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; e3enmmX26LTn{] TI TLE of THE | NVENTI ON METHOD AND APPARATUS FOR DATA
REPRODUCI NG | N A DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The present
“invention generally relates to a field of disk drives, partmmmmmmmmm‘m\mt es
to a read channel applied to a perpendi cul ar magnetic recor

di sk drive. Recently, in the field of the disk drive, a 10 per pepsisgul ar
magnetic recordi ng type of disk storage-apparatus which can i ngFye"
recording density receives attention. In the conventi onal Ionﬂitudinal

magnetic recording type of disk drive, magnetization 15 co[lmﬂ mmmﬂmﬁ‘mmo
i on

recording data (binary data, 0 eftik 0¥ FefmeeniERTE dNONOI t
of a disk nmedium On the other hand, in the perpendi cular nagnetic

recordi ng type vifTHES ND iAtARAETITeTe tDZE | KEPRGDUTEINECAIN M ap ket h
direction of the disk nmedium 20 CGenerally, the disk drive, data is
recorded on theriivgk nedi um by a coding nmet hod of NRZ (non return to zero)
recordi ng. When the recording data is read fromthe disk nediumwith a
head, a reproducing signal (reScKGRQUED)OPeTBRESNYENTPONSe signal string in
the 25 | ongitudi nal magnetic recording nethod. On the other hand, in the
per pendi éul ar magnetTie receseh holmeekbion t dene epk byiuce hgte$ ghal 2bétehds a
pul se signal string - 2 including a | owfrequency conponent of direct
current (DO). (%fné%eﬁli VWrivesy reaet kdakaelY (Felbrericihg stepfl Chprmeessi ng
system i ncl udin read anpli firg%z of the 5 disk drive, an anal og front-end
circuit of thed Sthpiq & &eT TR T ok C t FREPT AL hakYPR vt

cut - of f frequenﬁy characteristics. This is because a | ow frequency noi se
conmponent is r %4%m t he reproducing signal to inprove SNR

(signal -to-noise 10 Igati

(sl vonorse 10 Gatlghigf Lhe(gnEoghiing, phanal sl acLis, Bt pend oul

| ow-fre ncy %ﬂgﬁﬂ%ﬁﬁt I - i Leul ayi e | owner
cut-offq;bfeque cy “char a%l%l\gr}?gﬁ%ge%?s]pﬁ%f@??%%eﬁﬁeﬁ%@ﬂc%%%ﬁé%t, a
phenomenon in wichyabasgidief {he-sePr PALGEANSG GBRb ity BOLELedsi s
observed. Wen the shift in the base 1ine of the reproducing signal occurs,
a problemin wWiicdlersiigtror rate i s increased occurs in decoding the
recordi ng data from 20 the reproduci ng signal

In the conventional longitudinal magnetic

recording type of disk drive, magnetization

15 corresponding to recording data (binary data, 0 or 1)
is formed in a longitudinal direction of a disk medium.
On the other hand, in the perpendicular magnetic
recording type of disk drive, the magnetization is
formed in a depth direction of the disk medium.

20 Generally, the disk drive, data is recorded on the
disk medium by a coding method of NRZ (non return to
zero) recording. When the recording data is read from
the disk medium with a head, a reproducing signal (read
signal) becomes a dipulse signal string in the

25 longitudinal magnetic recording method. On the other
hand, in the perpendicular magnetic recording method,

the reproducing signal becomes a pulse signal string



In order to inprove the above-described problem it is thought that the

| ower cut-off frequency of the read channel is decreased. However, when a
-passing band is sinply broadened, the | ow frequency noi se 25 conponent can
not be cut, which results in degradation in SNR of the reproducing signal.
Since the read anplifier is particularly sensitive - 3 to the general

| ow-frequency noise such as a 1/f noise, SNRL1s further degraded.

Accordi ngly, when the |lower cut-off frequency of the read channel is
decreased in the perpendi cul ar magnetic recording nethod, the error 5 rate
is inversely i v, QQQ?’ t I £ conpensate the
| owf requency cqg{n%g%%%%g tq(;ricogg{afw éﬁt/% i}ﬁ?@%}?t% Cgl;}s&e i ne has been
proposed (For exanpdss dguy. . Pat. Appln. KOKAI Publication No. 11-120702).
However, it 10 is difficult that the conventional nmethod is applied to the
per pendi cul ar magnetéens££PIF) NDhtyPeeHd Ehskndli VeepRedtBenghiignan the
base line of the reproducing signal is efficiently elimnated. BRI EF
SUWARY COF THE d\dE=NE i@y 15y 4 therd ciood dadioey Wi tie d eameibiof ¢t o of tlide
present invention, there is provided a disk drive which is applied to the
per pendi &l ar ndigyietdci veec cardi arge g hixbraindedsc fmaet t onf ofhe emeadng t he
conponent of the shift in the base |line of the reproducing signal. 20 The
di sk drive conpngklsteheath i ctrirhisg oy athkat bike gmas keeerded in a

di sk medi um and a read channel which reproduces recording data fromthe
data signal outPutteEl FeRALIRChehPrafier el stide. r Bl hbhneeCawefudes a
signal processing unit having |lower 25 cut-off frequency characteristics

and incl udi ng @ fIMTerTRIVRRFY AT i FRFRRRET enb? af SBRIVESWE FPRERACY noi se
o shitt in e b iodie G AEARE L TR R bt B I RES Srgng o
B Te i Ene betatifePt o AN R 6RRE%S L Gecodt ng.uni ¢ whi ch
decodes t he recordlng%gg&gréégﬁéﬁgfcgfgg ﬁégg@%icngggrggﬁ ) g{hgy,CF THE

SEVERAL VI EW5s OF THE acconpanyl raw ngs, are

i ncorporated insanck oSt Sade P ts Ohnd he; SPEGaLS catd OlowlBribhuatyat e
enbodi ments of the invention, and together wth the general description

given above andcéhisornete) |genleses | phaDhg of rélre-endogi peni 8 Bhvengbel ow,
serve to explain the principles of the invention. FIG 1 is a block diagram
showi ng a nain et lofed Scat b 8K fireqeency ocliangcteor ast bapodutrenthef the
|nvent|%% low-frequency component, a phenomenon in which a base
line of the reproducing signal is shifted is observed.
When the shift in the base line of the reproducing
signal occurs, a problem in which an error rate is
increased occurs in decoding the recording data from
20 the reproducing signal.
In order to improve the above-described problem,
it is thought that the lower cut-off frequency of the
read channel is decreased. However, when a passing
band is simply broadened, the low-frequency noise
25 component can not be cut, which results in degradation

in SNR of the reproducing signal.

Since the read amplifier is particularly sensitive



FIG 2 shows a block diagram according to another enbodinent; FIG 3 shows
a bl ock diagram according to still 20 another enbodinent; FIG 4 shows a
“flow chart for explaining data reproduci ng operation according to the
enbodi mrent FIG 5 shows an ideal sanple data according to the enbodi nent;
25 FIG 6 shows an output sanple data of an equalizer according to the
enbodi ment; FIG 7 shows output of a subtracting circuit - 5 according
to the enbodinment; FIG 8 shows output sanple data including noise in the
equal i zer according to the enbodinent FIG 9 shows out put including noise

in the 5 subtrag)ing %éﬁ%%éla éQC%hgofgg g*gﬁ %i ElG e19,8h

out put of an LPF according to t sShows sanp?é dat a

after renoving diie £OMPONEM ocﬁecw@dé@l ftA&@of@f’rbg%%h Whes tl@etbswéQ
equal i zer according to the enbodlnent PTI ON OF THE

| NVENTI ON Pr ef efiitedo £fibpek qeat sy 0 £ t fige | Py At ERanMeL | 1 heqdesesbgdihel ow
referring to the acconpanylng raw ngs. (Configuration of Disk Drive) 15

FIG 1 is a bl orke dbexgys e sohd hogn@gn@t hc pastooding dhekhddj vehaceerdirng to
t he enbodi ment. As shown in FIG 1, the disk drive of the enbodi nent
incl udes T di skratesli isn {ireeesaby t ncséapeég.referred to as disk) 1 having
magneti c anisotropy in
Conventionally, the method which can compensate
the low-frequency component to cope with the shift in
the base line has been proposed (For example, Jpn. Pat.
Appln. KOKAI Publication No. 11-120702). However, it
10 is difficult that the conventional method is applied to
the perpendicular magnetic recording type of disk drive
and the shift in the base line of the reproducing
signal is efficiently eliminated.
BRIEF SUMMARY OF THE INVENTION
15 In accordance with one embodiment of the present
invention, there is provided a disk drive which is
applied to the perpendicular magnetic recording method
and has function of removing the component of the shift
in the base line of the reproducing signal.
20 The disk drive comprises a head which reads out
a data signal recorded in a disk medium and a read
channel which reproduces recording data from the data
signal outputted from the head, wherein the read
channel includes a signal processing unit having lower
25 cut-off frequency characteristics and including

a filter circuit carrying out removal of low-frequency

noise of the data signal, an extracting unit which



20 a vertical direction, a spindle nmotor (SPM 2 rotating the disk 1, and
an actuator 4 nounting a head 3. The actuator 4 noves the head 3 in a
-radial direction of the disk 1 by driving force of a voice coil nmotor (VCM
5. The head 3 includes a read head 25 el enent which outputs a reproducing
signal (read signal) read fromthe disk 1 and a wite head el enent which
records data in witing operation. - 6 ghe_disk drive further includes a
m croprocessor (CPU) 6, a nenory 7, a hard disk controller (HDC) 8, a notor
driver 9, a read/wite channel 10, and read/wite anplifiers 11 and 12. 5

The notor drivest3dnd ‘éd%%n%o\f@\q@réﬂleé S8 mhiGh drdyves MGM S, ¢inder
control of the CPU 6 and an SPM driver 9B which drives SPM 2 under control

of the CPU 6. HPe §dtic!didesi1a giesded L AGRe & sl igkssdsemgand an
interface to the CPU 6. The host 10 interegce is g%e bé?aeen thégdisk drive

and a host syst@mtsuch dxsnperRetSionalurGiiTit Bdh arkhaval gifal cstgydeent The
disk interface is a data transfer interface to the read/wite channel 10.
The CPU 6 is aomitheotirfl idevilee nfsd heink skedd tthé v@ateands gl N ghénent
of a servo system for carrying out positioning control (servo control) of
t he head53. The CR¢®Blicunturdlts whisdeldapaied | te arterdiagkddvd | Hydmg
operation using servo data reproduced by the read/wite channel 10.
Specifically, t G drdnads. 20 and controls the VCM 5 of the actuator 4
through the VCM driver 9A. The nenory 7 includes RAM% ROM and_a_fl ash
EEPROM The meno?SlEF sPRPEBIRT EeMt PBi THF offF ddE Y REWEPDF 6 THRJPHANIYGS

ki nds of control data. In the disk drive,,the CPU 6 sets or change ﬁS
channel paraneters fot® MR+ YH %%%?%fid%hb?htﬁﬁer%%ﬁ?ﬁP?g@ Ehanne

10 through the HDC 8, As descr.ibed | ater,_the channel. paraneters incl udes
filter par arfét ¥ SORH 7 Bt 9k %ﬁf Si%‘?ch#r‘g%tja?ré’ i ncluded in
L ! PRIy M A, DAL 2 A, B o abBBer, e
the 5 paranetergs {{FGhe Rfehe Gl AWt 1dh & 1$Gh SI88v&@ and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.
FIG. 1 is a block diagram showing a main part of
15 a disk drive according to an embodiment of the
invention;
FIG. 2 shows a block diagram according to another
embodiment;
FIG. 3 shows a block diagram according to still
20 another embodiment;
FIG. 4 shows a flow chart for explaining data
reproducing operation according to the embodiment;
FIG. 5 shows an ideal sample data according to the
embodiment;
25 FIG. 6 shows an output sample data of an equalizer

according to the embodiment;

FIG. 7 shows output of a subtracting circuit



included in the read/wite channel 10, through the HDC 8. The read
anplifier 11 anplifies the reproducing signal (read signal), read out from
‘the read head 10 element in the head 3, to transmt it to the read channel
10. The wite anplifier 12 converts wite data, outputted fromthe wite
channel, into recording current to transmt it to the wite head el enent.
The read/wite channel 10 is roughly divided into 15 the wite channel for
processing the wite data and the read channel for processing the
reproduci ng signal. The read channel according to the enbodi nent will be
mai nly descri beg.bel oW, THe £8ad.£H5808L,40 is a signal processing system

20 using a PRML (partial response maximum ikelihood) nethod. The read

channel 10 decodes aFﬂGEGQr9HH@§$0&B§uEe§9@ﬁiBgdgﬁkaiBEQHHEH hepsadygi ng
signal output fromthe read anplifier 11. e read channel 10 includes a

| ow-pass filtertRd &) iddr 8OcH@irgnYErtRe ddboaidegtial equalizer 15, a
Viterbi detector 16, a high-pass filter (HPF) 17, and a variable gain

anplifier (VGA) 18. FIG.Qg9_sHbesLPEtp3tr enovedihbenbokseihi gher than a
predet erm ned frequency fromthe reproducing signal. On the other hand, the
HPF 17 i s a | ovenbttracoifigfcegoentyattcbtéinfotoctuhti agbdiemannecessary | ow
s frequency noise fromthe reproducing signal. The HPF 17 and the read
anplifier 11 have t hEIGowkP showsf putpuueficgnch&Faetepirdtings twhitbk are
particularly adapted to the perpendi cul ar nagnetic recordi ng nmethod. The
A/ D converter 19MRefiAeRE; t#edanal og 10 reproduci ng signal outputted from
the LPF 13 into a digital _sigpnal. The equalizer 15 usually includes a
digital FIR (Finite ﬁ§u|%i gﬁew5n§@¥P#P|PéFaaﬁétéauaﬁmegénﬂhéheigita|
signal in a desired PR (Partjal Response),waveform ,The,Viferbi detector 16
Ts 15 & i Mk TRRA TR oRE (ERBIREL b T ey PRSCohi MakinERPT kel | hood

deteCtingjprOceéiégﬁi%%%g?ﬁc%$%$§§g}glgﬂéiéﬂﬂgdfhg% a encoder/ decoder 19

carries out RLL decoding processing for a data series

20 detected by the Vi terBprdetes! ohstRrphiohnerinkke khafiapy the data
e

encoder/ decoder 19 carries out encodi ng processing for the wite
data. A servo decodepréBedeeqUenn8dsRENesdBEALELINAVeh8SBRIRY 1HNLR Servo

area on the disk 1 fromthe digital signa
described below referring to the accompanying drawings.
(Configuration of Disk Drive)
15 FIG. 1 is a block diagram showing a main part of
a disk drive according to the embodiment.

As shown in FIG. 1, the disk drive of the
embodiment includes a disk medium (hereinafter simply
referred to as disk) 1 having magnetic anisotropy in

20 a vertical direction, a spindle motor (SPM) 2 rotating
the disk 1, and an actuator 4 mounting a head 3.

The actuator 4 moves the head 3 in a radial
direction of the disk 1 by driving force of a voice
coil motor (VCM) 5. The head 3 includes a read head

25 element which outputs a reproducing signal (read
signal) read from the disk 1 and a write head element

which records data in writing operation.



25 outputted fromthe equalizer 15. The servo data signal is used for the
positioning control of the head 3 by the CPU 6. g _ The read channel 10
-includes the extracting unit for extracting the conponent of the shift in
the base line of the reproducing signal. The extracting unit includes an

i deal sanple data generator 21, 5 a subtracting circuit 22, |ow pass
filters (LPFs) 23 and 24 of a two-stage_cogfiguration, and a delay circuit
26. Further, the read channel 10 includes a renoving circuit (a kind of the
subtracting circuit) 25 which renoves the conponent of the shift in the

base 10 1ine (BLS), s ractedihyd heymiiiackiog. dalts A1 omibecLepceduci ng

signal. The ideal sa at a generator Isalogiccirc

generates a sanplggndat a sSefdes-after; epial izi Hg theidepdr PRipéong t he data
series exactlyn(?S c]ecoded by thyél Vi taer bi detlect or 16. Ther deBI{aypci rcuit 26

del ays the sanp e drddicr SEI i LS aalt zed 0.1 olg puiigd fromthe
equalizer to output it to the subtracting circuit 22. The delay circuit 26

del ays tine cordeeshandity dndb proicassiig dndrelz equired for 20 the Viterb
circuit 16 and the generator 21. That is to say, the delay circuit 26

adj usts the tine so Thatmatq@hadel vér t heisahpiies dat @CudpivéeadoAr emithe
equal i zer corresponds to that of the ideal sanple data. The subtracting
circuit 22 cal cidiatess EM € rrde25 dmtiviesh ehetlbanpfé doamdfzondfMe del ay
circuit 26 and the ideal sanple data (at this point, the subtracting
circuit 22 subtdzicter 13 Whicdl dzkyre IR &2 fuewer heontrol o skl e dat a) .

The LPFs 23 and 24 renmove a hjgh frequency signal conponent of an error

signal fromthEBUR T adiih P chirehided 2 diesbuipirriaec cotpdheht of the
shift in the base line (BLS) corresponding to the error 5 to the renovin
clrcuit 25 The TRt 9 41 R CarTertns CRE%: It be iPaheter s Bca
and FC2 .set in a reqgister. 27, is set or changed by the CPU 6 jn_the LPFs 23
and 24. 1 Structjlﬂ‘teelg#aﬁ slks) Hf 2%8%%%% ’%:I'I;]e F‘?chklfxrll‘r’let%%gd?sjﬁoa ive, a

servo area 100 J n& gt Pr 1 hed. | | ) ! erenti al
direction on thgfs(}'{és%i 1. 1{?haeg)a_ g@%%%%??b%%‘%%%% %%(?ag((lg%éfﬁgling track
address and seryg; L st Al ajids {9COFFele i Nsthey5€5VOrah88e200. On the 15
ot her hand, nmany concentric data tracks 101 are formed in the radial

direction on thetthskade ERCthédat@ad ) @ekcd0dhasndivided into data sectors
for recording user data. By the way, the recording nethod known as a ZBR 20

(Zone Bit Recordi ng)Thettpd bassbgenairatbredolndetriee bad kaepdliskear
recordi ng density constant in each data track unit. In the ZBR nethod, a
group ofldat a tdwmwicks dd amaire elakedtisfgaospedoi ayatemi foreterrgdngo as
zone (for exanple, 10 to 20 zones). The recording
out positioning control (servo control) of the head 3.
The CPU 6 controls a seek operation and a track
following operation using servo data reproduced by the
read/write channel 10. Specifically, the CPU 6 drives
20 and controls the VCM 5 of the actuator 4 through the
VCM driver 9A. The memory 7 includes RAM, ROM, and
a flash EEPROM. The memory 7 stores a control program
of the CPU 6 and various kinds of control data.
In the disk drive, the CPU 6 sets or changes
25 channel parameters for controlling the operation of the

read/write channel 10 through the HDC 8. As described

later, the channel parameters includes filter



25 frequency and reproduci ng frequency of the data are equalized in each
data track included in one zone. That is to say, though the recording
“frequency of the - 11 data is increased, as the data track is included
in the zone located in the outer circunferential direction on the disk 1,
the linear recording density becones constant as a whole. In other words,
in the ZBR 5 nethod, though the recording firequency of each data track is
constant within the same zone, the recording frequencies are different in
the different zones. Accordingly, the data is recorded at higher recording

frequency, as the-gdalectsask el Bshudedaihs the zope; 10 %958{16%5- n the

outer circunferential direction. (Data Reproduci ng Opefation erring to

the flow chart picFh&d4ini the & dlchdh&1 1 €07 ONgi PYroREEakLonpEn, t he
disk drive will be described below. 15 The CPU 6 decl des a target data

track (data trag®2j nclpdang ¢he @ﬁt@héeﬁéQé-Dinéh§h@§€6éﬁtﬂ9cebhﬁ0t)
according to a read command designated froma host systemthrough the HDC

8. Further, theuCPt. 6 Hecpaesitheazpnehérepd objets @enehahgekudhag the
target data 20 track (STEP S1) . Then, the CPU 6 sel ects the channel

par anet ers cor respanlieags t OF¢he Fead ®bj eanhd z6RE, ineéereghgtén 27t abl e
previously stored in the nenory 7. The channel paraneters of each zone is
set in the tablEnchededprinetizs seadi el sel ebarnethifinethpanahetees into the
read channel 10 (STEP S2). The channel paraneters includes the filter
paranmeters of t CHPF 17 and LPF 13 which - 12 are included in the read

FC2) of ihe LPEs 23 LB S42GnRER.GFooF nbf UABHLLALERCt Das EOPFREDSAPEL
oA, moves the HSRPE| FTRL PARNAT b FERLI ORConr Rt hP okSt BRA%posi 1 i ons
e Pen g o PSR e ok anl de e TELU, b L ey BREC! one
channel 10. The write amplifier 12 converts write
data, outputted from the write channel, into recording
current to transmit it to the write head element.
The read/write channel 10 is roughly divided into
15 the write channel for processing the write data and the
read channel for processing the reproducing signal.
The read channel according to the embodiment will be
mainly described below.
The read channel 10 is a signal processing system
20 using a PRML (partial response maximum likelihood)
method. The read channel 10 decodes and reproduces the
recording data from the reproducing signal output from
the read amplifier 11.
The read channel 10 includes a low-pass filter
25 (LPF) 13, an A/D converter 14, a digital equalizer 15,
a Viterbi detector 16, a high-pass filter (HPF) 17, and

a variable gain amplifier (VGA) 18.



10 the head 3 is transmitted fromthe objective data track to the read
channel 10 through the read anplifier 11. The read channel 10 processes the
“inputted reproducing signal to carry out read operation in which the
reproducing signal is decoded into the original 15 recording data (wite
data) (STEP S3). When the CPU 6 confirns through the HDC 8 that the
reproduci ng data decoded by the read channgl 10 is the error data, the CPU
6 carries out retry operation which is the read operation for the second
time (YES in 20 STEP S4 and STEP S5). The CPU 6 changes the channel

parameters set in thg, opesat] on. L STEP: S6) Ig(ggg%t%%giﬁ%g?t%gg:gumthe dat a

can be norma 25 (Extracting Operation Line) rea nthe retry

The CPU 6 repeghseddieemithed Ofedi@ddyy OPRSmttRasSrabtbhudl g deceded, (STEP S7
and STEP S8). of Conponent of Shift in Base In the perpendicular magnetic

recording type @f the dhesitsdndly ittee e 1Pads agplokéercdd-end the HPF 17,
whi ch have the | ower cut-off frequency characteristics, are used. The HPF
17 are incl udeddegudrecy el todmantet Al t Fds tibe simnsceasarghaswaet eri stics
corresponding to 5 the sanple data outputted fromthe equalizer 15 when
each | ower cut-ifdqiererpencisefftdre thadreppbdiceng 141 gmal HPFTHE HBEF
sufficiently | ow conpared with the frequency of the reproducing signal

out putted fromlthenetdhdaarpd| anehtf{¢orl bxiaapt ethe hkovenerutuofdff 10
frequency is not nore than 1/10000 of the maxi num frequency of the
reproduci ng si griE@guengy tFharyeieristics heh PR argpeabiieebdrtiannel 10,

the equalizer 15 outputs the sanple data equalized, by, e.qg., PR2 (Parti al
Response O ass ¥J2H Iy %?%i? pe] Js?@reef BRIBEE edr prORTi RS e BRod.
converter 14. FIG S,Iéﬁho Dthe dat inlglni ch.th ngkse is,not included in

t he reproduci ng sign Ief%§rs tﬂ%ngﬁﬁge]éf oﬁ?/%}ﬁ?]éﬁﬁe. Fn2PAECBR2 et hod, the
respons eco : i B AP I S ata
equalizgépby [Tﬁ?é#%géﬁféﬁn%éﬁF%ﬁi?é%&%ﬁggﬁgfff% et %vg E g$p£$t€ 2, 3, and

4. In FIG 5, fpryihe spke; Hlaconvenl enses1iherappl hiygde: L eyebs,aLe

expressed with -2, -1, 0, 17 and 2 assui ng
a digital FIR (Finite Impulse Response) filter and

equalizes the digital signal in a desired PR (Partial
Response) waveform. The Viterbi detector 16 is

15 a maximum-likelihood decoder which carries out maximum-
likelihood detecting-processing with a Viterbi
algorithm.

A data encoder/decoder 19 carries out RLL (Run

Length Limited) decoding processing for a data series

20 detected by the Viterbi detector 16. In the write
channel, the data encoder/decoder 19 carries out the
RLL encoding processing for the write data. A servo
decoder 20 decodes a servo data signal recorded in a
servo area on the disk 1 from the digital signal

25 outputted from the equalizer 15. The servo data signal
is used for the positioning control of the head 3 by

the CPU 6.



that the anplitude level of 2 is set to 0. The ideal sanple data generator
21 generates the 25 sanple data shown in FIG 5 as the ideal sanple data
-series fromthe data series exactly decoded by the Viterbi detector 16. -
14 On the other hand, FIG 6 shows the data characteristics correspondi ng
to the sanple data outputted fromthe equalizer 15 when each | ower cut-off
frequency of the read anplifier 11 and HPR17_is about 5 1/1000 of the
frequency of the reproducing signal (for exanple, the | ower cut-off
frequency is 2/1000 of the maxi mum frequency of the reproducing signal).

Even in this case, i Cé afe%gr Ahe dad %Oﬂ@]fmghtﬂgee ”E’fécfti% net i £ ncl uded

in the reproducing sign e sake conveni ence ntrast to

the ideal sanpl®, data showd rtrFé %onﬁ)or{é}?c sl ee At Brshoywnehd Flge 6

i ncludes the conponent of the shift in the base line, which is caused by
the influence afidded awd regientic Gompor 1 0f e &epragurhqousignal cut
off by the read 15 anplifier 11 and HPF ?%ﬂahlch have t he Iodgr cut - of f
frequency char agidniddd et idwealexdangslid niptopesaieatof 2he conponent of the
shift in the base line by the extracting unit will be described in the
read/ wi tse charnedukitraaft 2y tdier @nibod e ntow-Weess thel teasl OpeFali 28 i s
carried out, as described above, the reproducing signal outputted fromthe
read head el emsmd i%! privcesyeat Hadhecombidwhapret, 18ndnd debaded into the
recording data (NRZ coding 25 data). At this point, as shown in FIG 6, the
equal i zer 15 outipiAwlt b s arft et kR a W%IW%QCTGW%bn%%nb%@l‘é@e? he shift

in the base line. On the other - 15 hanpd, as shown | t he kdea
sanpl e data geﬁ%err%ﬂ‘blrn@lcjg%‘ﬁéﬁr%té% ]E:Héd|%a¢h%aﬁ’ﬁ?%rﬂ%¥*hn%eﬂ€§u{-ﬁét%1

equal i zed by the PR2 net hod UsuaII t he Viterbi et tor 6 decodes the
NRZ codi ng dat aY"%LI‘Hé PR Bt %Pﬁe%t 1é\tfe?:)rd}? uH?)u ctHaSFesponse

data (1,2, 1) fQc Uednpul, ol 12, ol e, N7 codi ngydat o frppLhe, Ler b

det ector 16 The su ct| ng circui & &trof ween 't he

actual sanple 4 y circuit 10 26 and the ideal sanple data
(At this poi ntq‘aé e&w ict ggm rcuit 22 subtracts the ideal sanple data

from the act ual sarrpmedfa@al femplovaty FherdrokheiSubl natklag Circuit
22 extracts the conponent of the shift in the base |ine (BLS) correspondi ng

to the 15 errorgircuit which generates a sample data series after
equalizing the ideal PR from the data series exactly
15 decoded by the Viterbi detector 16. The delay circuit
26 delays the sample data (data series equalized to PR)
outputted from the equalizer to output it to the
subtracting circuit 22. The delay circuit 26 delays
time corresponding to processing time required for
20 the Viterbi circuit 16 and the generator 21. That is
to say, the delay circuit 26 adjusts the time so that
a phase of the sample data outputted from the equalizer
corresponds to that of the ideal sample data.
The subtracting circuit 22 calculates an error
25 between the sample data from the delay circuit 26 and
the ideal sample data (at this point, the subtracting

circuit 22 subtracts the ideal sample data from the



As descri bed above, the conponent of the shift in the base line is caused
by the influence of the | owfrequency conponent of the reproducing signal
cut off by the read anplifier 11 and HPF 17. Therefore, 20 the conponent of
the shift in the base line includes the frequency conponent |ower than each
cut-of f frequency of the read anplifier 11 and HPF 17. Since the
reproduci ng signal inputted to the read channel 10 actually includes the

hi gh-frequency noi se, 25 the equalizer 15 outputs the sanple data including
t he noi se conponent as shown in FIG 8. Accordingly, as shown in FIG 9,
the subtractinggigiQllidad) al Sthe LpPd 28X14R2C3 5 LHR-FONPONEH, - of the shift

in the base line i'ncluding the noise conponent. As descri bed  above, the

conponent of the-shiddcy Nsidiea Dasenpbiént Net Ugese A6 f £ egigNCYrSRMPRAENT
| ower than each cut-off frequency of the read anplifier 11 and HPF 17, so

that the unnecessstiyading COMPONENE2 Camd beu terPvele f ¢ ompdhen €osporgat of
the shift in the base line (BLS) by the LPFs 23 and 24 having the sane

cut-of f frequerslyl fiGeirertehed yoddhe 1iower (BLS ) ofdr feegoedityg 100 ctiag asteotrsti cs
of the read anplifier 11 have primary HPF characteristics. The HPF 17 has
al so the Jpri maryo HRR chenrecimy icirosit A2Tor diingl yoweéhecpttofify LPF 23 which
has the cut-off frequency close to the cut-off frequency of the read
anplifier 11 i sfxgqwRnéye Whichelqsthwi Skl tenuvarandgberpr Fehrgnd PFC24 whi ch
has the cut-off frequency close to the cut-off frequency of the HPF 17 is
al so effective % the il eddval, ¥ Getirshehangaed byt Pae ©PUt ReilPF 24

and the conponent aof _the shift ip the base line (BLS) in which the
unnecessary 20 tﬂ?‘bﬁ“ﬁ% rﬂfgn%élse is renoved. In short, the LPFs 23 and
24 renoves the high-frequency noise conponent fromthe error signa
outputted from é?%ﬁ&&g%d?fﬁ%l%¥fcuit 22 and out puts the conponent of the

hift i he b [ i i . 1 i Th
Tower caof £ equengy TRt oA EXnetl i Fhertaf iRt aF v BC 2a iRy et in
the register 27y, t1gg FY £ rhSyqsst fe&@@@ﬂﬁgned'%&gﬁgbgﬁf?ﬁ LPFs 23 and

24. The renoving circuit 25 renoves the conponent o t in the base

line (output signadrBlerOfedital Rhi 2ot Xk It €de fOO I NE T ERL OGS BT
signal outputted 5 fromthe VGA 18 by the extracting unit. FIG 11 shows

t he out put of tdescaipd® skatvo ddatde(Lavnhdzieg 1baobt adaedsEr andt Bervo
reproduci ng signal in which the conponent of the shift in the base line is
renoved. The rémshghdaiacuis 26comgedeid otimedsénvbeaptacktoat anlbhe
fore-step of the VGA 18 and renove the conponent of the shift in the base
line frdmthe reproddeind Shamal coucputred dabm theckPFldY. are formed

in the radial direction on the disk 1. Each data track
101 is divided into data sectors for recording user
data.
By the way, the recording method known as a ZBR
20 (Zone Bit Recording) method has been realized in order
to keep linear recording density constant in each data
track unit., 1In the ZBR method, a group of data tracks
101 on the disk 1 is grouped in a unit referred to as
zone (for example, 10 to 20 zones). The recording
25 frequency and reproducing frequency of the data are
equalized in each data track included in one zone.

That is to say, though the recording frequency of the



At this point, as described above, it is assuned that the read operation
carried out in each zone by the 15 ZBR recording nethod in the disk drive
-of the enbodi nent. The frequency of the reproducing signal in the read
operation is different in each zone. Therefore, the conponent of the shift
in the base line, caused by the |lower cut-off frequency with the read 20
anplifier 11 and HPF 17 is different in eggh zone. The CPU 6 sets the |ower
cut-off frequency FClL of the LPF 23 to a value close to the | ower cut-off
frequency of the read anplifier 11 as the channel paraneter. The CPU 6 al so
sets the | ower -aoff £$£fn FG2. o 24t e: cl to
the | ower cut-é%#k¥ﬁé%d%ﬁ%§go th%hﬁgﬁif&géyﬁﬁéfc ah%e %%ggégtéﬁ.EEQ

However, when the d oweis il -0f frid equencyci reurdfere@fidNegLFESt 23nabd 24 i's
decreased, group delay Is increased, which allows |arge feedback del ay.

This results it tdagde-of ftid WhEdr arseimying déhs ot pfrébeneonponent of
the shift in the base line is decreased 5 though the noi se except the
conponent of therdtdrit ias thevihalse. | i he ¢shéemyeds bethethe AEBRr di ngly, the
CPU 6 adjusts each of the | ower cut-off frequencies FC1 and FC2 of the LPFs
23 and 24 so thasttHdme erhaough atlee af¢errdiocodi ngauémcdadf €achi datrhzed. 10
There is dispersion in the |lower cut-off frequencies of the read anplifier
11 and HPF 17 itradthisir¢amstatiereithen tihe CRU6zeres BaAehretordényower
cut-off frequencies FC1 and FC2 of the LPFs 23 and 24 into the read channel
10 through the Hsreneias smeudbefereny imetlie skiffeyensozehaé-the error
rate after decoding the data is mnim zed. According to the enbodinent, the
conponent of tHEEPEIINGH 1 e Ha32t2i he EacREdePy2h PAERSF EGERTE4Fhe read

[ifi 11 HPF 17 which he | t-off. 20 f b
ROy hot ot and VAT OrAT 1B I bT SG chEnrC 1 idedy SIRERE 2638 orror

db hj Lo, b i
Can bo- G3br easetb T i Abchti R (Pa ot B E EhpERETh FEAT e PERA Aber at on. | each

of the | ower cuggégg FEQQUENET 8Se &%i@ﬂﬂ FC2 of the LPFs 23 and 24
int

i ncl uded as the channel” paraneter 1n e extracting unit of the conponent

of the shift in the Raserting €8nthe adblstRArt orl@Icl.n4eqshnzene., 1his
al l ows the channel paraneter of the read channel 10 to be adjusted to the

opti mum val ue s@atdatephed@Eing 6péeat SoRi DhNMtEeddiBkdaeodengilhepdat a.
Particularly, in the case the enbodinent is applied to 5 the perpendicul ar
magneti c recor deget iped abetibsk drive, the conmponent of the shift in the
base |ine, caused by the influence of the HPF 17 for processing the
reproduciing si gnal iHoeudPlgét Heclidesf refjaepey defrpofienckof(dBCa daadke
efficiently conpensated. 10 (Mdification) For an exanple of nodification
of the enbodi meFeclugingetllesRatini secterectrthe ABAPEEAEIt REIERANge in
tenperature of an inside or envirgnnment of the disk drive wt

tenper at ure send®FCRBIAAIC AR UEEE e MBRI18CPRENRS rf68F=8f2°%Fequencies
FC1 d FC2 of the, LPFs, 23 d,_24 di to. th in the.
tenpgpature.olns¥§ge%a€%r?ﬂg Fﬁ% ﬁ@ﬁgérQ?EPEQBFrfhgggﬂggHg%oﬁﬁﬁhges

i t of i i 1..5h th
Pow { requency crisacedr; SFRES BP3s0: RenREna R aa el eyt e "
cut-off jgequencyacy (sTEP S1).

Then, the CPU 6 selects the channel parameters

corresponding to the read object zone, referring to

a table previously stored in the memory 7. The channel

parameters of each zone is set in the table. The CPU 6
25 set the selected channel parameters into the read

channel 10 (STEP S2). The channel parameters includes

the filter parameters of the HPF 17 and LPF 13 which



of the HPF 17 is usually changed. The CPU 6 can exactly extract the
conponent of the shift in the base |line and renove it fromthe reproducing
‘signal in such a manner that the CPU 6 adjusts each of the |ower 25 cut-off
frequencies FC1 and FC2 of the LPFs 23 and 24 according to the change in
the tenperature. Accordingly, conpensating-processing can be carried out

- 20 for the conponent of the shift in the base line so that the error
rate after decoding the data is mnimzed. (Another Enbodinment) FIG 2
shows a bl ock di agram according to another 5 enbodi ment. The enbodi nent

shown in FIG 2, has; & Sldaet i echd MAENADgn eXt1@Ct i fige UBhinQE1 t he

conponent of the shift 1n the base line Includes gain regulators 28 and 29

and LPFs 23 and,ZdaihOf e £4/PPI £5 1AL tdes NE19d- b4 eanensys 10ra0i 884 FO21 he
enbodi ment, inaddition to the setting of the each of the | ower cut-off

frequenci es FCloanghd&G2rod 2heahdFs4 23h el 24e 1hel &HbLb6isetsegai ns G and
GlL of the gain regulators 28 and 29 through the HDC 8 for 15 the register

27 included i n bdee+Eatecdtanfiel edOradbengoupdnent of the shift in the base
line, included in the reproducing signal (sanple data), can be extracted
wi t h hi ghb precision @nd €2Wo¢edoftoolsheheepebdatongdsihnalighythdoFtMng
such a structure. 20 (Still Another Enbodinment) FIG 3 shows a bl ock

di agr am accor di gl Yor s | eyt helre ehdadi fehl . Cifperedbadi dAeReCEhOoNONN FI G
3 has a structure in which the extracting unit of the conmponent of the
shift 25 in thethRs@i$knk i 2R upRs! hPRS r ByaI Bedd s3 28nakle2obapgtive

integrators 31 and 32 i ch have high-frequency cut-off characteristics for
suppr essi ng thég%?ﬁhtf? UERE uged n the reag object zone. Tge

reproducing signal read out by the read head element of
10 the head 3 is transmitted from the objective data track
to the read channel 10 through the read amplifier 11.
The read channel 10 processes the inputted reproducing
signal to carry out read operation in which the
reproducing signal is decoded into the original
15 recording data (write data) (STEP S3).

When the CPU 6 confirms through the HDC 8 that the
reproducing data decoded by the read channel 10 is the
error data, the CPU 6 carries out retry operation which
is the read operation for the second time (YES in

20 STEP S4 and STEP S5). The CPU 6 changes the channel
parameters set in the read channel 10 in the retry
operation (STEP S6). The CPU 6 repeats the
predetermined maximum number of retry operations until
the data can be normally decoded (STEP S7 and STEP S8).

25 (Extracting Operation of Component of Shift in Base
Line)

In the perpendicular magnetic recording type of



- 21 noise. The integrators 31 and 32 integrate the signal inputted from
the circuit 22 and include a digital integrator and an anal og i ntegrator.
-In the enbodi ment, the CPU 6 sets gains @ and GlL 5 of the gain regul ators
28 and 29 through the HDC 8 for the register 27 included in the read
channel 10. The conponent of the shift in the base Iine, included in the
reproducing signal (sanple data), can he exjracted with high precision and
renoved fromthe 10 reproduci ng signal by adopting such a structure. As
descri bed above in detail, according to the enbodi nents, the conponent of

the shift in the {%i%@e Gﬁ@sfga@y?ﬁ$91£9¥ﬁr f“én&fﬁgé HEFCLSY which

character|st|cs 0 € anal 6g CI T Cui processi ng e rep odu0|ng

signal can be secpr Héeﬁ&&éﬁtﬁ9t38§frEP@&&Qn$§08h£P§cESPiQQHSEngaﬁégna

Accordingly, particularly int case that the invention is applied to the
perpendi cul ar npgnet ithé egor di NOatyPenOiudigkidrtNe, rbh8 éﬁéﬁﬁelai@ can be
inproved in the data 20 decodi ng processing. In particular, when t

invention is appliedrte. tBGSHQWQGBQtQUbﬁérEBQQQEB@l&@C@kaégpbﬁﬂQantdlSk
drive which processes the reproduci ng signal including the pul se signal
series cdnt ai nitige tdwmp bavf degaemeypootpdnéndtmoth®Coqubligeef L Bcwhen. 25

Addi ti onal advantages and nodifications will readily occur to those skilled
in the art. Thesaflorkwehecitveffi Dneduenty OFf obdler raggesnplisiaot 1Limted
to - 22 the specific details and representative enbodi mrents shown and

descri bed her eignd AgRBr U ng$ ysufhicbeRThvdlPWcaopasednyibl fhbe wit hout
departing fromthe spirit or scope of the general _inventive concept as 5
defined by the %@%@Hﬁ@%yc¢§|%%eaﬁﬁp¥ﬁ@PFl%%uﬁ%§Fé%tQutPUttQQ fopRTERS

CLAIMED IS 1. Adisk d d d
si gnal recordedr?ﬂé:h%?éLg nﬁ{lglnggxﬁmPgﬁd E ﬁn QQSghEE Pﬁ%lugég a

[ I t .h h teristi d
Tnclaci i a 111 TerdRrtel it uie britBher ThaRond L PEHVAR SR RER Fbiency noi se
of the data sigpal @gﬁgy égdtﬂ%p?%ﬁpgdgggggegF?géi acting unit which

extracts a conpone rn-a f t he data signa

processed by the Slgﬂ§|tHEQC§é§hEg gﬂlgPiﬁgggggﬁpﬁﬁébggrggbyc Fﬁ@lrennves

t he conponent of the shift inh the base ata signal, and a

decodi ng unit who cheileceges1iherr esopdtpatdatnef sampl BeqdabacgugnakedlS 2.
The di sk drive according to claim1, wherein the signal processing unit

includes a higlbpass.§ilprre @Batbeali RéepofikecUilbsand)i dekudas digatkabl e
gain anplifier circuit and a lowpass filter. 3. The disk drive according
to claim3, wheskgmalROothpuekedattromgthai A/Dasonverter 14. FIG. 5
shows the data in which the noise is not included in
the reproducing signal for the sake of convenience. In
the PR2 method, the response becomes (1, 2, 1) for NRZ
coding data “1”. The sample data equalized by the PR2
20 method has five amplitude levels of 0, 1, 2, 3, and 4.
In FIG. 5, for the sake of convenience, the amplitude
levels are expressed with -2, -1, 0, 1, and 2 assuming
that the amplitude level of 2 is set to 0.
The ideal sample data generator 21 generates the
25 sample data shown in FIG. 5 as the ideal sample data
series from the data series exactly decoded by the

Viterbi detector 16.



a generator which generates an ideal data signal; a subtracting unit which
outputs a difference data signal according to difference between the ideal
-data signal and a data signal processed by the signal 25 processing unit;
and a filter unit including a high-frequency cut-off filter which processes
the difference data signal, the - 24 filter unit generating a signal
corresponding to the conponent of the shifity in the base line. 4. The disk
drive according to claim1l, wherein the extracting unit has: 5 a generator
whi ch generates an ideal data signal; a subtracting unit which outputs a

di fference data signgl ﬁﬁéxgﬁgg@ %g%gjz gLengeghetween t heLdeal data

signal and a data signal processe e signal processing unit; and 10 an

adjusting uni t biekidiaig & 020 N Ul ding 6 TEYl EndNdafip I 0B 5 equency

cut-off filter, process the difference data sign t he adj usting

unit generati gy Siad £k esponsing { fet hes con@eneatn of olibe shtfbren the
base line. 15 5. The disk drive according to claim1, wherein the

extracting unitfregiercgeneriti®r-add cimgene! &t €51 aand depf dat assagoat; a
subtracting unit which outputs a difference data signal according to
di fference betvieEiNihef dedad Tadt@u@bcgi ghathandeprddtaisggeagnpiocessed by
the signal processing unit; and an adjusting unit including a gain
adj usting circuffomekamplei cgratloweri ceuref f wirequenee hégh/LPeguehcy
cut-off characteristics processing the 25 difference data signal, the
adj usting unit Hemaranimgn af e greicE P f eEponaepEodecihg sbepahent BVehhe
shift in the base |ine. , i
in this case, FIG. 6 shows the data in which the noise
is not included in the reproducing signal for the sake
10 of convenience. In contrast to the ideal sample data
shown in FIG. 5, the sample data shown in FIG. 6
includes the component of the shift in the base line,
which is caused by the influence of the low-frequency
component of the reproducing signal cut off by the read
15 amplifier 11 and HPF 17 which have the lower cut-off
frequency characteristics.

The extracting operation of the component of
the shift in the base line by the extracting unit will
be described in the read/write channel 10 of

20 the embodiment.

When the read operation is carried out, as
described above, the reproducing signal outputted from
the read head element is processed by the read channel
10 and decoded into the recording data (NRZ coding

25 data). At this point, as shown in FIG. 6, the

equalizer 15 outputs the sample data including the

component of the shift in the base line. On the other



- 25 6. The disk drive according to claim3, further conprising a
paraneter adjusting unit which adjusts a cut-off frequency paraneter of the
-hi gh-frequency cut-off filter included in the extracting unit. 5 7. The
di sk drive according to claim4, further conprising a paranmeter adjusting
unit which adjusts a cut-off frequency paraneter of the high-frequency
cutoff filter included in the extracting yit _and a gain paraneter set into
the gain adjusting circuit. 10 8. The disk drive according to claimb5,
further conprising a paranmeter adjusting unit which adjusts a gain

paraneter set i the gsq{d%rgdiély:ii@g £1 1S tivé]élé:i uwdledi o e, extracting

unit. 9. A disk drive using a medi um i n Ich a 15 plurality of groups

of data tracks Ogéa{efaeé‘&r & NGy h S e $1 AR 1 dsa T 05 Imsh dYa e pespends cul ar
magneti c recordi ng method and each group of data tracks is nmanaged in each

plurality of zopfssa CIHISIdW bR hea kD feasb@Ul aushadrliemal recorded
in 20 a disk nediumin read operation; and a read channel to process the

data signal outypid:ash fdeotedher headidyode PRV SIRMatoPtwgedstag nehbod to
reproduce recordi ng data, wherein the read channel includes: 25 a high-pass
filter ciscuit ldedngsdroner datta oféndratprenty chigpacs ethstrespansegnal
processi ng unit which generates sanple - 26 data obtained fromthe data
si gnal outputtetkfa oMt & hilghtpastheiineet cofcllt o BheRRYpecdingavef orm

equal i zi ng processing; a decoding unit to decode the recording data fromb5
the sanpl e dat glata from the Viterbi detector 16

The subtracting circuit 22 calculates the error
between the actual sample data from the delay circuit
10 26 and the ideal sample data (At this point, the
subtracting circuit 22 subtracts the ideal sample data
from the actual sample data). As shown in FIG. 7, the
subtracting circuit 22 extracts the component of the
shift in the base line (BLS) corresponding to the
15 error.

As described above, the component of the shift in
the base line is caused by the influence of the
low-frequency component of the reproducing signal cut
off by the read amplifier 11 and HPF 17. Therefore,

20 the component of the shift in the base line includes
the frequency component lower than each cut-off
frequency of the read amplifier 11 and HPF 17.

Since the reproducing signal inputted to the read

channel 10 actually includes the high-frequency noise,
25 the equalizer 15 outputs the sample data including the
noise component as shown in FIG. 8. Accordingly, as

shown in FIG. 9, the subtracting circuit 22 also



an extracting unit which extracts a conponent of a shift in a base line
included in the data signal according to difference data between the sanple
‘data and an ideal sanple data; and 10 a conpensating unit which renoves the
conponent of the shift in the base line fromthe data signal to transmt
the data signal to the signal processing unit. 10. The disk drive according
to claim9, wherein the decoding unit includes a Viterbi detector which 15
carries out M. type of data detection processing fromthe sanple data, and
whi ch further conprising a generator which generates the ideal sanple data

froma data serdps gotected Bmdbieedl | SEDLy debhebor o lin The di gkadri ve

according to claim9, wherein e extracting unit inc S a

hi gh-frequency cnedfnd i thernahish-onosssses the diféersnge data, signal,
and which further conprising a paraneter adjusting unit which adjusts a

cut-of f frequensympmiaietef e tdiei bt ghnfeeguensy ctuheofhciilhkgr taecordi ng
to a zone of 25 a read object decided in the read operation. 12. The disk

drive accordi ngftegudrad yn Sompireset Nl ddrer exhancéholy cattofnckudgseacy

hi gh-frequency cut -of f - 27 filter and a gain adjusting circuit which
process the di fderigneererd carp hinfiler ahtl avd chPFutl 7 hesocohpti sheg a
paraneter adjusting unit which adjusts a cut-off frequency paraneter of the
hi gh-frequency WineeR$s& Y hebse apempogaih pan dpet cemeeedi irohethai n
adjusting circuit according to a zone of a read obiect decided in the read
operation. 13. GH&PWIK R F viehacedt 8F njrt bhelhapeolinmedBLAE) t h¥ &keracting
unit includes integrating circuit and 10 a gain adjusting circuit which
have high-freqﬂgﬂ%? ﬁ%ta% fgﬁﬁ%?%k?%r?g?i%%m%r%EEE%fﬁgf¥ﬁ§uGPFYerence dat a

[ |, d which furth i Si dj ust i it which
Zh?ﬂgts gngainlgarau ?%géggggPﬁhghggﬁgfﬁggg?ggg{ﬁge%EEBEQ? gggordihg to a
f 15 ' - ' [ h ' 4. The.disk dri
rccording to ol e SRR o e (he Nt oot T amEnr P hot haHevE HE SHeFYequency

cut-of f filter phy chhProcesses:{dbe, difﬁéfﬁﬁﬁeﬁaﬁ%?ég&é' thé”grmg.‘&p
iC -of f

further conprising a paranmeter adjusting unit 20 adjusts a cu

parameter of thephiGhutdCerensyi&sit - dhécbiiigglaccondi pihard tepPoRature
val ue detected in the read operation. 15. The disk drive accdording to claim

9, wherein the wxidlacidNothdi dut-ret HdEBequEn - E1688en6YLREt cQElo2E fil ter
and a gain adjusting circuit which process the difference data signal, and
whi ch further chmrpyieioy af peiamedésd amplUsEiag Uhi tswBfebcadirgsts aheut - of f
15 noise removal. The primary LPF 24 which has the
cut-off frequency close to the cut-off frequency of the
HPF 17 is also effective to the noise removal. FIG. 10
shows the output of the LPF 24 and the component of the
shift in the base line (BLS) in which the unnecessary
20 high-frequency noise is removed.

In short, the LPFs 23 and 24 removes the
high-frequency noise component from the error signal
outputted from the subtracting circuit 22 and outputs
the component of the shift in the base line (BLS)

25 corresponding to the error signal. The lower cut-off
frequency, which is the filter parameters FCl and FC2

set in the register 27 by the CPU 6, is set or changed



- 28 frequency paraneter of the high-frequency cut-off filter and a gain
paraneter set in the gain adjusting circuit according to a tenperature

-val ue detected in the read operation. 5 16. The disk drive according to
claim9, wherein the extracting unit includes an integrating circuit and a
gain adjusting circuit which have the high-frequency cut-off
characteristics processing the differencedata signal, and which further
conprising a paranmeter 10 adjusting unit which adjusts a gain paraneter set
in the gain adjusting circuit according to a tenperature val ue detected in

the read operatjpnnhdapdde i gks ki ve according to claim9, further
conprising: a retry control unit which carries out 15 retry of the read

operation in the casgnd hadnéeifg decpgedt byst FEneee90tRE UBnboh&ner 6er data
in the read operation; and a paraneter adjusting unit which adjusts a
cut-of f frequengye piiameter e thesdi Dind r esiueney €unof fBLs| derthacl uded
in the extracting unit in the 20 retry operation. 18. The disk drive
according to cllaPM®4) wrereaatddief vt rigled | negprodicimel sidesah dugbuttedquency
cut-off filter and a gain adjusting circuit which process the difference
data sigral, antirawnitdie f\GA het kynphé séxgr@stng etmyt cont @l ULhi shewisch
carries out retry of the read operation in the case that_ data decoded by

t he decodi ng urftite j@utporofathe | sampke réakle operiate opduahtzer-129 a

par amet er adj usting, unit_which adjusts a cut-off freguency paraneter of the
hi gh-frequency RE3 5193 1F1R hRdt SPHRIRCPAT afrb¥R? L sk YRi€hetB&in

adjusting circuit in the retry operation. 5 19. The, di sk drive agcording to
oo " er o gommhent G e SR BL I PR e Past nl LBt ot nEoRETE L and a
ain adjustin ircuit which have.the.hi gh-freguenc ut-of f

charact eristi cslbY ot RT TT P it F of BrikeY it o RF el FOARY BARERSY BFt Rer

conpri si are C o) i L C I o] r he-r
ppgpatidﬂgin tréé%%sggééaéfégﬁgn%%%gg%dg%§a%%%gg%cg%?ngéﬁﬁ?ﬁgFg g?rgggdata
in the read 0pe§@$f9”§na@ﬁeabQ@éaﬂPﬁ@rfﬁghU§ﬁé”Eeﬁ?b&u&@h&hsﬁ hHsts a

cut-of f frequency paraneter of the high-frequency cut-off filfer and a 15

gai n paraneter sgtputtddergahntid gsfFing.circuit in the retry operation.
20. A read channel which is applied to a disk drive using a head to read

out a data signal rerbrtetlsi poant} sksnadsupibgdaapervpendtcubanseageet i c
recordi ng 20 met hod and processes the data signal outputted fromthe head
by a PRWM. si gnathat otles sregd nepévationr eproiledecntecondeaghdabag bgnphesi ng:
a high-pass filter having |lower cut-off frequency characteristics 25 a

si gnal processi R unéconhinh mebeodt s theptiésdadaivet afntbefrom t he data
signal outputted fromthe high-pass filter circuit by a PR type of waveform
- 30 equalizi ngPPdtBeRT ng; The dEedanARCYnPf thedkeByediRénNFeédfBrhgidat a

fromthe sanple _data;, an extracting unit _which extracts a conponent of a 5
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20 amplifier 11 and HPF 17 is different in each zone.

The CPU 6 sets the lower cut-off frequency FCl of
the LPF 23 to a value close to the lower cut-off
frequency of the read amplifier 11 as the channel
parameter. The CPU 6 also sets the lower cut-off

25 frequency FC2 of the LPF 24 to a value close to the
lower cut-off frequency of the HPF 17 as the channel

parameter. However, when the lower cut-off frequency
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1(10%@ @ & () - Héprd@¥&ikd-signal. Accordingly, the error rate caused

by the factor of the component of the shift in the base

line can be decreased in decoding the data. Further,

in the read operation, each of the lower cut-off

25 frequencies FCl and FC2 of the LPFs 23 and 24 included
as the channel parameter in the extracting unit of the

component of the shift in the base line can be adjusted
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- 10 +0 read channel 10 to be adjusted to the optimum value so
that the error rate is minimized in decoding the data.
Particularly, in the case the embodiment is applied to

5 the perpendicular magnetic recording type of disk
drive, the component of the shift in the base line,
caused by the influence of the HPF 17 for processing
the reproducing signal including the low-frequency
component of DC, can be efficiently compensated.

10 (Modification)

For an example of modification of the embodiment,
in the disk drive, the CPU 6 monitors the change in
temperature of an inside or environment of the disk
drive with a temperature sensor 30 and adjusts each of

15 the lower cut-off frequencies FCl and FC2 of the LPFs
23 and 24 according to the change in the temperature.

In the case that the temperature of the inside or
the environment of the disk drive has been changed, the
parameter such as the low-frequency characteristics of

20 the read amplifier 11 and the lower cut-off frequency
of the HPF 17 is usually changed. The CPU 6 can
exactly extract the component of the shift in the base
line and remove it from the reproducing signal in such
a manner that the CPU 6 adjusts each of the lower

25 cut-off frequencies FCl and FC2 of the LPFs 23 and 24
according to the change in the temperature.

Accordingly, compensating-processing can be carried out
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the error rate after decoding the data is minimized.
(Another Embodiment)

FIG. 2 shows a block diagram according to another

5 embodiment.

The embodiment shown in FIG. 2 has a structure in
which the extracting unit of the component of the shift
in the base line includes gain regulators 28 and 29 and
LPFs 23 and 24 for suppressing the high-frequency

10 noise.

In the embodiment, in addition to the setting of
the each of the lower cut-off frequencies FC1l and FC2
of the LPFs 23 and 24, the CPU 6 sets gains G2 and Gl
of the gain regulators 28 and 29 through the HDC 8 for

15 the register 27 included in the read channel 10.

The component of the shift in the base line,
included in the reproducing signal (sample data), can
be extracted with high precision and removed from the
reproducing signal by adopting such a structure.

20 (Still Another Embodiment)

FIG. 3 shows a block diagram according to still
another embodiment.

The embodiment shown in FIG. 3 has a structure in
which the extracting unit of the component of the shift

25 in the base line includes gain regulators 28 and 29 and
integrators 31 and 32 which have high-frequency cut-off

characteristics for suppressing the high-frequency
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inputted from the circuit 22 and include a digital
integrator and an analog integrator.

In the embodiment, the CPU 6 sets gains G2 and Gl

5 of the gain regulators 28 and 29 through the HDC 8 for
the register 27 included in the read channel 10,

The component of the shift in the base line,
included in the reproducing signal (sample data), can
be extracted with high precision and removed from the

10 reproducing signal by adopting such a structure.

As described above in detail, according to the
embodiments, the component of the shift in the base
line caused by the lower cut-off frequency
characteristics of the analog circuit for processing

15 the reproducing signal can be securely extracted and
removed from the reproducing signal. Accordingly,
particularly in the case that the invention is applied
to the perpendicular magnetic recording type of disk
drive, the error rate can be improved in the data

20 decoding processing. In particular, when the invention
is applied to the perpendicular magnetic recording type
of disk drive which processes the reproducing signal
including the pulse signal series containing the low-
frequency component of DC, it 1is effective.

25 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to
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a head which reads out a data signal recorded in a
disk medium; and
5 a read channel which includes a signal processing
unit having lower cut-off frequency characteristics and
including a filter circuit which carries out removal of
low-frequency noise of the data signal outputted from
the head, an extracting unit which extracts a component

10 of a shift in a base line of the data signal processed
by the signal processing unit, a compensating unit
which removes the component of the shift in the base
line from the data signal, and a decoding unit which
decodes the recording data from the data signal.

15 2. The disk drive according to claim 1, wherein
the signal processing unit includes a high-pass filter
as the filter circuit and includes a variable gain
amplifier circuit and a low-pass filter.

3. The disk drive according to claim 1, wherein

20 the extracting unit has:

a generator which generates an ideal data signal;

a subtracting unit which outputs a difference data
signal according to difference between the ideal data
signal and a data signal processed by the signal

25 processing unit; and

a filter unit including a high-frequency cut-off

filter which processes the difference data signal, the
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the extracting unit has:
5 a generator which generates an ideal data signal;
a subtracting unit which outputs a difference data
signal according to difference between the ideal data
signal and a data signal processed by the signal
processing unit; and
10 an adjusting unit including a gain adjusting
circuit and a high-frequency cut-off filter, which
process the difference data signal, the adjusting unit
generating a signal corresponding to the component of
the shift in the base line.
15 5. The disk drive according to claim 1, wherein
the extracting unit has:
a generator which generates an ideal data signal;
a subtracting unit which outputs a difference data
signal according to difference between the ideal data
20 signal and a data signal processed by the signal
processing unit; and
an adjusting unit including a gain adjusting
circuit and an integrating circuit, which have high-
frequency cut-off characteristics processing the
25 difference data signal, the adjusting unit generating a
signal corresponding to the component of the shift in

the base line.
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cut-off filter included in the extracting unit.

5 7. The disk drive according to claim 4, further
comprising a parameter adjusting unit which adjusts a
cut-off frequency parameter of the high-frequency cut-
off filter included in the extracting unit and a gain
parameter set into the gain adjusting circuit.

10 8. The disk drive according to claim 5, further
comprising a parameter adjusting unit which adjusts
a gain parameter set into the gain adjusting circuit
included in the extracting unit.
9. A disk drive using a disk medium in which a
15 plurality of groups of data tracks for recording a data
signal is formed by a perpendicular magnetic recording
method and each group of data tracks is managed in each
plurality of zones, comprising:
a head to read out a data signal recorded in
20 a disk medium in read operation; and
a read channel to process the data signal
outputted from the head by a PRML signal processing
method to reproduce recording data,
wherein the read channel includes:
25 a high-pass filter circuit having lower cut-off
frequency characteristics;

a signal processing unit which generates sample
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s'10%& () - equalizing processing;
a decoding unit to decode the recording data from
5 the sample data;
an extracting unit which extracts a component of
a shift in a base line included in the data signal
according to difference data between the sample data
and an ideal sample data; and
10 a compensating unit which removes the component of
the shift in the base line from the data signal to
transmit the data signal to the signal processing unit.
10. The disk drive according to claim 9, wherein
the decoding unit includes a Viterbi detector which
15 carries out ML type of data detection processing from
the sample data, and which further comprising
a generator which generates the ideal sample data from
a data series detected by the Viterbi detector.
11. The disk drive according to claim 9, wherein
20 the extracting unit includes a high-frequency cut-off
filter which processes the difference data signal, and
which further comprising a parameter adjusting unit
which adjusts a cut-off frequency parameter of the
high-frequency cut-off filter according to a zone of
25 a read object decided in the read operation.
12. The disk drive according to claim 9, wherein

the extracting unit includes a high-frequency cut-off
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109%& () - a parameter adjusting unit which adjusts a cut-off
frequency parameter of the high-frequency cut-off
5 filter and a gain parameter set in the gain adjusting
circuit according to a zone of a read object decided in
the read operation.

13. The disk drive according to claim 9, wherein
the extracting unit includes an integrating circuit and

10 a gain adjusting circuit which have high-frequency
cut-off characteristics processing the difference data
signal, and which further comprising a parameter
adjusting unit which adjusts a gain parameter set in
the gain adjusting circuit according to a zone of a

15 read object decided in the read operation.

14. The disk drive according to claim 9, wherein
the extracting unit includes a high-frequency cut-off
filter which processes the difference data signal, and
which further comprising a parameter adjusting unit

20 which adjusts a cut-off parameter of the high-frequency
cut-off filter according to a temperature value
detected in the read operation.

15. The disk drive according to claim 9, wherein
the extracting unit includes a high-frequency cut-off

25 filter and a gain adjusting circuit which process the
difference data signal, and which further comprising

a parameter adjusting unit which adjusts a cut-off



'10968& ()- , MLOYBE& ()- Lf1096& ()- mLO%B& ()- 10\\ wawx2xCxwx3ydE7@ !
1096& ()-t, 1096& ()- ~T109B& ()- |109B& ()-  109B& ()-
-GLOYB& () - 3yfyyyyzNedET@!, 109B& ()- +109%& ()- ,)GLOYG& ()-L' 1096& () -
| 97 109B& ()-# "109%& ()-Nzczzzz1{g{dE7T@! 8' 109%G& ()- 96@109%B& () -

| 4810968 ()- y2z109%& ()- 0109B& ()- .TL09& ()-g{viw x{y{{{{|bCF

10948 () - S10%H& () - s10%& () - f smL0%H& () - ;505 105 105

91096& ()- | H z| K} ~}}}dEbC! T10%4& () -

310%4& ()-S"10%4& () - 10%4& () -s! 10%4& () - g10%+& () -} ~7~r ~~~dEbC!

S) 910%& () - s"AHLQI* ) pardfBf& (O #HOMR ) £rd SIAER L e-o11
filter and a gain parameter set in the gain adjusting
circuit according to a temperature value detected in
the read operation.

5 16. The disk drive according to claim 9, wherein
the extracting unit includes an integrating circuit and
a gain adjusting circuit which have the high-frequency
cut-off characteristics processing the difference data
signal, and which further comprising a parameter

10 adjusting unit which adjusts a gain parameter set in
the gain adjusting circuit according to a temperature
value detected in the read operation.

17. The disk drive according to claim 9, further
comprising: a retry control unit which carries out

15 retry of the read operation in the case that data
decoded by the decoding unit is error data in the read
operation; and a parameter adjusting unit which adjusts
a cut-off frequency parameter of the high-frequency
cut-off filter included in the extracting unit in the

20 retry operation.

18. The disk drive according to claim 9, wherein
the extracting unit includes a high-frequency cut-off
filter and a gain adjusting circuit which process the
difference data signal, and which further comprising

25 a retry control unit which carries out retry of the
read operation in the case that data decoded by the

decoding unit is error data in the read operation; and
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circuit in the retry operation.
5 19. The disk drive according to claim 1, wherein
the extracting unit includes a integrating circuit and
a gain adjusting circuit which have the high-frequency
cut-off characteristics processing the difference data
signal, and which further comprising a retry control
10 unit which carries out retry of the read operation in
the case that data decoded by the decoding unit is
error data in the read operation; and a parameter
adjusting unit which adjusts a cut-off frequency
parameter of the high-frequency cut-off filter and a
15 gain parameter set in the gain adjusting circuit in the
retry operation.

20. A read channel which is applied to a disk
drive using a head to read out a data signal recorded
in a disk medium by a perpendicular magnetic recording

20 method and processes the data signal outputted from the
head by a PRML signal processing method to reproduce
recording data, comprising:

a high-pass filter having lower cut-off frequency
characteristics;

25 a signal processing unit which generates sample
data obtained from the data signal outputted from the

high-pass filter circuit by a PR type of waveform



" 10%& ()-y!" 10%H& ()-yss! 10%4& ()-f!xss! 100HH8 ()-f{{YK=/ 10 10
101 4" 109" () -5 4" 1098& ()-5 210%4& ()-1s' -#10%H& ()- |Js' - #10%V& ()-
“1dEK=/ 10 1010%-4& ()- 310%4& ()- 3

10948 () - SLO%H&' () - SMLO%HE' () - f S10%+&' () - | RIEK=/ 10 10 !

10%4&' () - GLOYHE ()- 10%4&' ()- 310%4& ()-SS 10%4& ()- 310%& () - 8kadEK=/ 10
10-" 10048’ () - +FL0%& ()- @ L0%&' ()- ' H9AR () - UGLOYHS! () - #S

10%4&' () - 41 4PdEK=/ 10 10 @10%& ()-L6"10%4& ()- | 410%& ()- 210%& ()-
0 10%4&' ()- . 10%& ()-PbC 10 10 10%g& ()- ,' 10%& ()-
910%& () - LmO0% &1 D17 40H JOessing;

a decoding unit to decode the recording data from
the sample data;

an extracting unit which extracts a component of a

5 shift in a base line included in the data signal

according to difference data between the sample data
and an ideal sample data, the extracting unit including
an integrating circuit or a gain adjusting circuit
which has a high-frequency cut-off filter or high-

10 frequency cut-off characteristics and generating a
signal corresponding to the component of the shift in
the base line;

a compensating unit to remove the component of the
shift in the base line from the data signal to transmit

15 the data signal to the signal processing unit; and

a register to adjust a cut-off frequency parameter
of the high-frequency cut-off filter and a gain
parameter set in the gain adjusting circuit.

21. A method of data reproducing for a disk drive

20 having a disk medium and a read channel which includes
an unit for extracting a component of a shift in a base
line included in a data signal, the method comprising:

decoding recording data from the data signal
recorded in the disk medium in read operation;

25 deciding whether or not the decoded data is error
data in the read operation;

starting retry of the read operation in the case
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adjusting channel parameters of the read channel
in the retry operation, the channel parameters

including various kinds of parameters concerning

extracting processing of the unit.



