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5 The prese | generally relates to the file of disk drives
adopting a magneti c recording system and nore particularly

to a wite conp&¥¥eion facility when recording data on a disk. In recent
years, in a disk drive field as 10 typifi,ed _by a hard disk drive, a disk

drive adopti i cul ar nmagnetic HECording nmet hod has attracted

?tteptigp aﬁmﬁmmmmﬁmmmmﬁ foa_exceedLng alimt in recordhpg ?ensity in a
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20 an anpli tu%ﬁEﬁf&%ﬁiMEweﬁ&&ﬂN@%ﬁ%léﬁ% ead head is, as
vari etic

shown in FIG es at a nagn ransition position , and this

signal has a rectangul ar Si@@%kdﬁﬁﬁ%kpkﬁ‘ﬁﬁﬁflh@% i tude corresponds to
the direction of magnetization. 25 Usually, 1n the disk drive adopting the

per pendiscul ar magnethg pLEQERE NOnGBANOSn §88FE£RDy StINRObEQI pRE by the
read head is, as shown in - 2 FIG 5C converted into a differenti al

waveform by a i fd eserdisht &ieal taddptsndlid fesasdndl cvbyefmignéeral |y has
a maxi mum anplitude at the nmagnetic transition position 52. us, there can
be obtai ned 5 rsdghedind 1¢ ¥ tdmyviagd dudfereant t pogpl 4 ngdet gpod awtites
compensation facility when recording data on a disk.
In recent years, in a disk drive field as
10 typified by a hard disk drive, a disk drive adopting
a perpendicular magnetic recording method has
attracted attention as a technique for exceeding
a limit in recording density in a longitudinal
magnetic recording method.
15 In the perpendicular magnetic recording system,
when digital data (0/1) is recorded on a disk which is
a storage medium, a magnetization area corrésponding
to the data is formed in the perpendicular direction
(depth direction). In the data read operation,
20 an amplitude of a read signal waveform 51 output
from a read head is, as shown in FIG. 5B varies at
a magnetic transition position 52, and this signal
has a rectangular signal waveform that the amplitude
corresponds to the direction of magnetization.
25 Usually, in the disk drive adopting the

perpendicular magnetic recording method, the read

signal ®6btained by the read head is, as shown in



*.in ‘accordance with transition fromthe differential waveform from

magneti zation in the positive direction into nagnetization in the negative
direction, and from magnetization in the negative direction into 10
magnetization in the positive direction. In recent disk drives, there is
adopted a magnetic head in which a read head and a wite head are

separately nounted on a slider. In the dbsk drive adopting the
per pendi cul ar magnetic recordi ng nethod, 15 the read head is usually a head

consisting of a GNR (glant nagnetore5|st|ve) el enent, as S|nllar to the
drive for |ongi netic,recordin t he, o her the wite
he:a\(; i s usual ?Et/lt g|%°’8% Jééﬁ?/p]en%%a?lj &2%%]}5%%1?]: é"’aY‘?f IFf% }i)%r pen::h cul ar
magneti c recordi e disk drive hown, i knomm that a
no% li near di t C?ﬁ% Gfr%t ﬁecfja]fcelbi%s a e r%]dﬂfc%lf tha?t LWaa‘f?

characteristi c Selae a‘mlﬂmt @_g Qeaaéd tlﬂ% V}?vgnrﬁqirm di stortion, 25

t herefore, eX|s e read ‘signal r mout He read head I n

t he dat - 3
wa\e/ef gr% rgpgonvert%%ﬁ%%ai%r%g?ze vvave}?é&om %aﬁ[kﬁ % er ent| al
circuit.g\At thatqgld ne, (mﬁmﬂ%cﬂ&eé&tté}@ﬁﬁ%rﬁoﬁwnon

cal |l ed b|t shlft that a peak position of the differenti‘al waveform5

shifts. In shord ,add®rdddcs i th dtheard 9i @i sh Stiedi | e ofi ther ek si gnal
wavef orm occurs in the perpendi cul ar magnetic recording type disk drive.

When the bit shddd o cht e heyqnet bre ted droviabl the apgei ooeairdirddtiisorcan be a
factor of occurrence of a read error that 10 data can not be normally
rest or ed. into magnetization in the negative direction, and
from magnetization in the negative direction into
10 magnetization in the positive direction.
In recent disk drives, there is adopted
a magnetic head in which a read head and a write head
are separately mounted on a slider. 1In the disk drive
adopting the perpendicular magnetic recording method,
15 the read head is usually a head consisting of a GMR
(giant magnetoresistive) element, as similar to the
drive for longitudinal magnetic recording.
On the other hand, the write head is usually
a single pole type head.
20 Meanwhile, in the perpendicular magnetic
recording type disk drive, as shown in FIG. 5A, it is
known that a non-linear distortion is generated as
a reproduction saturation characteristic in a GMR
element of the read head. A waveform distortion,
25 therefore, exists in the read signal waveform output

from the read head. In the data reproduction

operation, as described above, the read signal



I ncidental ly, since the non-linear distortion of the read head occurs as
the vertical asymmetry property of the read signal waveformin the

| ongi tudi nal nagnetic recording type disk drive, 15 the bit shift
phenomenon due to this distortion does not have to be taken into
consideration. FIG 6 is a view showi ng the relationship between an out put
(anplitude) of a read signal during the read operation and the bit shift
(peak shift). That is, 20 although a quantity of bit shift differs
dependi ng on an output value of the read signal, this quantity

Vel o 60) | hAGURER Rorids Loy e traté?laﬁ%%ﬁ SRS Rt sl
50 of th 25 f

anpﬁltudg vaILes) g?%§§g%w§%ge 4% |nffﬁe§@€ 3y gn%%nr%Pﬁgaﬁrgpgfo?tlon
I's 1ncreased. 52& CRVAr 3Rl Y SMIE R e*ﬁ%n\(e)%%‘?{’%%%f A9t $ryF! ! (when 0

is a center, a ran inthe vicinity har acteristic can be

consi der ed ast?a%u% %a%&!%bgﬁth' e Q%%r gg%?%g iT%a%%ggt , |n a data

bit 5 string o si gnal e process ite

confirmed t hatshtllleb' t 1¢hishiorits aple 13 tOGRYFH @uteh%or %a‘iiil%'tg)'}%llo‘ﬂavef Or m
(differential waveform when its bit interval is | ong. Here, usually,

assuning that o Bhe rbad $idn=af @aeRFRrmlddie Diiln itheepédipangiidat-er ni ned
by a nunber of bits "0" generated between this bit and a next bit "1". In

ot her words, \Waenmagthattd csirgalrdiay & vihat alipat teriveshi ¢thens the3bi@r above
pattern, the bit shift is apt to occur in the read signal (differential
wavef ornm) . 15 s0d fitherhdicherd shegonicn aphe ldaseldfe aapatet @cacuwsi,clthiis | ess
than the 3T pattern, it is confirmed that the bit shift is contrary hard to
be generat ed. caasb@aﬁlﬁaqt@rtmé|ﬁ9qwmnmn@@|@¢ @adgeed erregortdiatg type di sk
drive, since there occurs the bit 20 shift due to the non-linear distortion
genera@@d in Chdar €3a §P§n§@ W@F@P&r%<ﬁﬂﬁﬁﬂ ‘omthe read head, a wite

conpensation facilit requi red .in order tg}ﬁpuye t@l éﬂ;ﬁ?(ﬁﬂ As a
prior art, there |§ﬁ§%ﬁ;ﬂ$§§ rconpEifsdtifofon-1inear dis ©
of the read head occurs as the vertical asymmetry
property of the read signal waveform in the
longitudinal magnetic recording type disk drive,

15 the bit shift phenomenon due to this distortion does
not have to be taken into consideration.

FIG. 6 is a view showing the relationship between
an output (amplitude) of a read signal during the read
operation and the bit shift (peak shift). That is,

20 although a quantity of bit shift differs depending on
an output value of the read signal, this quantity
exponentially drops at a given output value or smaller
values (threshold value 60). In other words, in the
MR reproduction saturation characteristic 50 of the

25 read head shown in FIG. 5A, when a response range
(range of amplitude values) becomes large, the

influence of the non-linear distortion is increased.
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25 net hod by which an inversion position at which generation of the
non-linear bit shift is expected is detected in advance and this inversion
position is r - 5 shifted in the reverse direction of the non-linear bit
shift (for exanple, see Jpn. Pat. Appln. KOKAI Publication No.

2000-207704) . Further, in order to elimnate the bit shift due to remaining

magneti zation 5 in the history, there is proposed a conpensati on nethod by

whi ch a demagnetization function is provﬁdea to the head (for exanple, see

Jpn. Pat. Appln. KOKAI Publication No. 7-134804, U.S. Patent Publication
USP 5, 963, 385, and U. S. Patent Publ i cati on USP 10 6, 038, 093 Furt her nore,

there is al so SIS %.W%%&W%H%l%mﬁ%t N§Mhe bit shift
due to nmagnetization |n t he histor rform.ng direct-current deletion

i medi at el y bé)fd'rsear&%’rtcﬁrng § LG dﬁb e CiPTY pheregddin.t |
Publication 15.No. 11-86 all of,the abo net ho are net hods
for conpensatﬂﬂfﬁq? Q£%é%ﬁ#fanJ%}tQ9q§ﬁ§;%ﬁq1 (ﬁ%?t escri bed
above, it is i %osasrl tg te,It dBTL Shl ft ecpa atbe‘ghq: based on the

20 reproductlon arac erl |c o he red d dnd interval of the

data biftg stri ’}.Qrcifeq”i'ﬁ daatdaat'%l q:}naz-,g realﬁesw\gs‘% Tlil% Idy\(}_:rl\{lg ON It is an

obj ect of the pres I nvention Ite conpensatlon facility

whi ch can compgnsate sfori & Qeoxmtrnﬁéa ftthachEi:Hé) S tHitAton JeRAr aled in a
read signal waveformfroma read head in a perpendi cul ar magnetic

recording typeddsk iof itt ﬂéhcﬁ@l@ffﬂn%wﬁ&nﬁnwlmntcﬂaﬂ he present
invention, there is provided a disk drive including
waveform) when its bit interval is long. Here,
usually, assuming that a bit "1" is a reference,
10 the bit interval is determined by a number of bits
"0" generated between this bit and a next bit "1".
In other words, when a data signal has a data pattern
which is a 3T or above pattern, the bit shift is apt
to occur in the read signal (differential waveform).
15 On the other hand, in the case of a pattern which is
less than the 3T pattern, it is confirmed that the bit
shift is contrary hard to be generated.
Basically, in the perpendicular magnetic
recording type disk drive, since there occurs the bit
20 shift due to the non-linear distortion generated in
the read signal waveform output from the read head,
a write compensation facility is required in order to
solve this problem.
As a prior art, there is proposed a compensation
25 method by which an inversion position at which

generation of the non-linear bit shift is expected is

detected in advance and this inversion position is



" facilities to wite conpensation of perpendicular 5 magnetic recording. The
di sk drive conprises: a disk capable of magnetically recording a data
signal by a perpendicul ar magnetic recordi ng nethod a head which includes a
wite head to wite the data signal onto the disk and a read head to read
the 10 data signal fromthe disk; a wite conpensator which executes wite
conpensation in order to suppress the_bié shift based on a predeterm ned
rel ati onship between bit shift due to a distortion in a read signal
waveform fromthe 15 read head and a data bit string of the data signal;
device whi ch recqrds the data_ signal Mﬁlte conpensated

ard o %2 TeSR g doriee WILEnLenRidniile, AR

11 onel onfeet 3,3 9YANLadEe Bl LG LAYETLan, Wt b aghyforth n (he
Goser L1 o0 BT BRI B AR0HATS Ot ;zmg'rzxzn“ e B8,00ects
e ) et e g 2B COIR BRL AN Rt SRt PR M

The aCCQ"Da“yh%Qtﬂfa%h%Qﬁm WhicgR 3 § sl BIRRYER 8d compensation
method by which a demagnetization function is provided
to the head (for example, see Jpn. Pat. Appln. KOKAI
Publication No. 7-134804, U.S. Patent Publication
USP 5,963,385, and U.S. Patent Publication USP

10 6,038,093). Furthermore, there is also proposed
a compensation method which eliminates the bit shift
due to magnetization in the history by performing
direct-current deletion immediately before recording
(for example, see Jpn. Pat. Appln. KOKAI Publication
15 No. 11-86213).

However, all of the above methods are methods
for compensating the bit shift due to recording.
Therefore, as described above, it is impossible to
compensate the bit shift generated based on the

20 reproduction characteristic of the read head and
the bit interval of the data bit string of the data
signal.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to

25 realize a write compensation facility which can
compensate for the bit shift due to distortion

generated in a read signal waveform from a read head
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in and constitute a part of the specification, illustrate enbodi nents of
the invention, and together 5 with the general description given above and
the detail ed description of the enbodi nents given below, serve to explain
the principles of the invention. FIG 1 is a block diagramshow ng a
primary part of a disk drive adopting a perpendi cul ar magnetic 10 recordi ng

system according to an enbodi nent; FIG is a block diagramfor
illustrating a structure of a wite conpénsator according to the enbodi nent
FIG 3 is a flowhart for illustrating the 15 procedure of the wite

conpensation operation according to the enbodinent FIGS. 4A to 4F are views
showi ng exanplids sofo s RERH Bilars Magne Figr Haqarstimgt itpe Kh st idwd ve .
conpensation operatjon according to the embodinent; 20 FIGS. 5A to 5C are

[

views for illustratih@dIRF4aaca i6ridhiQRORaH £ dftd REIIBH
characteristicg_of read head and hit shift i pri,or arty FJG 6 is a

vi ew showi ng tRYSEAG oS B& RS 1G58 15 t‘ﬂs% f({rlé’r?d Jd’r?y]dldlﬁ{?t val ue of
a read signal 'n.iﬁ]the rior.%rt; FIGS. 7A to 7C are vigws .for
illustrating t#iatCl i S dCorEittg ™R SR Fioth Qo R P Hddi nent :

5 magnetic recording. The disk drive comprises:

a disk capable of magnetically recording a data
signal by a perpendicular magnetic recording method;

a head which includes a write head to write the
data signal onto the disk and a read head to read the

10 data signal from the disk;

a write compensator which executes write
compensation in order to suppress the bit shift based
on a predetermined relationship between bit shift due
to a distortion in a read signal waveform from the

15 read head and a data bit string of the data signal;
and

a data recording device which records the data
signal write-compensated by the write compensator onto
the disk by using the write head.

20 Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the

25 invention may be realized and obtained by means of the
instrumentalities and combinations particularly

pointed out hereinafter.



8 and FIG 8 is a flowhart for illustrating the procedure of the wite
conpensati on operation according to the nodification of the embodi ment. 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A preferred enbodi ment according to
the present invention will now be described hereinafter with reference to
t he acconpanying drawi ngs. (Structure of Disk Drive) 10 This disk drive
records data onto a disk 1 by a perpendi ¢cul ar magnetic recordi ng nethod. As
shown in FIG 1, the disk drive broadly Has~a disk 1 which is a data
recording medium a spindle motor (SPM 2, a head assenbly, a data signal
processi ng system and 15 a di sk controlle%gé. 8. The disk 1 is fixed to
the SPM 2 and P8L&FedESCRAFGR O¥p&dd THEN S §&?’§I W AHE P&NINfRgnet i ¢
head 3, an actuator_ 4, and a voice coil potor 5. The VCM 5 is_a notor
for moving the act UBt®raeCqmPIBY i@ ¢%ﬂWngﬂ4r%%% n2bh ihecHrekated The
magneti c head

head i.n which a ead 30 apd a wite head 31 are
separ at ed and %lﬁﬂcngW‘iJ‘rFéJtsq iddpart Thcétd ’ig'é&i gkf:?rsl%?'r ead-only head
for reading data fromthe 1, and aII consj sts 2 el enent .
The write head ?tsr%%aefriqﬂf’é;u%érrhtg? %}be r?f‘-ejafﬁn’su"i“?‘?;lbt'r%gef@NR
per pendicul ar n |c r cordin i€ d ener at S, a 9
cul ar g 6¢ sl oges%rmﬁb&'g 15 vad Ao gensts

recordi Nng mag correspon e cUtTe supplled from
awite anpllf gﬂg; of r $ ng of a
data si gnal as a recor In rgé%FSﬁfo t 3&%|§%ﬁ3. % $%% ?&éﬁgﬂ%%nstltutes

the interface §E¥W§*¥bté¥blaln the principles of the invention.

FIG. 1 is a block diagram showing a primary part
of a disk drive adopting a perpendicular magnetic
10 recording system according to an embodiment;
FIG. 2 is a block diagram for illustrating
a structure of a write compensator according to
the embodiment;
FIG. 3 is a flowchart for illustrating the
15 procedure of the write compensation operation
according to the embodiment;
FIGS. 4A to 4F are views showing examples of
a data bit string for illustrating the write
compensation operation according to the embodiment;
20 FIGS. S5A to 5C are views for illustrating the
relationship between a reproduction characteristic of
a read head and bit shift in a prior art;
FIG. 6 is a view showing the relationship between
the bit shift and an output value of a read signal in
25 the prior art;
FIGS. 7A to 7C are views for illustrating bit

shift according to a modification of the embodiment;
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di sk drive and a host system 9, and has functions to receive a recording
data signal fromthe host system9 and to transfer a reproduction data
signal (RD) to the host system 9. 10 The data signal processing systemis
roughly constituted by a pre-anplification circuit 6 and a read/wite
channel (data channel) 7. The preanplification circuit 6 has a read
anplifier 61 and a wite anplifier 60. T@e read anplifier 61 anplifies 15 a
data signal read by the read head 30 and“transmits it to the read/wite
channel 7. The wite anplifier 60 converts the data signal supplied from
the read/wite channel 7 into a wite electric current and transmts it to
a wite head #d 20 The read/wite channel 7 is a PRV (partial response

maxi mum | i kel i hood) pe, si gnal _progessing ciycuit which caonsists of a read
channel system and Eaﬂ%//\rriat el%?arﬂe‘?wé%’ften’ig%dlﬂ%@%%‘é%nge di ng and
reproducti on dato%f:sé&nal S§ t;1:{1ﬁev\,reatde cr})annerls stem 25 has an AGC anplifier
72, an equali F6r T it e ecoder” HEN ST A R EMAer 75, The AGC
anplifier 72 : a | G galn . - co . tion and

mai ntains a | Ie}i\alczcian(gjfl%t%et(or elgglﬁgtag%?dg#a Oncoc#s?ttéln rgrﬁﬁgdeale“geua Tzer 73 is a

di gital gsignal processppga&iEpUbEsWRIreh roRcbedesya thQwmasy filter, an
gl

anal og-to-digital converter and a digital 5 waveform equallzer (digital

filter) and others.p Hie fosdAMNSSd fime B Sa G d MG & OFb Hnd 8t fedhe

recordi ng data signal” (WD) random zed by a scranbler 71 in‘the wite

channel systemrdvaer@idh Rl eEw HdHdBibethhavd frfa Rd@nnRgltisyst em broadl y
has a scranbler 10 71 and a wite pre-conpensator 70. The scranbler 71 is a

circuit which vefudencesd heg ecidipyh iaia ddagnialgaD from the HDC 8 and
usual l'y consists of an exclusive OR circuit. The wite pre-conmpensator 70
execut es, as wWdtrussuwmscerfl BEGH andve)t he conpensation 15 operation for bit
shift due to a reproduction characteristic of the read head 30. It is to be
noted t¥at the wi tBrichahimt dyistemesridecdate prtecladishikPys a circuit
for giving PR (partial_ response) equalization and interference of the
reverse 20 cha R{rasticyilaghdrasinferls {aqadEing aueidigsens At rShod shown i n

Gi gnal det ect 10h g1t fon o1 o detodrosa 1 thas & € SX opdiiaice, |25 an
e S R A A AR e 1
a head assembly, a data signal processing system, and
15 a disk controller (HDC) 8. The disk 1 is fixed to
the SPM 2 and rotated at high speed.
The head assembly includes a magnetic head 3,
an actuator 4, and a voice coil motor (VCM) 5.
The VCM 5 is a motor for moving the actuator 4 in
20 the radial direction on the disk 1.
The magnetic head 3 is a head in which a read
head 30 and a write head 31 are separated and mounted
on the slider. The read head 30 is a read-only head
for reading data from the disk 1, and usually consists
25 of a GMR element. The write head 31 is usually
a single pole type head suitable for perpendicular

magnetic recording. The write head 31 generates a



" determination portion 103, a preconpensati on execution portion 104, a peak
shift conpensation flag storage portion 105, and a precedent peak direction
flag storage portion 106. 5 The adjacent signals detection portion 102 has
a counter for detecting a data pattern (data bit string) with respect to
the reference bit as will be descried |ater. The preconpensation quantity
determ nation portion 103 determ nes a bbt shift (peak shift) 10
conpensation quantity (including a shift“direction) which is a wite
conpensation quantity. In the case of a data bit string of a bit interva

wi th which occurrence of bit shift heyond an all owabl e range due to a
non-1inear di SEEPEGRDMIIRE Hipr iCOF SRS 19 @1t @ IFCRIHE r ead

head 30 can be presuned, the peak shift .conpensati.on flag stprage portion
105 sots a podiiamit SRR on A 4t (G EPhL LI S GaaDi { st hing
corresponds tQ a data pattern,.equal tao or .above the 3T pattern. 20 The

pr ecedent peal?e&ifr%ggltsl &5 TSR ugvaggé“aﬁ’(ﬂ'ettil‘c?n RGO THNG a?a# |aaé{1a(t|9|:) used for
maki ng j udgnent. n ther. t %%% t K J.S. pls r mnus, and
determnes a s J'lq?’t%qdia\rg;%[ ir}ger?o pr er%reg"l%n 31 rogl% éerllleogil e gly'i ng direction)

when executing precympefisaty %n@@it(dli‘fdé'é &y %@ﬁ% mﬁé{ﬁl}&n) The

Wite preconpensation operation according to t now be

described her¢jiRaf i@ Wi hd a nbat KNGS @QFHSE fuddidndFl G 4A
to 4F. In the data recording operation, when the HDC 8 receives a recording

data signal VBRdeike reeeidladion tdedisknkIf radnt i odstssiamnd, it
first transmts 5 it to the read/wite channel 7. In the wite channel in
the read/ wite ehhannel téardferse adprerduft iexeddtes sigrcdm &) Ao

processi ng (random zation) so that a biased bit pattern which nmay result in
a reproducti orcher harst sysdtergéner at ed. Thereafter, the data signal 10 as a
recording target is supplied fromthe scranbler 71 to the wite

pr ecomgénsat or 70 %@)rﬁgﬁ"ﬁg $ionadl LraarRR iRnhtsyHeme 1 owshly si gnal i s,
for exanple, (1, 6), RLL (run length |im ted) encoded data, and a case that
a maxi mum r un 9OBSGEF UERSIUR MAfEmRdr Hisatden midied i t5)20% five bits is

T " BRI B RGn e BBl bt er 1 et a5
reference, a datd RALE L TIMLGR B hatd S AR dhpl TSP ESFULY as
a write amplifier 60. The read amplifier 61 amplifies

15 a data signal read by the read head 30 and transmits
it to the read/write channel 7. The write amplifier
60 converts the data signal supplied from the
read/write channel 7 into a write electric current and
transmits it to a write head 31.

20 The read/write channel 7 is a PRML (partial
response maximum likelihood) type signal processing
circuit which consists of a read channel system and
a write channel system and processes recording and
reproduction data signals. The read channel system

25 has an AGC amplifier 72, an equalizer 73, a Viterbi
decoder 74, and a descrambler 75.

The AGC amplifier 72 has an AGC (automatic gain



20 a 1T pattern. The 1T pattern is a pattern of a maxi mum frequency and
shows a m ni num anplitude value as a reproduction response characteristic
of the read head 30. On the other hand, as shown in FIG 4A, a data 25
pattern in which "0" of five bits are continuously provided between bits
"1" is represented as a 6T pattern. This 6T pattern neans a cycl e signal
whi ch - 13 is 1/6 of the maxi num frequency, and shows a maxi num
anplitude val ue as the reproduction Fesg nse characteristic of the read
head 30. As shown in FIGS. 4B to 4E, a 5T pattern, a 4T pattern, a 3T 5

pattern, a 2T pattern are |ikew se %éesented. In the wite preconpensator
70, six bits E6PPtRELHatHNSLIRR 2PFaReAPLRLa ST PokflRe O&r ARSI &°2%1 is hel d
in the input register 100 in ti series (step _S1)..The inpyt .signal
detect i on por BPOR 269730t SOASTPHE 10 Per BRERCEZATL 7318 Sudel 16atadr 1 ng
magneti c transLtiog in na%netic necon%ing.féon1t§edinputlr%gister 100 (step
S2). This ref&8F8R8s BrPCFT=1PE §H5H 1Yt hdi c8Fel96y &n -8 8RS n FIGS. 4A
to 4F. Wen t erenc ht. "1 i c 1 dj.a ..Shgnal s

det ecti on por??%%g OZSgoﬁﬂgggg %Sngggqg%ﬁb%ggvﬁgﬁggf 8% thg%égglrecently
recorded bit 1% a L, Qf (b Q" [P TN B he next
dat a s!gnal, g%gegg?gcfgugqgéfg é?ﬁ%gF??ngq?gg?z %gﬁtgkﬁfr%ﬁicﬁh%equires
bit shift (pegksshhhb)e20760RRaNgALARLEShERCSBELuUEl €hel RelREadaba bit
string (data pattern) of the data signal, the recording density (which

means the recgrdiangigansi {wpof ragelomdakd YW) ai schawbasra 7patihethehas nore
nunber of bits "0" before and after 25 the bits "1". In this case, the

anpl i tude val ueiaset phanheamsyséencad beddid@lbeeapesiihiggllatkt. is to be
noted that the read signal frequency fromthe read - 14 head 30 differs
dependi ng on the r&ber dirmdg edebsinmge 1( 8P)s.t eln biriviasl lonthedi memcraadblar out put
threshol d value which requires bit shift (peak shift) conpensation, an

out put 18npl i t ddeandl aewst tenerergemeEnsREC3T 78 . pallher scaemypleat d1lpattern is
presuned (see FIG 6). That is, when the data pattern of the data signal is
| ess than theiTapgitepat whichk derepriced thst rerersindshefe due to
reproduction is within an all owabl e range, and_preconpensatiqn (bit shift
conpensat i on) St§°% WBt%é?@cGgéd%DéoﬁvéggePﬁya#ﬁycgggsﬁﬁt&apg patterns

I b : h ' [
i?“ixegﬁt . :Fﬁ?ﬁfﬁ%ﬁ?gf&péﬁ*@%ﬁs@ﬁﬂ?o?ﬂ?g?%sﬁ%%céﬁpg SAtPer ot Z‘?: Si x
det ecti on por Fes 109 adts 1 5 BCF 24 (AR "Sr Chi D Cohoneaear

directihgn f|aggékg%§gﬁ pokt bk LB6 reNguat thhe §E%Bo§§ct@@hat the step S8,
and the step S7). Here, since the input signal "1" is detected, "1" is

added to the thagadlefREricand the ¢eatrakaddsancegtt ast ke pebmeguant bit
detection processing. It is to be noted that the flag (PF) is expressed by
"1" and "0". that the write channel system includes a pre-coder
which is a circuit for giving PR (partial response)
equalization and interference of the reverse
20 characteristic, and others.
(Write Pre-compensator)
As shown in FIG. 2, the write pre-compensator 70
has an input register 100, an input signal detection
portion 101 which detects a bit "1" as a reference,
25 an adjacent signals detection portion 102 which

detects adjacent bits "1" with respect to the

reference bit, a precompensation quantity



On the other hand, if the preceding or followng data pattern is equal to
or above the 3T pattern, 25 a flag (CF = 1) is set in the peak shift
conpensation flag storage portion 105 (YES at the step S3 or YES at the
step S8, and the step S4). Wen the conpensation - 15 flag (CF =1) is
set, the preconpensation quantity determ nation portion 103 determ nes the
preconpensati on processing in the prqpegjng_pirection or the del aying
direction in accordance with the preced 5 peak direction flag (PF) (step
S5). That is, judgnent is made upon whether the precedent peak is plus or
m nus based on the precedent peak dir%ction flg%g(PF).,ln t he case of plus,
the preconpenS&LPEALIBRELAN BRISAPTI 373108 EXELAIPENSRLIOM N EXEAULIRN( bi t
shift 10 conpensation) in the preceding direction in tinme (step S6).

Nbr eover, in Pﬁé%&8§eH8ﬂ'nPn€§FktﬁglgFe58W8§H§5gﬂ8ﬁ Eéﬂﬁ OfF#®execut es

preconpensati gn i i-ft _compensation) .in the del ayi.n i.rection in tine
(step S9). |n&°63—§§f’§| ﬁ@,s'aént%oat ﬁ&eﬁr%@%‘ﬁpé’ﬁ% f%rtei%&o%h 8%y (bit shift
guantity) and Eg?ag%rﬁ%Ekqgn tRg preconpensation quantity deternination
portion 103 changes t he preconpensati on quantity to plus or mnus at the

time of smanufact ur @pQf Jd3e dngk Aidntlys TRRIRIM HEHJ G AN 1Y |

preconpensation quantity.” 20 As descri bed above, in the case o tﬁ% dat a

bit string incwiingdrbifbrsieflectReak asbiaftt) pdueehd t(R thepiedugtiian)
characteristic of the read head 30 is beyond an all owabl e range (that is,

the data patt@ifhegeadbec® @b abeve ke cdtepatitenn) withe v ided i ed
preconpensator 70 according to this enbodi nent executes the bit shift
conpensati on fageessi Mhe prihenpeacadiing duaadtitgn det etrrd ndediayi ng

di rection. - 16 Specifically, in the case of the data pattern equal to
or above the Bbrpdpneld3t kateamiesporsbitasyd ftr dpge kofshdarfiil)i t ude val ues)
of the read head 30 becones large in particular, preconpensation (wite
conpendft i on) compiensia tdery iapengdt voi (tt neivdi ngp @ale hd Hitf i riestillom)r ever se
direction is executed when witing the data so as to cancel out the peak
shift during WBE&Pr &5r GdUEHitEn CORPERSAELMN IURRLERY - perdPetdicc §28€ magneti ¢
recordi ng system_ the bit shift due_to 1Q,.reproduction of the read head 30
usi ng the GNROEI@ngﬁtacbﬁtbétf&ﬁﬁéﬁgaﬁeé}ttﬁgFgﬁyaﬁegﬁﬁ%iN 4%pr ovenent in

Lg%ggggt: 82 g’%:?%{fg%gitcrereﬁlolftar}?ggutss Q‘%x%%&t%glgt \%I%E ﬁtl{lﬁgrag)lggel s[ﬁn\fgtﬁel E:grrpensati on
according 15 %%ethsae%BQQHq%%%r HHSQQQEH%%nOfiQh%h%e%%%%u%&i%%e
15 characteristic of the read head 30 can be presumed,
the peak shift compensation flag storage portion
105 sets a peak shift compensation flag (CF = 1).
This data bit string corresponds to a data pattern
equal to or above the 3T pattern.
20 The precedent peak direction flag storage portion
106 sets a flag (PF) used for making judgment upon
whether the precedent peak is plus or minus, and
determines a shift direction (preceding direction or
delaying direction) when executing precompensation.
25 (Write Precompensation Operation)

The Write precompensation operation according to

this embodiment will now be described hereinafter with



" data pattern being |l ess than the 3T pattern, since a response range of the
read head is narrow (when O is the center, a range in the vicinity thereof)
and it can be regarded as a substantially linear 20 characteristic, wite
conpensation is not executed. (Mdification) FIGS. 7Ato 7C and FIG 8 are
views concerning a nodification according to this enbodiment. As shown in
FIG 7A, this nodification concerns 25t met hod of wite conpensation
(bit shift conmpensation) with respect to data pattern with which peak
shift is apt to occur even if the - 17 reproduction saturation

Char act o St i ESHATARAR Fioh o ot Gt (rPis SRS odbr P The dat a pat tern
posi 11 on el or s depthdii S TRTALRS IR TN b adPe er t he
(nunber S of ' comteiss Hitet L At hahal W ok Bk ot ne
Beeording 1o Th's SRSt 1 Gaor i 117 it e Heckr i Hod el HAMGRGg th

referenge to tihe ] awcharda Phirfilte Brarfler i75t .12 1 Wdidle th}ag{rhees% % bits

enbodi nent, in the 15 wite preconpensator 70, a data signa

transmitted fremike reu@wligle Ehanhdield ithd heddidiler Qi @dckQy in tine
series (step S20). The input signal detection portion 101 detects a

reference si gmandolizugddr @rovdsising t (ranmgneddtd d)anss i 20 in
magnetic recording fromthe input register 100 (step S21). Wen the

ref erence sighdlasetl' bit gettdetred whilvh adjyacesuld gnalss rdgtrectiatiguorti on
102 counts a nunber of bits "0" after the nost recently recorded signal 25
"1" and a numearogf isi ot @ensafadies .t hdheinpadter]” e tdedanexdtgrddt a si gnal ,
and stores each nunber of bits in a nmenory A and a nmenory B, respectively
(stepsl822 2518 rE@PTrIAYg tRFgeddjisc ewrrdiigdhal i ofettdst issiramhrltsron 102
makes judgnenh upon whet her a nunber of continuous bits "0" preceding the
reference sigrdl UO1'thes Wit PEECOMRERSET gt "o mGarsididhitis thg's ol | owi ng
the 5 reference.signal "1" (step,$S24), .In the case of_ a data pattern in

whi ch the nunﬁg]ﬂooéﬁ%wdi d:edoﬁ?’ienﬁﬂsa il adgd S, g f9 % %rom that of

e eosar ] ondf(i20 e "l AP 1 AT AT ncbldd dufa,! Budd® Peak shift
a case that a maximum run length (maximum number of
15 continuous bits) is five bits is presumed.
Here, as shown in FIG. 4F, with a signal having
a bit "1" indicated by an arrow (later-described
reference bit) being determined as a reference, a data
pattern in which all bits are "1" is represented as
20 a 1T pattern. The 1T pattern is a pattern of a
maximum frequency and shows a minimum amplitude value
as a reproduction response characteristic of the read
head 30.
On the other hand, as shown in FIG. 4A, a data
25 pattern in which "0" of five bits are continuously

provided between bits "1" is represented as a 6T

pattern. This 6T pattern means a cycle signal which



10 storage portion 105 (NO at the step S24, and the step 525). \Wen the
conpensation flag (CF = 1) is set, the preconpensation quantity

determ nation portion 103 determ nes the preconpensati on processing in the
preceding direction or the delaying direction 15 in accordance with the
precedent peak direction flag (PF) (step S26). That is, judgnent is nade
upon whether the preceding peak is plus1 m nus based on the precedent
peak direction flag (PF). In the case of*plus, the preconpensation
execution portion 104 20 executes preconpensation (bit shift conpensation)
in the direction which precedes in tinme (step S27). Further, in the case of
mi nus, the prédSorpén®at itHE BRETy i IsGUENGY 160k O s FlegddMFensat i on
(bit shift compensation) in the direction which delays in 25 tinme (step
§8) *hs. descPREAd tagy Ha 1hec Gaihg E6TERALCHIA FERPRRTE aven 1T
substantially linear pr.opertyd - 19, ,assured and non-linear distortion
is not observERHRSHE LS rco&fctscihc?nr S 453 i3§t'i c &y ddd head 30, bit
shift conpensati@n i egut eq i e qQf eropost erd or asymetric
data pattern ?ﬁb%ﬁié% ?ﬁbig’n%ngg}Egﬁﬂgﬁh’i%hé@gF%ﬁﬁgrmO"apﬁgteding t he
referenge bit 1% .S diff foram ot he ynynhars of i us bits "0"
follomﬁﬁg thepFéFgfzﬁcg gﬁiiﬁ%¢ér%h§%%f&?é, tﬁg ﬁ%?%ﬁ%tggﬂcaused due to

reproduction of they eagd Qﬁ@@gg{&cﬁm eth, S bidd &F aguetion

error 10 rate in the data repro on can be 1 nmproved. In short,

even if the suhgizartiiglaly triahean tRledPerion ithed$THamhiand tihg nerld near
distortion is not observed in the reproduction characteristic of the 15

read head 30, ithhehepr deprenzatietet0 1@0cdiditighd Gertiies Nedicdp Gat)i.on execut es
wite conpensation which is bit shift conpensation. A concrete condition
for this caseThe dmpartt eigmedt ertectdopmpetntiondditd patteertis ithewhi ch t he
nunber of continuous bits "0" preceding 20 the reference bit "1" is

di fferéft frometfierengebdritof" Idomsatudiesr mniding' rfagnediiond rams iddem  As
descri bed above in detail, accondin% to this enbodi nent and the

nodi fi cati on, 1hh&RFELHUILFFARE NFattd oFf ¢hd iowud g it ilP% he di sk

i ve 2dopti ng 25,416 per B! sUlar Tanel) ¢ I VRN W ILe
the data bit sltnr .ic%t(e%atb%; an aZrQIOMpaltrlt %IIQ;)S.i QIAWQ:ioCUlFt.he bit shift tends to
occur during
When the reference bit "1" is detected, the
15 adjacent signals detection portion 102 counts a number
of bits "0" after the most recently recorded bit "1"
and a number of bits "0" before the bit "1" of the
next data signal, and detects a data bit string
(data pattern) which requires bit shift (peak shift)
20 compensation (step S3).
Here, in the data bit string (data pattern) of
the data signal, the recording density (which means
the recording density of user data UD) is low as a
pattern has more number of bits "O0" before and after
25 the bits "1". 1In this case, the amplitude value
output from the read head 30 becomes high. It is to

be noted that the read signal frequency from the read



data reproduction. Therefore, the read error rate during data reproduction
can be inproved. Additional advantages and nodifications will 5 readily
occur to those skilled in the art. Therefore, the invention in its broader
aspects is not limted to the specific details and representative
enbodi nents shown and descri bed herein. Accordingly, various nodifications
may be made wi thout departing fromthe éﬁ spirit or scope of the general
i nventive concept as defined by the app ed clainms and their equival ents.
- 21 WHAT IS CLAIMED IS: 1. A disk drive conprising: a disk capable of
magneti c recording of a data sjgnal_ by a perpendicul ar nmagnetic recording;
5 a head whi cheastIdfués tfams depeaddngsar tde \/Prqqqrrﬁjd-nt% %]a'itld:}él gnal onto
said disk and a_read heéﬁlused for, reading the data SI fromsaid disk;

awite corrpen(é@[ or Vi R ik ETROSE MR e acsor?ﬁ’er?é%tﬂ resgl?plrfjr essing bit

shi ft based on edeterm.ned relatiaq bet tthe bit shift caused
due to a distd wg‘fl F@éjdléﬁgq‘nat\/\/zf\%f Reragﬁn\,%% ré%?&‘ﬂ‘?é’a?cf‘anda

sata BT 5170000 s i sl e s nagers Sewice ol
conpensgtor ot (3l U K J o5 Yalk Ll %J‘%@%sumed (see FIG. 6).
That is, when the data pattern of the data signal is
less than the 3T pattern, it is determined that the
bit shift due to reproduction is within an allowable
range, and precompensation (bit shift compensation) is
10 not executed. Conversely, in case of data patterns
equal to or above the 3T pattern shown in FIGS. 4A to
4D, precompensation is executed.
In the write precompensator 70, when the data
pattern for six bits of the data signal is below the
15 3T pattern, the adjacent signals detection portion
102 adds "1" to a flag (PF) of the precedent peak
direction flag storage portion 106 (NO at the step S3,
NO at the step S8, and the step S7). Here, since the
input signal "1" is detected, "1" is added to the flag
20 (PF), and the control advances to the subsequent bit
detection processing. It is to be noted that the flag
(PF) is expressed by "1" and "O".
On the other hand, if the preceding or following
data pattern is equal to or above the 3T pattern,
25 a flag (CF = 1) is set in the peak shift compensation
flag storage portion 105 (YES at the step S3 or YES at

the step S8, and the step S4). When the compensation



2. The disk drive according to claim11l, wherein said wite conpensator
detects a data bit string in which said bit shift beyond an all owabl e range
occurs 20 for each predeternm ned nunber of bits of said data signal, and
executes said wite conpensation with respect to said data signal of said
data bit string. 3. The disk drive according to claim11l, wherein said data
recordi ng device includes an anplifngtiﬁQ 25 circuit which converts said
data signal subjected to wite conpensati©on by said wite conpensator into
an electrical signal and supplies it to said wite head. - 22 4. The
di sk drive accardin Q_ébaLnll rein said wite conpensator detects a
ch bi

wh
data bit stririgaf e t Jisht%f}'/aﬁ: r?rreescﬁ%‘i‘ﬂtﬁr}@aiild’rh FHafer tbf
cont i nuous bi tdset"eq:mi\%é & t%; trtilon O_Lf03S_a %%ez% aelt aDSEan(%OI%%r}e%‘PS{ eggie,d

executes wite conpensation en, 1 n sal

bi t intervalifad% &%égﬁ%ﬁﬁrﬂﬂmkﬂgtﬁﬂﬁﬁﬁﬁﬁﬁaﬁﬁﬁ?{5§¥§%réfﬁ rence val ue,

and does not execute sai t'e conp € Sa § ess than

sai 0 ref er enceialig 1 Al i IR AL NG IO Gl aland, wherei n a

bit "1" of sai signal 1s determned as a reference, and Said wite

conpensat or | yigas EXeHi D Bfagv (28 C@Hb%ﬂss%(}i on Mhan & bi 'ueddfrgé’rfe/a'

corresponding to a nunber of continuous bits "0" in either t pr ecedi ng

or following dig eridedmpdh avriaiie Dithe thidieadlichancardpnal by ef erence
val ue, and determines a bit shift direction in said wite conpensation in

accordance w ttireid hersehich priecediew@dent’ gdamidigraitient ifinng 2(pMH.. The

di sk drive according to claim4, wherein when a data pattern of said data
bit string hadimghe madenoh foleguenthe ipradetmgran et as exelcltpiadrt ern, sai d
write conpensator judges execution of wite conpensation with respect to a
data signal i mfrdEaye Qb axfecu s Puscompensaf i ctbits syl to or above a

3T pattern. 7. The disk drive according to claim1, wherein
10 compensation) in the preceding direction in time

(step S6). Moreover, in the case of minus, the

precompensation portion 104 executes precompensation
(bit shift compensation) in the delaying direction in
time (step S9). Incidentally, as to the precompensa-

15 tion quantity (bit shift quantity) and the direction,
the precompensation quantity determination portion 103
changes the precompensation quantity to plus or minus
at the time of manufacture of the disk drive, thereby
setting an optimum precompensation quantity.

20 As described above, in the case of the data bit
string in which bit shift (peak shift) due to the
reproduction characteristic of the read head 30 is
beyond an allowable range (that is, the data pattern
equal to or above the 3T pattern), the write

25 precompensator 70 according to this embodiment
executes the bit shift compensation processing in

the preceding direction or the delaying direction.



- 23 when said wite conpensator detects a data bit string in which a
nunber of continuous bits "0" in a preceding direction with respect to a
reference bit "1" is different froma nunber of continuous bits "0" 5in a
following direction with respect to said reference bit "1" for each

predet ermi ned nunber of bits of said data signal based on the relationship
between bit shift which is beyond an al l.owabl e range and said data bit
string of said data signal, it 10 execufgiawwite conpensation with respect
to said data signal indicative of said detected data bit string so as to
suppress said bit shift in said_ allowable range, 8 The disk drive

according to SPEThIECaereild \(/jm\@n S Sr i é{ﬂF&erﬁaﬁ‘Eﬂrrﬂtﬁ‘E&% %0 dat a
i rect | on i ¢ A the I GAbReTCe AL 41k SAPRNTT drUTHS 1 DAREE nunber of
bt 17 or " eoh TR B e Sl O sl e T o Q4R baced
and oai d dat s PHEUE Hnectindpdttieh | Snd R MR AR ERAY © Tanae

conpensati on Wik €3R8Gt & Qi 1dala & 9Rplad ndicat) g Oécpéai d detected

data bit string so 25 as to suppress said bit shift 1'n said allowable

range. 9. The yQivede ¥ idieRAGUHHIINY dx@ &lRidMiherRE & ihg Weh.qA% a data
pattern of said data bit string, a - 24 data pattern having a maxi num

frequency is det ersrithetarca bhtpaide ghalanth wienigai WdftL conmpensat or
detects a data pattern which differs in a preceding direction and a

foll owi ng di r edpdradudttior.especta treshla ,r dfrertdrec o drgendi'cudfarsai d dat a
signal, it executes wite conpensation with respect to said data signal

i ndi cative of meaingtdet evtaad diatg syetitear,n e dsitt shsivfdprdess tzai d bit shift
in an allowable range. 10. A nethod of wite conpensation for perpen 10

di cul arlonagnetﬁﬁprrfgtﬂfdi% fatthsirgad hepd W S g £he iOR rEahent a di sk

drive having a na%yetic head including the wite head and a read head, said
met hod conpri Safy:Pe compensated, thereby realizing improvement in

reproduction error rate. It is to be noted that the
regular write compensation can be simultaneously
executed with the bit shift compensation according
15 to this embodiment. In addition, in the case of the
data pattern being less than the 3T pattern, since
a response range of the read head is narrow (when 0
is the center, a range in the vicinity thereof) and
it can be regarded as a substantially linear
20 characteristic, write compensation 1s not executed.
(Modification)
FIGS. 7A to 7C and FIG. 8 are views concerning
a modification according to this embodiment.
As shown in FIG. 7A, this modification concerns
25 the method of write compensation (bit shift
compensation) with respect to a data pattern with

which peak shift is apt to occur even if the



hol'ding a data bit string for each predeterm ned 15 nunber of bits of a
when recordi ng said data signa
bit string in which bit shift which is beyond an al |l owabl e range occurs
based on a predeterm ned rel ationship between bit shift caused by 20

waveform from said read head and a data bit

data signa

di stortion of a read signal

string of sa
to said data

on said disk; detecting a data

id data signal; and executigg write conpensation with respect
t

signal indicative of said

said bit shift. 25 11. The nethod of claim 10, further conprising:

converting said wite-conpensated,é data signal into apn el ectrical signa
supplying it F%pEQ?HCt19n2§atHFFFéoﬁeﬁaﬁrg

wherein, wt
reference, a
nunber of co
conpensati on

nrerval 15 a datahil sieipaconian.sxRendsch pLeRebnigterenge 18 value

13. The method of C etermning abit "1"

sterphatast RBJOSF thrarRfd0,
it "1" of said data.signal being deternined
"éed' Bpc Tacfl nipabeRbiA Rk S hear, BHa Bt L 0R raRAY o a

a bit string in order to suppress

and

hefEtintodinbar tERRCAP b GE: oBRERYRE S Di " strimo, said bit

alm er conprisin

said daga siggabugs;@ Lebereuck. ANdnl OLNELEXEULE PRAT Gk LLE

conpensati on

10

15

20

25

en a nterval corresponding t
depending on a degree of saturation before and after

the data signal, and this is a pattern in which
numbers of continuous bits (numbers of continuous bits
"0") are different from each other in the preceding
and following directions.

The write compensation operation according to
this modification will now be described hereinafter
with reference to the flowchart of FIG. 8.

At first, as similar to the embodiment, in the
write precompensator 70, a data signal for six bits
transmitted from the scrambler 71 is held in the input
register 100 in time series (step S20). The input
signal detection portion 101 detects a reference
signal "1" used for writing the magnetic transition
in magnetic recording from the input register 100
(step S21).

When the reference signal "1" is detected, the
adjacent signals detection portion 102 counts a number
of bits "0" after the most recently recorded signal
"1" and a number of bits "0" before the signal "1" of
the next data signal, and stores each number of bits

in a memory A and a memory B, respectively (steps S22

of



15 continuous bits "0" in either a preceding or following direction is a
data bit string which exceeds said reference value; and determning a bit
shift direction in said wite conpensation in accordance with either said
preceding 20 or following direction. 14. The nethod of claim 10, further
conprising: executing said wite conpensation with respect to a data signa
indicative of a data bit string equal tq or above a 3T pattern when, as a
data pattern of said 25 data bit strrhg,8 data pattern having a maxi mum
frequency is determned as a 1T pattern. 15. The nmethod of claim 10,

wherein when a data_. - 26 bit string.in which a nunber of continuous bits

"0" in a precé@ngZdirectitén aRiBcerdsFédnals Setecdidnceagitiion 102

different froma nunber of continu bits "0" .in a ollownng di rection
Wi th respect FEXed dUGorens, dpos Bﬁ%@% her s NGEBET &F FOREACRUS edet er i ned

nb f bi i,d_d b h Qanship b bi
Shi Tt beyond B8 I SuaBlePaIGs aE SHiE GRS BT iy o S idata
signal, wri tey %ogp%?i&g)e:ﬁ)&f g:éa,?;cqu'ﬁto%% ‘ﬂlttlé WIPEGH 1ty %l%?r q:hjeo data si gnal

|nd|cat|ve of said stfing so as to ess said bit

shift ig said.,all l.e g 6. #ng hgd of claim 10, wherein when a
dat a bl? strln% F%g%%Fcﬁl %Unber (} ntlngous bits "0" in 15 a preceding

direction with respecteys &geefc% NGl tpatkeds A flif@nteHd aimbdyunber of
continuous bits "0" in a follow ng dlrectlon W th respect to said reference

bit "1" is debgchedckarnRpedrriedRhrr Wingd munter Off fidehtoffren d data
signal based on the 20 rel ationship between bit shift beyond an all owabl e

range and sai ¢hdat @ fhithes tholli@wiings ajoth tdatmus @ials ™ot e cElgeensation is
executed with respect to said data signal indicative of said detected data
bit string so (&F tolsuppr et sai dhs pesik fshiifit sampe2adilcowaillegy range. . A
r. ﬁ@ﬁ 2& 0A3. A ARPRPITEASDIARIONALO SAF OAPG: Ajpe MEePAGRAf andf Shaf LS. AU . A . A'r
.Aa‘.Aus.Au‘Ysiggygé X.J When the compensation flag (CF = 1) is
set, the precompensation quantity determination
portion 103 determines the precompensation processing
in the preceding direction or the delaying direction
15 in accordance with the precedent peak direction flag
(PF) (step S26). That is, judgment is made upon
whether the preceding peak is plus or minus based on
the precedent peak direction flag (PF). 1In the case
of plus, the precompensation execution portion 104
20 executes precompensation (bit shift compensation)
in the direction which precedes in time (step S27).
Further, in the case of minus, the precompensation
execution portion 104 executes precompensation (bit
shift compensation) in the direction which delays in
25 time (step S$28).

As described above, according to this modifica-

tion, even if a substantially linear property is



zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRaU] cRaU] ca!
Pyt * (7

" EZT] S} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9kBEF
Aq$Z} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] clag] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ¢ a]ca]ca]ca]ca]cal”

SExPETTrQn """ # ####%, SWBS$$$2%€ %9884 xsni d _Z]c]ca]ca]ca]ca] ca]ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] cal ca] ca].ca] ca]calcalc
a] ca] ca] ca] capE8FIESre PeRYiREQLs, g&g):ogtp]on I ROt P Se etk (b 44+ a-c. L

S e e ettt 4
calcaca S el gs?irﬁae&g %%]%;ﬁe;iﬂ e
SRR R e s kieti)
ca] ca] cfa,] caj cgcha] caj gfa]cfog](lgl?’] E)E]@ca Igcla carv] C c])éﬁ]]n%r] c% &f%% cg:] ca} ca} ca}

cajcaljJjjjjkigkkkkhM |ild IyRGreh retehd "t\h%w oA iGhR]La] ca] ca] cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal ca]ca]ca] ca]ca]

ca] ca] ca! xyBy @y yyz 2@z zz{L1ouWlilly the reference bit "1". Therefore,
|.1_I1l]]}}~F~P~~}xsnid_Z] c]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] ¢akcalitalstd]ftalcealseal ealec aloc ajepajodiajotaloEX Ot read

|,1 _I1l]]}}~F~P~~}xsnid_Z] c] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] tapdalcaa)] b cajmprenesaltes] .c a]Thalse ajac ajeger cdlwatid-c®@error

10% & ()-@910% & ()- 10% & ()-s10% & ()- @0% & ()-yl0% & () -

1098 (FOMaXi Krgtel Gy &he) S nredtatioy &per-akfus qan @4 & () -

10% & ()- 10% & ()-[Yi KA710(10(: 109% & ()-810% & () 610% & ()-,/10% & ()-L-
10% & () - % 109FRTOVER -A710( T10%<& () 10%<& ()-

109%<& @0%& 109% 10%& Li K 7 10%<& W109<& $
10%<& 8 10%5&) O% “@S%ﬁ% s e(‘ﬁen()l / ? )Suﬂﬁ%@gz* 13’ g (1) -

igg:g 8 ?I:L(%(?/%E&F) rty/ 15105%.a8é(5(1}re’c{ 8Eh(e) ng-jlgﬁofagéx( )dlstortlon is

not observed in the reproduction characteristic of the

15 read head 30, the precompensator 70 according to this
modification executes write compensation which is bit
shift compensation. A concrete condition for this
case is an anteroposterior asymmetric data pattern in
which the number of continuous bits "0" preceding

20 the reference bit "1" is different from the number of
continuous bits "0" following the same.

As described above in detail, according to this
embodiment and the modification, when recording the
data signal onto the disk in the disk drive adopting

25 the perpendicular magnetic recording system, write
compensation for suppressing the bit shift can be

realized with respect to the data bit string (data
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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
10 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents,
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writing the data signal onto said disk and a read head
used for reading the data signal from said disk;

a write compensator which executes write
compensation for suppressing bit shift based on
a predetermined relationship between the bit shift
caused due to a distortion of a read signal waveform
from said read head and a data bit string of said data
signal; and

a data recording device which records the data
signal subjected to write compensation by said write
compensator onto said disk by said write head.

2. The disk drive according to claim 1, wherein
said write compensator detects a data bit string in
which said bit shift beyond an allowable range occurs
for each predetermined number of bits of said data
signal, and executes said write compensation with
respect to said data signal of said data bit string.

3. The disk drive according to claim 1, wherein
said data recording device includes an amplification
circuit which converts said data signal subjected to
write compensation by said write compensator into an

electrical signal and supplies it to said write head.
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said write compensator detects a data bit string at
each bit interval corresponding to a number of
continuous bits "0" with a bit "1" of said data signal

5 as a reference, executes write compensation when, in
said detected data bit string, said bit interval is
a data bit string which exceeds a preset reference
value, and does not execute said write compensation
when the same is less than said reference value.

10 5. The disk drive according to claim 4, wherein
a bit "1" of said data signal is determined as a
reference, and said write compensator judges execution
of write compensation when a bit interval correspond-
ing to a number of continuous bits "0" in either the

15 preceding or following direction is a data bit string
which exceeds said reference value, and determines
a bit shift direction in said write compensation in
accordance with either said preceding or following
direction.

20 6. The disk drive according to claim 4, wherein
when a data pattern of said data bit string having
a maximum frequency is determined as a 1T pattern,
sald write compensator judges execution of write
compensation with respect to a data signal indicative

25 of a data bit string which is equal to or above a 3T
pattern.

7. The disk drive according to claim 1, wherein
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"1" is different from a number of continuous bits "O"
5 in a following direction with respect to said
reference bit "1" for each predetermined number of
bits of said data signal based on the relationship
between bit shift which is beyond an allowable range
and said data bit string of said data signal, it
10 executes write compensation with respect to said data
signal indicative of said detected data bit string so
as to suppress said bit shift in said allowable range.
8. The disk drive according to claim 1, wherein
when said write compensator detects a data bit string
15 in which a number of continuous bits "0" in a
preceding direction with respect to a reference bit
"1" is different from a number of continuous bits "O0O"
in a following direction with respect to said
reference bit "1" for each predetermined number of
20 bits of said data signal based on the relationship
between bit shift which is beyond an allowable range
and said data bit string of said data signal, it
executes write compensation with respect to said data
signal indicative of said detected data bit string so
25 as to suppress said bit shift in said allowable range.

9. The disk drive according to claim 8, wherein,

when, as a data pattern of said data bit string, a
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5 a reference bit "1" of said data signal, it executes
write compensation with respect to said data signal
indicative of said detected data pattern so as to
suppress said bit shift in an allowable range.
10. A method of write compensation for perpen-
10 dicular magnetic recording data signal on a disk by
a write head in a disk drive having a magnetic head
including the write head and a read head, said method
comprising:
holding a data bit string for each predetermined
15 number of bits of a data signal when recording said
data signal on said disk;
detecting a data bit string in which bit shift
which is beyond an allowable range occurs based on a
predetermined relationship between bit shift caused by
20 distortion of a read signal waveform from said read
head and a data bit string of said data signal; and
executing write compensation with respect to said
data signal indicative of said data bit string in
order to suppress said bit shift.
25 11. The method of claim 10, further comprising:

converting said write-compensated data signal

into an electrical signal and supplying it to said
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reference, a data bit string at each bit interval
5 corresponding to a number of continuous bits "0" is
detected, and
wherein said write compensation is executed when,
in said detected data bit string, said bit interval is
a data bit string which exceeds a preset reference
10 value.
13. The method of claim 10, further comprising:
determining a bit "1" of said data signal as a
reference, and judging execution of write compensation
when a bit interval corresponding to a number of
15 continuous bits "O" in either a preceding or following
direction is a data bit string which exceeds said
reference value; and
determining a bit shift direction in said write
compensation in accordance with either said preceding
20 or following direction.
14. The method of claim 10, further comprising:
executing said write compensation with respect to
a data signal indicative of a data bit string equal to
or above a 3T pattern when, as a data pattern of said
25 data bit string, a data pattern having a maximum
frequency is determined as a 1T pattern.

15. The method of claim 10, wherein when a data
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5 reference bit "1" is detected for each predetermined
number of bits of said data signal based on the
relationship between bit shift beyond an allowable
range and said data bit string of said data signal,
write compensation is executed with respect to said
10 data signal indicative of said detected data bit
string so as to suppress said bit shift in said
allowable range.
16. The method of claim 10, wherein when a data
bit string in which a number of continuous bits "0" in
15 a preceding direction with respect to a reference bit
"l" is different from a number of continuous bits "O0O"
in a following direction with respect to said
reference bit "1" is detected for each predetermined
number of bits of said data signal based on the
20 relationship between bit shift beyond an allowable
range and said data bit string of said data signal,
write compensation is executed with respect to said
data signal indicative of said detected data bit
string so as to suppress said bit shift in said

25 allowable range.



