read head
fromthe disk 1PurHHFEEVEL (RQR HRPFETYS 1 ] D5 RATA ANR (FERVD BABRging its

20 anplitude at__the nmagnetizing direction changin oi nt _and_adapting to
the changed madhed ZTRK FHE ARCPENG HEFRPRUCHNLAR SBGHTTES adopt a

magneti ¢ head in ich the read head and wite head are separately nounted

on a slider. Tﬁ@d%hQiﬁqKéiffhyLsyally 25 a single-pole type head suitable

(G ant Ngnet or si St ive) el cABRECBLUNDL S, T8 JAVERTHRP! ¥ SR L Pt

I n perpendicul ar na i dj r Lgn Y.t he read head
Side? ;g%é&é?{ | Nent N'én f?fa\?ég ?&ﬁ?&‘ﬁ?ngéog

fromthe disk nmediumis anged Tn rts anp ude a e po changing 5

Lhe di sk magnetizing o ety ol ARl ARSLE L eci it £hanged RGRCLEH

direction, and resultant has a rectangul ar waveform This waveformis

usual Iy equi val®iptihd hatp i aidesu yr ind Qosed ¢ nﬁeé@ﬁc(ij.f!\@{eé sfeRf a read
a I S r

signal 10 in |ongitudinal magnetic recording. Thus, ive adopting a
per pendi cul ar magnetir recaitli yegasystperpesdscal dr fhegratioat ragoedingit to
convert a read signal fromthe read head into a signal with a

di f f er en®i at ed hesy éfemmmriot ided Agral t erlutkgse N ldvercome t the bimerst o
decode (reproduce) recorded data fromread signals. This signal processing
circuit is cal lofd rectmtdinhatersity of reerigikudinazhanaghetdnd it usually
enmpl oys the PRML (Partial Response Maxinmum Li kel ihood) signal processing
net hod. 20 I n $tesardimg iy ddie chleld o hmagnretic qiiske drives

represented by hard disk drives.
In perpendicular magnetic recording, when digital
15 data (0/1) is recorded on a disk medium, a magnetizing
area is formed for the data in a direction
perpendicular (depth) to the disk medium. A read
signal read by a read head from the disk medium has
a rectangular waveform as a result of changing its
20 amplitude at the magnetizing direction changing point
and adapting to the changed magnetizing direction.
Further, recent disk drives adopt a magnetic head
in which the read head and write head are separately
mounted on a slider. The write head is usually
25 a single-pole type head suitable for perpendicular
magnetic recording. The read head usually employs

a GMR (Giant Magnetoresistive) element or a spin valve

AT AR
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adopting a perpendi cul ar magnetic recording system a data channel used in
a conventional |ongitudinal magnetic recordi ng nethod can be reused by
converting a rectangul ar waveformread signal into 25 a differentiated
wavef orm signal. However, if a read signal fromthe read head is
differentiated and equalized in a differentiating - 3 circuit, noise
(system noi se) contained in the read signa% is enphasized inits

hi gh-frequency conponent. This nmakes it  difficult to ensure a satisfactory
signal-to-noise ratio for a drive systemparticularly 5 with w de-range
read signals (user data signals). In other words, this increases the error
rate when reprobYee MRretereel-data fromread signals. There is a nmethod of
directly processing a rectangul ar waveformread signal in a perpendicul ar
10 nmagnetic recordi ngRsPSFRANALEHSAE BGARELLCnd SCOTCANG a ter 826t i at ed

f [ .. This i ' I [ based itive,

Cobt 1 ci ent PR §PARET oF SPACBENERS ERAG ReaR GAORC oPFoSRBNUPRG 1B BR cl ass 1
2), which i | i cabl e, di cul etic 15 di t
Fovover a1 octSGNTaS  BvbFor AMPARCEP il CBGnEAFAE RTDEMEOURBRENt, i ch
.. 2 rectSHEHTEr Hhvi et 2"0E"eBpHer
ol tude wnen ORS S bhansvaCE sl E4CPRERLRRC, SHECURpERC BRVRR 4 i g

| ow f requency CuLi = 'S I~ b o] i.gnal read
from a oi Sk ooty Re P EoE ek e Rt bl arHve S ans e biYe ot o
signals recordegd }8-Ra88hY8Qrah8FerbPmaddition to user data signals. The

di sk drive incorporates 25 a servo system which controls the position of

the magnetic head onthhe dhekraed W@ ageandiyneqtavehenseryo téata reproduced
by the data channel. This servo _ q _ systemdetects the head position

dependi ng on t hebtaphediude bhtéyeaséngothegrakefann biieaf keatuatignali n t he
anplitude of the servo signal nust be suppressed. BRI EF SUMVARY OF THE

| N\VENTI O 5 An bbj bengbtudiheapresgnetinveactosding.t oTpunsevi dedasdi sk drive
of a perpendicul ar magnetic recordi ng system which executes signal
processi ng sui t@dive adeprthagaet eerpendicofasi nrgpesécvsegardisggnal s of
user data signals when reproducing data. 10 An aspect of the present

i nvention rel at 2¥SEeManerie ﬂa@éfgﬁéﬁﬁéFaFéngFéEégéFnS°u§8PV8§Faasignals

and servo data 3l 903y 8.0 01 2 foR LAt ¥8a3"RBL Ino a signal witn

a differentiated waveform in its signal processing

15 circuit in order to decode (reproduce) recorded data
from read signals. This signal processing circuit is
called a data channel or a read/write channel, and it
usually employs the PRML (Partial Response Maximum
Likelihood) signal processing method.

20 In short, for practical use of a disk drive
adopting a perpendicular magnetic recording system,
a data channel used in a conventional longitudinal
magnetic recording method can be reused by converting
a rectangular waveform read signal into

25 a differentiated waveform signal.

However, if a read signal from the read head is

differentiated and equalized in a differentiating



" perpendi cul ar magnetic recording system According to an aspect of the
invention, there is 15 provided a disk drive adopting a perpendicul ar
magneti c recordi ng system and including a PRVL data channel for processing
user data signals and servo data signals. This data channel decodes the
user data by 20 executing PRM signal processing based on positive
coefficient PR equalization for the user gfta signal s of vertical
rectangul ar waveforns output fromthe read head. This data channel converts
servo data signals into differentiated waveform signals, and decodes the 25
servo data fromthe differentiated waveformsignals. A disk drive unit of
the invention cohpeites roHFek (pE8Lem RelpetorantaipeddapatBRdreder data by
a - 5 perpendicular magnetic recording nethod, a read head to read out
servo data signdignat isecempRasizegnansiffom FRefdrgReREYi GRTPIRETE - dat a
channel to reproduce the user data aTd he servo data b¥ grgcessing the 5
user data si gnafRl$ JBKes ohttALLfegHiRehd BASBYC0A PBSIFLGETLEY ficient PR

(Partial Responsge equ | ization_apd converting. the servo da%a signals into
differential sigyh ?%.‘ﬁﬂa??%%ﬁafa_b?e§?§ gnargHSaﬁys g% Bf* ﬁgu?gF?Xvention
wll be ggt for&P%%nwigg_ggggéggéﬁgnsgghﬁﬂsfgé%gg@dsggd &Qngg%g wll be

obvi ous fromthe SCTiptTon; y ear ractice t he
invention. The gbj v e I pMENLELPR MY +REeKHea! | zed and
obt ai ned by neaﬁg %?ﬂ§Egwqgaghg?&g%eﬁ?g%F%ng gng %gngfnationg particularly

poi nted out her g 9ab&@E i nBREEEC PESPRIETL Ol OF THEGSEYERALsVI EWS OF THE

DRAW NG The acconpanyl ng draw ngs, which are incorporated in and constitute
a part of the specifigatbons 20mekhdat bEt aipeesent byopeslahged enbodi ments
of the invention, and together with the general description given above and
the detail ed descréptangubirthevesbeni reatissgoned bal ewpegpenditalexpl ai n
the principles of the invention. 25 FIG 1 is a block diagram show ng the
essent i al0 par t smafnet tat nechndhey aysbtedi wthousincenvedtanvat i6f inke present

i nvention; - 6 FIG 2is a block diagraq1shomﬁn§ the essential parts of
a di sk drive aceoddf igrentintedanwavefipsni adanads t RBipndenfrYE; sEPEBl 3A to
3Cillustrate the waveforns of .a read

5.signal according_to the, sa
enbodi ment of tRECFATEHRYoRaseicRn HﬁséﬁavgBCP?ﬁﬁéFFSPE FRe (PREER2Eor mat s

according to thﬁeSﬁgﬁsSngghngEagﬁokh?cEQ¥8Q%E%Bing to PR class 1 or
2), which is applicable to a perpendicular magnetic

15 recording system. However, a rectangular waveform
read signal contains a DC component, which causes
distortion of the signal waveform and fluctuation in
signal amplitude when the signal is transmitted
through a circuit having a high low-frequency cut-off

20 frequency.

It is to be noted that a signal read from a disk
medium by the read head in a disk drive includes servo
data signals recorded in a servo area, in addition to
user data signals. The disk drive incorporates

25 a servo system which controls the position of the

magnetic head on the disk medium according to the

servo data reproduced by the data channel. This servo



FIG 5 is graph show ng the characteristics of 10 positive coefficient PR
equal i zati on according to the sane enbodi nent of the invention; FIGS 6A
and 6B illustrate the waveforns of servo data signals according to the sane
enbodiment; and FIG 7 is an external view of a disk drive 15 pertaining to
t he sane enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Hereinafter preferred enbodi nents of the present invention wll be
explained with reference to the acconpaﬁyiﬁg drawi ngs. 20 (Di sk drive
configuration) FIGS. 1, 2 and 7 axe bl ock di agrans show ng the essenti al
part of a disk drive adopting the perpendi cul ar magnetic recording system
according to anSEfRbEBi #efecéF the Sﬁégeﬁpsﬂﬁ#@ﬁtﬁ@@emﬂannu@ﬁﬁﬁhecﬂive has
a disk medium 1 for perpendicul ar magnetic recording. The disk nedium1l is
a doubl e- | ayer e@"BipBARI €I SPer 6€5VEi 5d IRBdir udnd Aiugitigtdon in

per pendi cul ar recordin?,nagnetic | ayer and a soft magnetic layer, and is
driven at a hi ghP8paBRipyugespindhe s6ETP E3ORR Lo muple b§ SURHLSFSetas a

tic head 3 to 5 d/ w i t j [ by the SPM
2> The. mgneti ¢ head | 5. proBRIGH SUERARY 63 TEadNAFEA (e head bei ng
tel ted t he . i T d_head I f . | e,
2 5hi ol d Yype R el oD F EVAY PG oy Eh Do) S oL RS & s n
valve type MR eLegpal gf;geTHR 6THRISLLA MIICHALERISY Yelalamnt. The
st ngl e- pol or

wite head consists of a single e“type head suitable per pendi cul ar
magneti ¢ recor dsdgtehhghiBANekeeuRBads3ghi ced sAn A ShEad @Gligher 13

e
which is included in 15 a servo nechani Sm qﬁe head actuator 13 is a device

to position thecnagaetkeeibeads3odt edthakgskribaer tan stik@adissle fmedieym 1, and
is controlled by a mcroprocessor (CPU 14. A data channel (read/wite

channel) 11 20 dapdt sighapst sheherepaddwcihg siagaal s to/ from t he nmagnetic
head 3 through a transmssion |ine 10. The transm ssion |line 10 consists
mai nly of0 An aspect of the present invention relates to a
PRML data channel for processing user data signals and
servo data signals in a disk drive adopting a
perpendicular magnetic recording system.
According to an aspect of the invention, there is
15 provided a disk drive adopting a perpendicular
magnetic recording system and including a PRML data
channel for processing user data signals and servo
data signals.
This data channel decodes the user data by
20 executing PRML signal processing based on positive
coefficient PR equalization for the user data signals
of vertical rectangular waveforms output from the read
head. This data channel converts servo data signals
into differentiated waveform signals, and decodes the
25 servo data from the differentiated waveform signals.

A disk drive unit of the invention comprises a

disk medium to record servo data and user data by a



a preanplifier 20, as shown in FIG 2. The preanplifier 20 has a read
anplifier to anplify the 25 read signal (vertical rectangul ar waveform
signal RS1) outputted fromthe read head and transmt it to the data
channel 11. The preanplifier 20 also includes _ g _a wite anplifier to
convert the wite signal output fromthe data channel 11 and transmt it to
the wite head. The data channel 11 is largely divided into 5 a read
channel to perform PRV processing of the §eaa signal and a wite channe
to encode the wite data. Since this enbodinent relates to a data
reproduci ng function, the_description of the wite channel is omtted here.
The data channePerRepficubarnmadpebdc1oecraAhBe MRtPRE/f 6 FoRhGead
descriptions. The data channel 11 includes dat a deco%gr 11Q, a
differentiatingt®i Feafttc4i15arYCad8ERVE18BRO8ePT 1P TRE a4 988dSder 110

decodes t he use datﬁhérﬁCOLdEd dat a) fron1thg daba sign%l guser dat a

si gnal ) incl udet*9B t oS K eBRII PGP PERB 2 AF PaHEAPREEd oy EFPERGUCE

t i SSi | 10. Th t d Qi i l, b d
o post & ive  cosk iR RaRt Srtaqaal S8, 5RTY8 HREE BT PrecRasogLiRe o "

di sk trol | . ¢ S . . ¢

it eronts ot or BeERdats s20ndhe CLLUPEEDh) heNBelh! fidah bpbe ol 1 ver

the transm ssiogoLi peyvdOchBEP:aidhtf Pﬁembhakw@vgfsebgg%gnal- The servo

decoder 112 extracts servo signals fromthe signals S) 25 differentiated

by the differentgahiga€ibfUbhdlédnvandiHgCceHeS se@kMogd@hasighhllsrom said
servo signals. The servo decoder 112 sends the decoded servo data g

(SD) to a CPU lintdhei€PbrdAtcant sobhaalbe position of the head 3 by the
reproduced servo data SD. The disk nmedium 1l has a plurality of
concentrically fornmeAddiatkaalO0bjastshewd aavBEhGages ©fThdedi sk 1 al so

i ncl udes radial servo areas 101 arranged circunferentially at predeterm ned
intervals0 Eachizeenblenewildibensbtidéershsénvohesedescription whdnhhtrack

Each servo sector_40 records patterns which are roughly divided into an
addr ess patternfableysidrasd éBdERTEOWihdi Bat ePH1PHECKTQBdEBEs and a servo

description, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the

15 instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

20 illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the
embodiments given below, serve to explain the
principles of the invention.

25 FIG. 1 is a block diagram showing the essential
parts of a data channel according to an embodiment of

the present invention;



burst pattern to detect a positioning error in a track. These patterns are
call ed servo data (SD). In each track, a plurality of data sectors 41 is
usual | y arranged between servo sectors 40, as shown in 15 FIG 4A A data
sector may be partially divided and called a split data field. Each data
sector 41 has a synchronizing signal area 400 also called a PLL area at the
begi nning, a user data area 401 in the mddle_and an ECC (error correction
code) area 402 at 20 the end. The synchronizi ng signal area 400 consists of
a repetition signal pattern of predeterm ned frequency. The head actuator

13 includes an arm4 wth_a head and voi ce coil, motqr (V 5. .The VCM
5 is 25 driven by a Vé&f-déi Jér aZPﬁ.OC?‘h@aJé&% O % aeo?%-Qr}ta]cﬁ]al |y

the disk 1 by the VOMdriving force. The CPU trols the V
i ver 21A therBRFES SFL6 GSH FOLIENGSEREIE (Rorkify TS MEHAGHERE

mounted on the agtﬁgtOE 13. . The VCM driver 21A is integrated as a notor
driver IC 21 to§é&t h8F WPVREAC8PM driver 21B which drives and control s the

SPM2. 5 The CPU 14 ik bhe Jaminy continaldr, Gl Wi die slolue o and exceut es

various controls such™as ‘poSitioning o read/write operations.

Menori es %5 i”CE%gEaBA%éBQd%GS%oE%BMah% o i‘n{%ﬁlécp[?%grt%@ and dat a

requi red by the U 14 to execute 10 the controls. i sk controller
(HDC) 12 constitdi,estaBninterface between the disk drive and a host system
and controls mainly the transm ssion of read/wite data. 15 The

above-menti oned di sk FadGisve 4@0RRId i8S id 1disdrarditie braciSRR rhatan arm 4
with a head 3 and head actuator such as a VCM5 contained in an al um num

al l oy case, foraexanpliag 4% thewsame emBodimenRatof e deventdn;20
Description will now be given of the reading operation of the data channel
1 in a disk drive a#@c6r.diSng st @rtaph ashowe-nge rithieo gk rediodi indnitgs arfd t he
effects of the sanme-enbodinment. First, the read signal RSl read by the read
head 25 ¥Pom t hecgiskveeaprefficiens F& penaildFaid ompgreordinge diodithg syst em
is a vertical rectangul ar waveformread signal, as shown in FIG 3A The
read signal RS Same gmbodlment of the invenhtion;
FIGS. 6A and 6B illustrate the waveforms of servo
data signals according to the same embodiment; and
FIG. 7 is an external view of a disk drive
15 pertaining to the same embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION
Hereinafter preferred embodiments of the present
invention will be explained with reference to the
accompanying drawings.
20 (Disk drive configuration)
FIGS. 1, 2 and 7 are block diagrams showing the
essential part of a disk drive adopting the
perpendicular magnetic recording system according to
an embodiment of the present invention.
25 The disk drive has a disk medium 1 for

perpendicular magnetic recording. The disk medium 1

is a double-layered perpendicular recording medium



becones a di storted waveform signal RS2 after passing through the
transm ssion line 10 (e. g., aread anplifier), as shown in FIG 3A The
transm ssion |line 10 does not pass a DC 5 conponent of the signal, and |
includes a read anplifier which cuts off |ow frequencies around several 100
kHz, for exanple. Thus, the read signal RS2 having a distorted waveformis
applied directly to the data channel 11. 10 (Servo signal processing) The
read signal RS2 applied to the data channel’ 11 contains a servo signa
output froma servo sector 40. (See FIG 3C.) The servo decoder 112
extracts a servo signal, froma differentiated signal 15 SS ou;ggt fromthe

di fferentiati ng COFMPEFHSLIMEL R PREP IR JRFOTLHN Y RPN LT el Wehuces)

servo data SD from serva, signal § ,or differentjated, wavef orns . a sinple

peak detect sysf&f aorsotfﬁe"%%scllgRI@@yﬁrgné\ndprloscéjs?ivﬁd‘ ffoft %ggalh PR4

system for exanﬁle. 0 As expl inedtgbov&;gbh CPU 14 controls the

posi tion of thesga1 yb)? by $H &% 00P a “SD out put fromthe data
g

channel 11. The serv,Si | _dat i . (i i m ed by the gate
signals of the ser voo%leec%{(}‘r kafldt}:q a a}?a'ssZc?gor, antgl r}geﬁéc%g%n?% 25 respective
si gnal precessi | it.s 0 : ; 0S4t 4-A0 CQiY I t he
CPU 14 usgs ther}%r?gl/%&;e (%#at (ﬂoggf\]}g)% stlﬂg&nﬁl@?(oplqgélc%h posi télggdn - 12
of the head 3. ‘pher ehQr GagMeen dindQl Ll OB RRAHS WL & neath Sl a
vertical rectangul ar waveform RS2, anplitude fluctuation (distortion)

occurs in the serweilte $eadhlide8mly GapaddtRA ¢ Idudit SR H@Nddme as 5 shown
in FIG 6B. FIG 6A shows the patterns of normal servo signals SS free from

anpl i tude fl uct satiidet.. SUtle agald thedel fdmpclioyad,i difod redtdmplser vo shiigglal wil |
affect the accuracy of the positioning control by the CPU 14. 10 The

di fferentiatingtypecMRt elkient,t lee G¥R al Glearinadite th e ssirstrit Vet es a servo
signal of vertical rectangular waveform and provides a differential signal
SS cont ailRi ng n&leGesdnpensMin (VSd&eFItgPea3®R ed amanto o ghalMRextracted from
this differential signal 15 5Sis not, distorted in its waveform even after
passi ng t hrough {TH@neldmariMagnatqnafe sto WavisHEReH: gh ThfvYi e divdd
cut-off characteristic, a therefore its waveformis the sa as that of a
servo si gnal incf?(?ﬁ\}é%lsi (9:g|a ISHREURTS RS rsé‘blotrag?]r%r?% (Dat a

e ess! b RSB 204D S Al SR,

data signal RS corresponding to e user in a sector 41.

(See FIG 9B.) el Jeeale netd i, S Gl cPracesoud@sad, 25 on

positive coefficient equal i zat1 on applicable to vertical rectangul ar

wavef or msi gnal $, sal&deeRifhitsel daia HAAd rabudaicar Signd s ik ig a

verti cal - 13 rectangular waveform Nanely, the data channel 11 of this
enbodi ment processe®sd aim thggnadgnatrica hed iTalt reeciangt gyl awy efror m
wi t hout converting it into
the disk medium 1, and is controlled by a
microprocessor (CPU) 14.
A data channel (read/write channel) 11
20 inputs/outputs the read/write signals to/from
the magnetic head 3 through a transmission line 10.
The transmission line 10 consists mainly of
a preamplifier 20, as shown in FIG., 2. The
preamplifier 20 has a read amplifier to amplify the
25 read signal (vertical rectangular waveform signal RS1)

outputted from the read head and transmit it to the

data channel 11. The preamplifier 20 also includes



a differentiated waveform Accordingly, the data 5 decoder 110 of this
enbodi nent needs no differentiating circuit. FIG 5 is a graph conparing
the data decodi ng characteristic (50) based on the positive coefficient PR
equal i zati on of the present enbodinent with the 10 characteristic of the
data channel (51) enploying a differentiator-equalizer and PR4 systemto
obtain the sane signal as that adopted_pygf conventional | ongitudinal
magneti c recording nmethod. That is, FIG shows the signal-to-noise ratio
15 (SNR) required to get a nornmalized line density. The nornalized line
density (LD) is defined as_a half-anplitude | evel of differentiated
wavef or mi t ransfarwplte| anpt hfies tReCNYRaL- tBenvriker §iPBaleQULEPEE for a
transfer rate isg al so dependent 20 on_the resolution of the read signal
wavef orm the ngFﬂ%lFQ%dg?F%ecﬁ%ﬁg?ﬁylisaﬁﬁo FEBSEan tt%@ 5B§CW§%58 The
signal -to-noi s rqéio is defined as the value required to ensure a certain
error rate (e.e%¢? the -6th power of 10). 25 There is little difference
bet ween these two si gpal ocessi hods d L . area where
the nornalized |ine g@ﬁs?géaig ?%§glggﬁ19gslg§8eig dg&éﬁﬁgi%gEPG. 5, when
t he nor ized li ensi I Ses , j i grak+to-pojise
ratio rrgis reI%I?%%?ygﬁ%ﬁ%%é ggnegﬁ?égﬁarﬁﬁgt%gge%éggnéoggakgg %gg?he

present embodi nendn apthod £50)1 L ncREARE1 WREdencaqheRet 81 par Aakhzed line
density rises over 2, the present enbodi ment signal processing nethod (50)

displays a characiesi shis empobiment LEPRO¥ENHot REdBEAOFep@bAuEYElR Wi th a
| ow signal -to-noise ratio. Therefore, it can be supposed that since 10

differentiati onfeggrel ozt tiog désexepuien 66rthBewredd ahghaklwagef ormin

t he conventional signal processing nethod (51), a high-frequency range is
enphasi zed evermcmigatedthere gi NBhé ydabat ehannddnl $ywidin measeaandathe

i nfl uence of high-frequency noise is strong when the 15 resolution is | ow.
Accordidfl y, itckamne tonthenfdliowinghdasgaintiessdrded with high density
is exactly ' reproduced under the sane_reproduction resolution, the
positive coefficient TPR BatadcBprBRaL plodBsirAgSnat R8d2orecRaeyr ddfnt

o e o b et laEle cElbuah Ty SOy, bhecdoboglangs 13, o the
The data decoder 110 decodes the user data (recorded
data) from the data signal (user data signal) included

15 in the read signal (RS2) transmitted over the
transmission line 10. The data decoder 110 is a PRML
signal processor based on positive coefficient PR
equalization, and sends the user data RD to a disk
controller (HDC) 12.

20 The differentiating circuit 111 is a
differentiator-equalizer to convert the read signal
(RS2) transmitted over the transmission line 10 into
a differential waveform signal. The servo decoder 112
extracts servo signals from the signals (SS)

25 differentiated by the differentiating circuit 111, and
decodes servo data (SD) from said servo signals.

The servo decoder 112 sends the decoded servo data



"its vertical rectangular waveformas it is wthout executing
differentiation-equalization, and this avoi ds enphasi zing the

hi gh-frequency conponent of 25 the noise (system-noise). Therefore, the
di sk drive of the present enbodi nent as a system can ensure an adequate
signal -to-noise ratio, and avoid - 15 increasing the read error rate
when recorded data is reproduced. It is cognon to use a normal i zed |ine
density several tines |ower than the data 3ignal transfer bit 5 frequency
for the above-nentioned servo signal frequency. Thus an adequat e

signal-to-noise ratio is ensured fo rvo 5| wi t hout dlfferent ation
or equalization SBéck@sé £RE ﬂﬁequgh@yciin %% G Bid Bae £10 5t

deterioration caused by th t em noi e |s 10 I|tt a specific form
of a disk drivet8f gﬁ ?e§§n¥ e €ﬁ858 d%%?%é%1e to use a

singl e-pol e type hea for t he wr and shi.el.d type GWR el enent
(shield interval of r G Skod ﬁfﬁ) gg%eaaldlt% gél) is al so possible
to make the disk 1 nulti.-|l ayer Si, St f f t RGN Q@yer nade
of Fe-Al-Si, Co€ EPCQBtr#ga%X Egr@%%bF§%ﬁgglﬁﬁgﬁ %% in erng gie c%ntro

| ayer, and a regﬂrdh@%k”ﬁggggaelh%iﬁﬁe%frgglgﬁ Ay Yrdedy Hlgral 1 oy with

per pendi cul ar &ni 5ot y, on the surface of the disk 1, a

several -m | i ”E‘B%ahg'e%lk cH&%ﬁ%@E‘r‘é&t'l@Mqry oft Grefadteniine iinttapesis.ed on
the top of the recording layer, and further the surface is coated with a

|l ubricant. For instamgeh igertie afeesattl amuldidents skrvidesalitideranti ation
hal f -anplitude | evel is about 95 nmin the isolated differentiated waveform
of the read sigfalr eaath frrawkt.he Baehd skeear, seutdrhd @ nedombngidbterns 16

of the disk 1 is about 60 kTPl (0.423 a mtrack pitch) . In this case, the
servo signal fretuiehcyries réhighily, diiorldedaripite, amdbddresfriatiiniat a
frequency is 5 about 159 MHz. Cenerally, the servo signal frequency is
often selOsever daddness lcoger ttiearindi€ada & ST qdfgtﬁf@(%nq ? oY t o
ensure the servo signal-to noise ratio and to sinplify the servo signa

processi ng ci rcBurst patiersy doefete&iodi rPé’rﬁltlé”Hlnfq &R &7 Ry

track. These patterns are called servo data (SD).
In each track, a plurality of data sectors 41 is
usually arranged between servo sectors 40, as shown in
15 FIG. 4A. A data sector may be partially divided and
called a split data field. Each data sector 41 has
a synchronizing signal area 400 also called a PLL area
at the beginning, a user data area 401 in the middle
and an ECC (error correction code) area 402 at
20 the end. The synchronizing signal area 400 consists
of a repetition signal pattern of predetermined
frequency.
The head actuator 13 includes an arm 4 with
a head 3 and a voice coil motor (VCM) 5. The VCM 5 is
25 driven by a VCM driver 21A. The actuator 13 is
movable radially over the disk 1 by the VCM driving

force. The CPU 14 controls the VCM driver 21A thereby



10 circuit 111 is applied only to the servo signal. This makes it possible
to set the high frequency cut-off characteristic of the differentiating
circuit 111 only by the servo signal frequency w thout dependi ng upon the
maxi mum frequency of the data signal. 15 The design of the differentiating
circuit 111 is sinple when the cut-off frequency is |low, and the
signal -to-noise ratio of the servo signal g?n_pe i nproved. In addition, if
t he hi gh-frequency cut-off characteristic the differentiating circuit
111 is 20 set equal to the cut-off frequency of the | owpass filter, it

beconmes needl ess to provide a |OMFpaSS filter in the servo decoder 112 and
the circuit conFPBGFS@#éﬁgb§58nﬁ§S§ ARPERS Clibdite &eEdor) M mpsinged OB drive

head ool £ oni nEhgy S6EEALoE” d8my 0 TBegER KRR 1 o a e el g, ("
t 40 the d t b t

servo sectors | A PRESEeRFarEEarfo2dy SRERt EinErat g Sk %v%“h%‘”l% S

non-recording 5 gﬁcglaagggg gﬁg ?%t&% Br%ﬁld?%Mb%tween data sectors to

permt fluctuatl i"on url he wr'ite operation to record

user datagin a data sgetepiAQ4 AS athre fggoqueear G rtq?eoc&déwg to this
ata

gap is generated in a space before eac sector. series of data

signals to be rgadybirghaf EREL-atdat %a%@efu@,r cbﬁtlr%&%elssac@f glsorted in the
| ow-frequency range by the DC area. In the present enbodi ment, the

i nfluence of thpSSQtﬁbﬁ&thBfulﬁjﬁ@ hleQds 8RO reilagn @ ITRAG eIk Servo
sector 40 is 15 elimnated by differentiation by a differentiating circuit

111. But, the iMbhoetiee tandatlheecRANM nated lbshmEEPRONAtD SAdres the be
read first fromthe data sector 41. To solve this problem a false signa
area i s 20 provpdedramst hadbdgiteniregudaed bgcttie £PU d4ddicectxedte
distortion. In the data channel 11, a circuit for correcting the distortion
is provided, whtbe conteeds-.the distortion of the read signal waveform by

the detected DC distortion value when data is reproduced. 25 This is a
nodi ficati on of the BhesEdskespadiregder (HDC) 12 constitutes

an interface between the disk drive and a host system,
and controls mainly the transmission of read/write
data.

15 The above-mentioned disk drive comprises a disk
medium 1, a SPR 2, an arm 4 with a head 3 and head
actuator such as a VCM 5 contained in an aluminum
alloy case, for example, as shown in FIG. 7.

(Data reproduction)

20 Description will now be given of the reading
operation of the data channel 11 in a disk drive
according to the above-mentioned embodiment, and the
effects of the same embodiment.

First, the read signal RS1 read by the read head

25 from the disk medium 1 of a perpendicular magnetic
recording system is a vertical rectangular waveform

read signal, as shown in FIG. 3A. The read signal RSl



A data decoder 110 nmay receive a read signal with its waveformdi stortion
not elimnated. It has been - 18 confirned that, when a read signal of
vertical rectangul ar waveform appears with nmaxi rum DC di stortion, the
signal anplitude becones 2 tinmes that of a distortion-free signal
Therefore, the input 5 saturation |evel of the data decoder 110 is set
desirably 2 tinmes or higher the anplitgdelhevq] of a distortion-free read
signal (the output of the read anplifier).”" It is also possible to provide
no distortion 10 correcting circuit in a data channel 11 and to separate an

area influenced strongly distortion froman area_where high data
reliability is I gisso SHSWBVeﬁBHEréﬁﬂﬁaitﬁggiﬁFF@éh@éséﬂngigna|

maveforn1distor%'on cau dng the,cuttin .off1 f |low 15 frequenci es.
Narrel y, vhen a BFPUSR BESnGBABTTLFRGCR e4"6xid: {0 4 & SFOE the area
next to this DCé§£§$f?%£5zﬁgFrgggwﬁ;gg?%Iw[lPAQe i nfluenced by the

di stortion caus ing o of "I'ow frequenci es. This area has

al nost the sane leng%ﬂeafragsh?%s@gnaQQ%ebQ%PH%%%'H&H‘ %iégglg%;ection

changi ng signal. Distortion wll "al'so occur in the are _ _
magnet i zi §g d'r@BthHeﬁEaBE!Eﬂesbgaﬁbl,A%n@eiﬁEﬂQ%QsaQQ%%adDQnﬁaﬁﬁ%%&zat'0”
is apt to occur in the margi nal aréa between data sectors. 25 At the

begi nni ng of thghdahacaest 8Fr4lowarReguahede40@ rosinkr @evéed 1t Q oekard a
certain repetition frequency signal, as shown in FIG 4B. The PLL area 400

uses - 19 a Few krefijpdacy CThupar eHet @eblbe sigxialumskr égwamey of the data
signal, to ensure signal quality. It is desirable to set the dinension of
the PLL area 408 HbongerttHawathéob aseappildedded reeftdiye tohehtatdatad sect or
41 to mnimze the influence of the distortion caused by the DC area. This
can prevent at tbaspeihéleiandom user area 401 in the data sector 41 from
being influenced by the waveform_,distortion. This nmeans a structure such
that whehOt he | engt h (§RrVReSPERadr 8XOLESE33H)synchroni zi ng signal area) is
assuned to be L1 and hhe | engt h of _sai rea to be L2, the relation L1 <

DC
L2 is satisfied. FurCRE& repfe SaPa1dES5dEPPLIGS Fa b sidat&hannel 11 of
t he present enboginen; L ermtted to 15 use turba ggc diing _as a _net hod of
decodi ng recor dBA2HAPA £ FoRPBAPATS! GnaFE TOAS TEBEL, CBEE Hndte™ Fh FRYC
present enbodi rvo- C i ng~chanpel i repr C ervo data
uses the servongggﬁg sngtaﬁﬁég géadi?Fé?en?ﬁgtggé%godggggggiﬁﬁéﬁthe read

signal s of vertigal pect angukap WAYRRIT Froft dald rRERERTIaR@ LhRAYARL whi ch
reproduces user data (recorded data) executes positive coefficiéent PR

equal i zafson tospreaepatt Beomedtesufieseas ibhengaic@ rcd tThanefore, the
present enbodi nent as a servo system can use a servo signal with stable
anpl i tude obt ai TRd bgrsupfeesdengliBedekcodesat{reprobtitices) servo data
SD from servo signals or differentiated waveforms by
a simple peak detect system, or the usual PRML signal
processing adopting a PR4 system, for example.

20 As explained above, the CPU 14 controls the
position of the head 3 by using the servo data SD
output from the data channel 11. The servo signal and
data signal are discriminated by the gate signals of
the servo sector and data sector, and branched to

25 respective signal processing circuits (110 or 111).

In the positioning control, the CPU 14 uses the

amplitude of the servo signal to detect the position



- 20 realizes accuracy in the head positioning control. Further, as a data
reproduci ng system a data signal processing system suitable for w de-range
hi gh-density recordi ng can be used, realizing high track recording 5
density and high line recording density. In short, a signal processing
met hod applicable to the characteristics of either the servo signal or data
signal can be enployed in a disk drive_of 3 perpendi cul ar magnetic
recordi ng system That is, 10 a process oft reproduci ng servo data from
differentiated waveform signals is executed for a relatively |ow frequency
servo signal for which a suppressed anplitude fluctuation is demanded. This
will realize re%?oﬁ%%th%ﬁdog-stEBPéegﬂ ey o8BI €18EPYE198 Q&CHTEnd accur at e
head positioning control., over, as positive oeffhcient PR equal i zati on

Mb
applicable to a*¥ertfd IS+%%% n@ﬁl%rzaé efBrnFSFGRALY 8 e X8YGEEd™M or a
i de- hi gh- ity. dat I . Si .-t 0-noi ti ti t
for = oyatem caitso BELhENTedt TAELBPhiAbIJa ehaT el cPR6PEFatt WhEn
duci d ta f d_si d d

consequent Ty o SPOS db it dr oS ER e RhPREh 8" Tl Bher B8F IR0 BdERETE, 2Pem can
be real i zgd wi &, li0hsf ekiabi bhly aBg. hbANSheRar fhaopadrdensi by, Additional
advant ages and nodifications wll readily occur to those skilled in the

art. Therefore, norma?lsetvbNgi 4bRYER 5GNFiBel EBoR" QAEEH taBRECIS IS not
limted to the specific detailS and representative enbodi nents shown and

descri bed herei muéecof dbRgl ysu¥Rara@psiaodef FcattoasiBRY iBe tAadeewybhout
departing fromthe 5 spirit or scope of the general inventive concept as

defi ned by the appeatleditrl ahfBeabdthbeatcagacyabénthe posi22onWHAT | S
CLAIMED IS: 1. A magnetic disk drive conprising: a disk nediumto record
servo data and ceetrahthybyhe @BUpkaAdi cul ar magnetic recording nethod; 5 a
read head to read out servo data signals or user data signals fromsaid

di sk nedi@m and a dihe @hifmzentédateplogdecuddi dldsdn d&eadat@ said servo
data by processing said user data signals read fromthe read head based on
positive coeffiehapprelol broi PApFeALiIRESPOASEFTEQUEAFPRALi 84 HRATd6AYerti ng

said servo data signals.into differential signals. 2. .A_nmagneti di sk drive
according to C|5?ﬁgﬁngular waveform, ang pro 18es a dl%fer%n 1ai

signal SS containing no DC component. (See FIG. 3C.)
A servo signal extracted from this differential signal

15 SS is not distorted in its waveform even after passing
through the transmission line 10 having a high
low-frequency cut-off characteristic, and therefore
its waveform is the same as that of a servo signal in
conventional longitudinal magnetic recording.

20 (Data signal processing)

The data decoder 110 in the data channel 11
decodes the data signal RS corresponding to the user
data 401 in the data sector 41. (See FIG. 4B.)}

The data decoder 110 is a PRML signal processor based
25 on positive coefficient PR equalization applicable to
vertical rectangular waveform signals, and decodes

user data RD from data signals having a vertical



"wherein said data channel detects digital data fromthe rectangul ar
waveformread signal read out by said 15 read head by executing said
positive coefficient PR equalization, and decodes user data by decodi ng by
a maxi mum | i kel i hood nethod. 3. A nagnetic disk drive according to claim]1,
further conprising a wite head to wite said user 20 data signals to said
di sk nmedi um wherein said data channel includes a wite channel to supply
said user data signals to said wite héadl34. -A magneti c di sk drive
according to claim1, wherein said data channel has a differentiating 25
circuit to convert said rectangul ar waveformread signal read by said read
head into a di ffecemyater vaveform si Jaaelvanthendptdeshansedvad ldedoder to
- 23 extract a servo signal fromthe differentiated maveforn1si%nal out put
from sai d diffeblehtigpPagieeREuPEOaRaSEEpRrodaERsS$EPRS dBFa2f VEMTdERd servo
signal. 5 5. A magnetic_disk drive according to claim1, wherein said servo

signal frequencyefsaPeRksr ( HaneEarl- dYt SPERGnSPPVREGIBACY Caddthe

hi gh-frequency cut:off charagcteristic when gonverting in a differenti ated
haor or e oo &1 P e RSN AR Bk R REEUEREDSTY, ThRea i Bu ol g
6. A nm tic disk driv cecordin l,al , _wherein said data channe

has a c??%uit t%e%?% %sglgiégagélgy£§%§8§%§é%tPSSSEOQPficient PR

equal i zati on, a@gfﬁggeﬁggy%iﬁgtHﬁg&kgg.IeveI of said circuit is set 15 to 2
pu vel' "o

times or greater € ou _ a read anplifier circuit to anplify
data signals output fegm said LegdaBRadonfarfnlBeng! ke rdl Heddidivg according

to claiml1, wherein said disk nmediumhas a plurality of 20 concentrically

formed tracks, ergPaffesdbeitr a5k baspEO¥hdeHeWHbBiEEK¥O0 c5REFQESeh® record
said servo signals and data sectors to record said data signals, and each

of said data sepRogguahtiatésni afi thebpgesanbngepbotiinana fvakaethiegnal area
to detect DC 25 distortion of the data read by said read head and to
correct i d DCasaoterbati®. oA thgndate dhskndii Vélacempdygngo cl aim 1,
- 24 i wherein said disk mediumhas_a plurality of concentrically forned
tracks, each ofaséifferereksaterpeavadéachni aRndsBRéosyesedr §ot ebtednrd said
servo signals and data sectors to record said data signals, 5 and the
relation L1 < Lphessamejsigeali asatbatt afArtrdqhEnay cepreRtdrnEing area

rovi inth i nni rtion, of h i r n
provided in the, begl B9 PORL500: 0L £260:Q1n5 hdcHahe sectors and a B

That is, FIG. 5 shows the signal-to-noise ratio
15 (SNR) required to get a normalized line density.
The normalized line density (LD) is defined as
a half-amplitude level of differentiated
waveform/transfer bit length. As the signal-to-noise
ratio required for a transfer rate is also dependent
20 on the resolution of the read signal waveform,
the normalized line density is plotted along
the abscissa. The signal-to-noise ratio is defined as
the value required to ensure a certain error rate
(e.g., the -6th power of 10).
25 There is little difference between these two
signal processing methods (50 and 51) in the area

where the normalized line density is low. But, as



"~ provided in the boundary of each of said data sectors when the | ength of
sai d synchronizing signal area is 10 assuned to be L1 and the |ength of
said DC area to be L2. 9. A magnetic disk drive according to claiml1,
wherein said data channel is applicable to a data transfer rate where a
normal i zed line density is 2 or 15 higher, said normalized |ine density
bei ng obtai ned by, dividing the half-anplitude |evel of the differentiated
wavef orm of said data signal by a transferl%hit length of data. 10. A
magnetic disk drive according to claim1l1, 20 wherein said read head

i ncl udes one of a GWR (G ant Magnetoresistive) elenent, a spin valve type
MR el enent and ah®wR (RufAEl.i By Maghettdree piogmald)zed dripret .detlsity magnetic
di sk drive according to claim3, 25 wherein said wite head includes a

si ngl e-pol e typeiResdovez. 2A Gheareained isdgnadi-Ho-ddiae gfatic rfesa
per pendi cul ar nmagnetic recordi ng system conprising: a data decoder which
i nputs data si ghglatavedyr ipciher eoryfGtionatavetdad r&dd fqamnpared o

medi um by a read head included in said disk drive, and 5 decodes user data
by executing po§P?i9§e§ﬁn€P§PgP AIREL, BirdEP e dedi-zatito P TR MBhti at i ng

it ich th tical .rect | f ' I db
Cai d read®hoad THED 1F1 BPERELACER AAVS! PMCgndic and V) 2/ decoder

whi ch repr oduce"gg%?{e}é& %i’%})%dtifn%mtt Q‘ig?*ia;&f g)rr%%teis%ti% }ﬁ@(cer\;‘o%{ gqidagnal S out put

fromsaid diffe g crrcuit. ata chanrel —accor to claim

12, wherein saigd;g d8COASL aBXLEACES S PabAriIcdd Suld:APLe e

: ! ﬁ&}égs !
differential signars output Tromsai ffefentiating circurt, and
reproduces SerVQrEléEarﬁlﬁéeeé%Ht WAEHPR aguAlsizg@di0to-tbi s MRitieql of

processing a read signal read froma disk mediumby a read head in a disk
drive of 20 a perpendihededor@ggnet ican erorsdlighd b iat sairkdret hod

conprising the steps of: decodi ng user data by executing positive
coefficient PR RdfeirahtRasponsepuediakitian ds fexeduteddicr dhgnaleadof
vertical rectangul ar waveformread 25 from sai d di sk medi um converting the
vertical rectangabarlwweskedonrsiignghe coademy iomiad sdathaleatdasssing
differentiated )
method (51), a high-frequency range is emphasized even
against originally white random system noise and the
influence of high-frequency noise is strong when the
15 resolution is low. Accordingly, it can be confirmed
that when data recorded with high density is exactly
reproduced under the same reproduction resolution,
the positive coefficient PR based signal processing
method of the present embodiment is relatively
20 excellent. In short, the data channel 11 of the
present embodiment processes the read signal leaving
its vertical rectangular waveform as it is without
executing differentiation-equalization, and this
avoids emphasizing the high-frequency component of
25 the noise (systemrnoise). Therefore, the disk drive

of the present embodiment as a system can ensure

an adequate signal-to-noise ratio, and avoid



' - 26 waveformsignals; and decoding servo data fromsaid differentiated
waveform signals. 15. A nethod according to claim 14, further 5 conprising
the step of extracting servo signals fromsaid differentiated waveform
signal s and decodi ng servo data by executing PR equalization for said servo
si gnal s.
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the like is deposited on the top of the recording
layer, and further the surface is coated with
a lubricant. For instance, in the present embodiment,
25 the differentiation half-amplitude level is about 95

nm in the isclated differentiated waveform of the read

signal read from the read head, and the track density



"10% & ()-3 910% & ()-3 YFI0% & ()-f 10% & ()-3 10% & ()-10% & ()-dEM?1 10""
109s-10% & ()-F %409 ()-s9%@ 10% & ()-3 s10%W & ()-& '10% & ()-3 10% & () -
WHdEM?1 10"" 10F 810% & ()-L610%W & ()-F 410% & ()-Y 310% & ()-F
110% & ()-F @10% & ()-#YZ[\bbC 10"" 1Y 10% ()-Y 10%& ()-Y
109 ()-10%&' ()- 10" 10" 10"l :MLO% & ()- RG-dEbC 10"" 1Y Z10%&' ()-Y
109 ()-9s! 109 ()-F F109%&' ()-ys!10%&' ()-, 10%&' ()-9nmdEbC 10"" 1F )
109& ()-Y ' p#l0% & ()-F - 16 -

of the disk 1 is about 60 kTPI (0.423 um track

pitch).

In this case, the servo signal frequency is
40 MHz, for example, and the maximum data frequency is
5 about 159 MHz. Generally, the servo signal frequency

is often set several times lower than the data signal

frequency in order to ensure the servo signal-to noise

ratio and to simplify the servo signal processing

circuit. In the present embodiment, a differentiating

10 circuit 111 is applied only to the servo signal. This
makes it possible to set the high frequency cut-off
characteristic of the differentiating circuit 111 only
by the servo signal frequency without depending upon
the maximum frequency of the data signal.

15 The design of the differentiating circuit 111 is
simple when the cut-off frequency is low, and the
signal-to-noise ratio of the servo signal can be
improved. 1In addition, if the high-frequency cut-off
characteristic of the differentiating circuit 111 is

20 set equal to the cut-off frequency of the low-pass
filter, it becomes needless to provide a low-pass
filter in the servo decoder 112, and the circuit
configuration becomes simpler.

(Modification)
25 A disk drive of the present embodiment is called

a sector servo system, and controls the head

positioning by using a servo signal recorded in the
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servo sector 40 on the disk 1. A plurality of data
sectors 41 is provided between servo sectors in the
sector servo system.
Generally, in a disk drive, a non-recording
5 margin area (a gap) is provided between data sectors
to permit fluctuation in disk 1 rotation during
the write operation to record user data in a data
sector 40. As a result, a DC area corresponding to
this gap is generated in a space before each data
10 sector. A series of data signals to be read first
from a data sector is largely distorted in the
low-frequency range by the DC area. 1In the present
embodiment, the influence of this distortion upon the
servo signal read from the servo sector 40 is
15 eliminated by differentiation by a differentiating
circuit 111. But, the influence cannot be eliminated
from the data series to be read first from the data
sector 41,
To solve this problem, a false signal area is
20 provided at the beginning data sector 41 to detect DC
distortion. 1In the data channel 11, a circuit for
correcting the distortion is provided, which corrects
the distortion of the read signal waveform by the
detected DC distortion value when data is reproduced.
25 This is a modification of the present embodiment.

A data decoder 110 may receive a read signal with

its waveform distortion not eliminated. It has been
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distortion, e signa g%blitude becomes 2 times that
of a distortion-free signal. Therefore, the input
saturation level of the data decoder 110 is set
desirably 2 times or higher the amplitude level of

a distortion-free read signal (the output of the read
amplifier).

It is also possible to provide no distortion
correcting circuit in a data channel 11 and to
separate an area influenced strongly by distortion
from an area where high data reliability is demanded,
as a means of moderating the influence of signal
waveform distortion caused by the cutting off of low
frequencies. Namely, when a certain DC magnetizing
area exists on a disk 1, the area next to this DC area
of that read signal will be influenced by the
distortion caused by the cutting off of low
frequencies. This area has almost the same length as
the DC area before a magnetizing direction changing
signal. Distortion will also occur in the area after
the magnetizing direction changing signal.

As described above, DC magnetization is apt to
occur in the marginal area between data sectors.

At the beginning of the data sector 41, a PLL area 400
is provided to record a certain repetition frequency

signal, as shown in FIG. 4B. The PLL area 400 uses
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the data signal, to ensure signal quality. It is

desirable to set the dimension of the PLL area 400
longer than the DC area provided before the data
sector 41 to minimize the influence of the distortion
caused by the DC area. This can prevent at least the
random user area 401 in the data sector 41 from being
influenced by the waveform distortion. This means

a structure such that when the length of the PLL area
400 (synchronizing signal area) is assumed to be L1
and the length of said DC area to be L2, the relation
L1 < L2 is satisfied.

Further, the data decoder 110 in the data
channel 11 of the present embodiment is permitted to
use turbo decoding as a method of decoding recorded
data from data signals.

As described above, in the present embodiment,

a servo-processing channel which reproduces servo data
uses the servo signals obtained by differentiating-
equalizing the read signals of vertical rectangular
waveform. A data processing channel which reproduces
user data (recorded data) executes positive
coefficient PR equalization to process the read
signals as they are.

Therefore, the present embodiment as a servo
system can use a servo signal with stable amplitude

obtained by suppressing the fluctuation. This
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Further, as a data reproducing system, a data signal
processing system suitable for wide-range high-density
recording can be used, realizing high track recording
5 density and high line recording density.
In short, a signal processing method applicable
to the characteristics of either the servo signal or
data signal can be employed in a disk drive of
a perpendicular magnetic recording system. That is,
10 a process of reproducing servo data from
differentiated waveform signals is executed for
a relatively low frequency servo signal for which
a suppressed amplitude fluctuation is demanded. This
will realize reproduction of stable and reliable servo
15 data and accurate head positioning control.
Moreover, as positive coefficient PR equalization
applicable to a vertical rectangular waveform signal
is executed for a wide-range high-density data signal,
a signal-to-noise ratio satisfactory for a system can
20 be ensured. Accordingly, the read error rate when
reproducing recorded data from read signals can be
decreased, and consequently a disk drive of a
perpendicular magnetic recording system can be
realized with high reliability and high recording
25 density.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
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the invention in its broader aspects is not limited to

the specific details and representative embodiments

shown and described herein. Accordingly, various

modifications may be made without departing from the
5 spirit or scope of the general inventive concept as

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

a disk medium to record servo data and user data
by a perpendicular magnetic recording method;

5 a read head to read out servo data signals or
user data signals from said disk medium; and

a data channel to reproduce said user data and
sald servo data by processing said user data signals
read from the read head based on positive coefficient

10 PR (Partial Response) equalization and converting said
servo data signals into differential signals.

2. A magnetic disk drive according to claim 1,
wherein said data channel detects digital data from
the rectanqular waveform read signal read out by said

15 read head by executing said positive coefficient PR
equalization, and decodes user data by decoding by a
maximum likelihood method.

3. A magnetic disk drive according to claim 1,
further comprising a write head to write said user

20 data signals to said disk medium, wherein said data
channel includes a write channel to supply said user
data signals to said write head.

4. A magnetic disk drive according to claim 1,
wherein said data channel has a differentiating

25 circuit to convert said rectangular waveform read
signal read by said read head into a differentiated

waveform signal, and includes a servo decoder to



'3109&' ()-F 110%& ()-F S/ 10%& ()-pTTTTTTTU*UbC Sz10%8 - 10%& ()-3 10%& ()-3
109& ()-fmLO% ()- 10 10 103 : 109& () - * UVUUUTW! VABbC Sz1098 109%& ()- 9@
109& ()-3 , 109 ()-3 9109& ()-'y 109%HH& ()- ~109%& ()-! WOMAN XXX ?bC Sz10F
11098 ()-!9+! 109& ()-!9+! 109& ()-3 Y%A0% ()-nD&$S@ 10%& ()-F

F' Z10%&' () - XXOYeYYYYYYr dV7 ml0%& ()- 10 10 10! F 8s10% ()- 9610%& ()-F
4109 () -F 310% () -YgzZZ4[ @[a?dV7 | 10%56) -Y 109 ()-Y F10%& ()-Y

F109& ()-!| 109& ()- Y g#lO%:& ()-y[n\5]]] NORZ[9dV7 | 110%p& () -

11096& ()-! "+ ' 10%a& ()-! "+ ' 109KK& ()-! $"109%& ()-sY

extract a servo signal from the differentiated
waveform signal output from said differentiating
circuit and reproduces servo data from said servo
signal.

5 5. A magnetic disk drive according to claim 1,
wherein said servo signal frequency is lower than said
data signal frequency and the high-frequency cut-off
characteristic when converting into a differentiated
waveform signal is lower than the maximum frequency of

10 said data signal.

6. A magnetic disk drive according to claim 1,
wherein said data channel has a circuit to process
signals by said positive coefficient PR equalization,
and the input saturation level of said circuit is set

15 to 2 times or greater the output level of a read
amplifier circuit to amplify data signals output from
said read head.

7. A magnetic disk drive according to claim 1,
wherein said disk medium has a plurality of

20 concentrically formed tracks, each of said tracks is
provided with servo sectors to record said servo
signals and data sectors to record said data signals,
and each of said data sectors includes in its
beginning portion a false signal area to detect DC

25 distortion of the data read by said read head and to
correct said DC distortion.

8. A magnetic disk drive according to claim 1,
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provided with servo sectors to record said servo
signals and data sectors to record said data signals,
5 and the relation L1 < L2 is satisfied in a certain
frequency synchronizing area provided in the beginning
portion of each of said data sectors and a DC area
provided in the boundary of each of said data sectors
when the length of said synchronizing signal area is
10 assumed to be Ll and the length of said DC area to
be L2.

9. A magnetic disk drive according to claim 1,
wherein said data channel is applicable to a data
transfer rate where a normalized line density is 2 or

15 higher, said normalized line density being obtained by.
dividing the half-amplitude level of the
differentiated waveform of said data signal by
a transfer bit length of data.

10. A magnetic disk drive according to claim 1,

20 wherein said read head includes one of a GMR (Giant
Magnetoresistive) element, a spin valve type MR
element and a TMR (Tunneling Magnetoresistive)
element.

11. A magnetic disk drive according to claim 3,

25 wherein said write head includes a single-pole type
head.

12. A data channel in a disk drive of
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vertical rectangular waveform read from a disk medium
by a read head included in said disk drive, and
5 decodes user data by executing positive PR (Partial
Response) equalization;

a differentiating circuit which converts the
vertical rectangular waveform signals read by said
read head into differentiated waveform signals; and

10 a servo decoder which reproduces servo data from
the differentiated waveform signals output from said
differentiating circuit.

13. A data channel according to claim 12, wherein
sald servo decoder extracts servo signals from the

15 differential signals output from said differentiating
circuit, and reproduces servo data by executing PR
equalization.

14. A method of processing a read signal read
from a disk medium by a read head in a disk drive of

20 a perpendicular magnetic recording system, said method
comprising the steps of:

decoding user data by executing positive
coefficient PR (Partial Response) equalization for
the data signals of vertical rectangular waveform read

25 from said disk medium;

converting the vertical rectangular waveform

signals read by said read head into differentiated
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15 A method according to claim 14, further
5 comprising the step of extracting servo signals from
said differentiated waveform signals and decoding
servo data by executing PR equalization for said servo

signals.



