;e3e((DvR6PTV - 1 TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR
RECOVERI NG READ ERRORS I N A DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The
presknt invention relates to the field of disk drives. Mre i ,
the invention relates to an apparatus and net hod for recoverimmm,mm&@m,mors
made in the data-reading and -witing operation. In recent years
data-recordi ng density has 1Q increased_in the field of disk drivg§? of

which a hard disk drive is a representative exanple. To enhance the
data-recording density it is demanded that various technical inprovenents

be made. One of such technical i [ ce the flying height
of the 15 head incorporated in éﬁ@hggggggﬁﬁaéﬁwﬁéﬁiféﬁnn"fIying hei ght" is
t he di stance begﬁﬁﬁﬂ) r j ‘%ﬁgf ' i t he head
(rmore precisely, he%lg\gqgsel‘%gerren ﬁﬁo?rﬁﬂe?&(égt el\fsﬁ {%&E%%Resﬁt y, the
flying height ofy thekheadhas 20 decreased to a limt of about 10 nm The
possibility that theKﬂead contacts the disk while reading data from or

witing data on, the disk, isgpARERASNDIoRPEGRRSENOENGRARTES I N the
envi ronnmental conditions, such as atnospheric pressure and tenperature. 25

Di sk drives of contacthd e dwme ssmdeyelapetd teduce thed lyf ng hei ght
beyond the limt. In a contact-type disk drive, the head remains in actual
VWG 'Y f - Aiskorirdetes(.or Meseuge radritAacinl wi tthd Hevvdirgdi odhide dtfed S
reading data from or witing data on, the disk. The head needs to slide on
t he di sk at an dgpraopripgae acoef fancd ewrtthafd fidretegrovdfindhe alidle hasrsan
extrenmely 5 snooth surface, the head may undergo so-called "stick slip" or
may stick, in tH@dgorist téeseatieo nelaelingr faack —ofr i@ adiofleraddmde, t he di sk
shoul d not have too snmooth a surface. In other words, it should have a
suitabl e 10 roughness? FEQHts Ya/ES 1t H i daE e QAL I slantdifohdiash i ts
surface. It is nost desired that the prqjections be identical .in |l engfh and
shape and®be di SGEICER it Gg@fgﬁﬁﬁﬂ%ﬁggF¢§§193$ﬂ95% (ﬁﬂﬂ€h|%1 tice,
however, the pr%g'&% tions di.ffer in_ 15 |len shape ,and dj stribution

.h
density, froma i OEGN et d Safol FEF S58 Y %tls‘fl?r FRREPIFE t he Oyiefrance

the data-recording density it is demanded that various

g

technical improvements be made. One of such technical
improvements is to reduce the flying height of the

15 head incorporated in any disk drive. The term "flying
height" is the distance between the surface of a disk
(recording medium) and the head (more precisely, the
head element mounted on the slider).

Recently, the flying height of the head has

20 decreased to a limit of about 10 nm. The possibility
that the head contacts the disk while reading data
from, or writing data on, the disk, is increasing
because of changes in the environmental conditions,
such as atmospheric pressure and temperature.

25 Disk drives of contact type have been developed
to reduce the flying height beyond the limit. 1In a
contact-type disk drive, the head remains in actual
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Consequently, the coefficient of kinetic friction differs froma position
,to another on the surface of the disk. The force with which the head is
“inevitably 20 dragged in the spinning direction the disk mnutely changes.

Thus, the position that the head takes in the circunferential direction of

the di sk changes mnutely, too. The speed at which the head noves rel ative

to the disk inevitably changes. The changes, 25 in the relative speed of the
head results in fluctuation in the frequency of the data recorded on the

di sk. | - 3 Experinents have shown that the fluctuation of frequency

| asts for a shor Oﬁ,& g{ofbﬁéjéu&boocéﬁté’étf%i r%@tq%%ﬁiﬁff%} nme of

about 10 us at the cen requency appr oXT mat s 5

i nf d that t - ! f j ile t j ecti f
ey eg that e STOIACRETAR, ThBt LAY A 0o il ! Nyl £fLT O, Of
fluctuation occufise Wid® ddeadead 45 undes 0ok H10q B8k Che Shi PapdPodbes di sk

drive incorporates a read channel that reproduces the data Trecorded on the

di sk. Wil e the ¢qaff cdiosmelof sSereadidyg. t her deta d1omkde sh Skxt Pemel
dat a-reproduction paraneter (e. g., PWO0, or pulse width at 500 thres¥10| d)

may vary V@ th thaeoth enir fldcd enpies desd. maf biddé ©4o o+ FPBLES NByi Ple-
applied to the disk drive fromoutside, displacing the head, while the head
i s readi ng data grigefi tdre miwskstidkt hirs tappensst acasad @y ridie wiht fdee made
and the data will not be 20 decoded as is desired. Most disk drives have a
read-error recowslitde fdirgiti on to recover the data that has been read in an
undesirabl e manner. Cenerally, this function is performed by changing the
paraneter of the readlocehareldigk ghouldeneledgraee ofopoesedtly at the
filter) or by changing the position of the head a |little to acconplish a
read-retry. A net 1g?cecar rAt RFRRR wordsy 1g shopyld diadye ia ghkeddsed in,
for exampl e, Jpn._ Pat. pl | Publication . 2000-311347. |t has
been confi’r med t:%oeﬁg%}rhees 'ea(rll‘roer S ¢ ottﬁ'bee ije%]f)N&éar%otJiW P LTS t ype
di sk drive even jf fﬁgrghgfgggyeﬁayjésﬂ%ggcgég¥¥edtﬁ¢?§d9%§n found t hat

0 [ e di's

the read error cannot be recovere N sSone” cases in drive of
A et B R R TR L R A
distributed in uniform density all over the disk.
In practice, however, the projections differ in
15 length, shape and distribution density, from
a position to another on the surface of the disk.
Consequently, the coefficient of kinetic friction
differs from a position to another on the surface of
the disk. The force with which the head is inevitably
20 dragged in the spinning direction the disk minutely
changes. Thus, the position that the head takes in
the circumferential direction of the disk changes
minutely, too. The speed at which the head moves
relative to the disk inevitably changes. The changes
25 in the relative speed of the head results in
fluctuation in the frequency of the data recorded on

the disk.



10 which devel op as the head contacts the disk (nore correctly, the
 projections of the disk). Note that "frequency fitter" is the fluctuation
“in the frequency of the data recorded in the data region of the disk. Thee

publ i cation specified above discloses 15 a nethod in which the gain

(paraneter) of the PLL circuit incorporated in, for exanple, the read

channel is changed to carry out a read-retry. However, this nethod is not

designed to recover read errors that result fromthe fluctuation in the
frequency of data 20 recorded in the data region of a disk. Hence, it is

not a Nethod that i s eLEertiued miesOuRLNOLhEAl ALY OF Scr BRLER, SUMARY OF

THE | NVENTI ON I n accordance w th one enbodi nent of the present

invention, theré&fsrpiqyddied taghiskedriyesibat caneroti abbyrreeoves, the
read errors made at frequenicyfitter (frequency-fluctuating) parts of the
data - 5 regonet A sk shaped 8§ of tha o redbim  Mpries specifdcal ly,
t he enbodi nent of the invention is to provide a disk drive that has the
function of perfeamidy Bre@oshdeidy dgpreenvetelnel o rigad. errorss made at
the frequency-fitter parts that exist in the PLL-sync data recorded in the
data regi édn of tirefermdddinthathethdy i sheo i -gkecioogrf bestuat headadicd reads
data signals fromany data regi on provided on a disk-shaped 10 recording
medi um a phase-Whickedhaapraigat i@t whi ctheehisslat memain et edmwickesi gnal ; a
read channel 10 which reproduces data fromany data signal that the head
has read from t el siheshgrdl elams namediag the slordrreisedwith the
read cl ock signal_  generated by 15 the phase-locked | oop_ unit; and a
control ler 13 whildFEHaterd LITULHAHNR Fhorhede bhddede kW unit when
the data recor deqﬁib%/ the read channel contains an error, the PLL paraneter
being related tdJ % cyfitter part existing, due to the error, in PLL

sync 20 a recorded,y data_ regi nd, whi ch_perf or ns read-retry
in accorﬁg)ﬁlce W th tﬂreﬂ%L{P%%r%:njé eer%"f%%p%f?%?%d? }f(ga%a%%aemtl?alje ﬁé%‘&
channel to read | . %ng’ P O, THE S OF
THE DRAW NG 25 %%ﬁa%%p%%éqngd%r@av%% ngs, i(;chqe}l}ee Clllnggg'r p%% tlz\ﬂ\eEg\ﬁd
constitute a parde 6%&%’@@%@%\”&%%{% itdd usivrate-gspbgdi neends of the

i nvention, and together he general description given above
and the detail edy descs-pid et idie RImok tent e gf Verrwsd oWy SRVt 0
explain the principles of the invention. FIG 1 is a block diagram show ng
the maj or 5 partwsidifh tdte Fad/hard dhe lehlamet vancprvpiortattede | am@ieretbodi ment
of this invention; FIG 2 is a block diagram of the major conponents of the
di sk dri Ve accortdimpenatutee enbodinent; FIGS. 3A to 3D are a timng chart
explaining the 10 basic operation of the PLL circuit provided in the

embodi ment; FIGS. 4A VPt ign or dikRaars iTaisee armylefyta teaddeskor is

made, which the enbodi nent of the invention is to recover; 15 FIGS. 5A to
5C are a di agr aft5ieustioRt iWf SWie arbIRR il e diead ndele viieh the

i men f i nvention,.i r ver, ;. FI GS._ bA t. r imn
gﬂg?? g§p|t aioni ;B'xeetaﬁzg 1es treoadlnsg t(Pataec roFi‘n thFeOOdlsk.GS I? tﬁlos Capapeensa, t g

a read error will be made and the data will not be
20 decoded as is desired.

Most disk drives have a read-error recovering
function to recover the data that has been read in
an undesirable manner. Generally, this function is
performed by changing the parameter of the read

25 channel (e.g., the degree of boosting at the filter)
or by changing the position of the head a little to

accomplish a read-retry. A method of carrying out



first read-retry nethod perforned in the enbodi nent of 20 this invention;
FIGS 7TAto 7G are a timng chart displaying the second read-retry nethod
‘carried out in the enbodi ment of the invention; FIGS. 8A to 8C are a timng
chart explaining the 25 third read-retry met hod effected out in the

enbodi nent of the invention; FIG 9 is a flowhart explaining the fourth
Fi read-retry nethod carried out in the grbadi nent of the invention; FIG
10 shows a paraneter table used in the enbodi nent of the present invention;
S FIG 11 is a flowhart explaining the fifth read-retry nmethod carried out

in the enbodine ey | Ak & h strating
how a nodi fi cat r%)n £ad t eﬁ%odlc%snt ope(lrfaltciéslgo% %%kaﬁ_%% %&CR%%#] ON OF
THE | NVENTI ON A@qﬁggpdlﬁgﬁgIcﬁugjgbégfgﬁwﬁolrﬁﬁﬁﬁlgqugw+l be descri bed,

with reference to the acconpanying draw ngs. FIGS. 1 and 2 are bl ock

diagrams. FIG 1 showst 15as heed®] @6nPRFHSdOthiPetheadéngi ér6hanaghot
i ncorporated in an enbodi nent of the invention. FIG 2 depicts the ngjor

component s of thse disdowta® ac cehdli dgh tt Lot -heywarboss redt 1 vé Diedn Drfve) 20
As FIG 2 shows, the disk drive 20 that is an enbodi nent of the invention
conpri ses fa di sketshapsd+scoryi g pradiammdd andl @ negisdere feadd 2that
(hereinafter referred to as "disk" and "head," respectively). The disk
drive 20 furthertlocomradesrmspiardiat ot ore@sve1SRA) 118, same azda st oin4, a
voice coil notor (VCM 5, and a notor driver I1C 6. The disk 1 is secured to
SPM 3 and can t Hérefdrsk i irea atfedheadhi ghingpeepe, ¢ithehe Aiakvdihas a
nunber of tracks 200, which are data-recording regions. Note that the disk
drive 20 may be Of FHe XSAL ST HEVYeRl i Y BRI HORED T bet LHM of

(e ordinary. {yRgd e sthel e heat, 2 & ustel Ly oet)ng Py kel contac
10 which develop as the head contacts the disk (more
correctly, the projecticns of the disk). Note that
"frequency jitter" is the fluctuation in the frequency
of the data recorded in the data region of the disk.
Thee publication specified above discloses
15 a method in which the gain (parameter) of the PLL
circuit incorporated in, for example, the read channel
is changed to carry out a read-retry. However, this
method is not designed to recover read errors that
result from the fluctuation in the frequency of data
20 recorded in the data region of a disk. Hence, it is
not a method that is effective in recovering read
errors.
BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
25 invention, there is provided a disk drive that can
reliably recover the read errors made at frequency-

jitter (frequency-fluctuating) parts of the data



wite head el enent. The read head el enent is designed to read data fromthe
,disk I, and the wite head elenment to wite data on the disk 1. Both head

" 10 €l enents are nounted on the slider of the actuator 4. \Wen driven by the
VCM 5, the actuator 4 noves the head 2 to a target position over the disk
1. The target position is the very track, from which data should be read
and on which data should be witten. 15_The VCM 5 is driven by the notor
driver 1C 6, which is controlled by a CPU 13 provided in the disk drive 20.
The notor driver IC 6 incorporates a VCM driver 60 and an SPM driver 61.
The VCM driver 6 uppl ies a,driv e th The CPU 13
controls 20 the lr%% locir?rp rifvaerdjls&é g}l%é:%é:hp‘%%éfﬁlr%gc%%%‘é the SPM 3 and VCM
5. The disk 1, head r 4 t ive IC 6
constitute a head/ di ?&O%@éﬁ%‘f?ﬂ‘%%‘fs%'esﬂeﬁe%ﬁ e%%?lguegﬁ 9EEhely, “the di sk
drive 20 25 conpiings fofi{SWd SYSEER TNei Sk "G $e SHIEMLONPLE SES 2

read/ wite (RFW channel 10, a preanplifier circuit 11, a disk controller

(HDC) 12, _ Grundterhoy ;s doined £Rkb A3y r &gy ar drerdyydd. tHbe

preanplifier circuit 11 has a read anplifier and a wite anplifier. The

read anpligier amddfdeomhynsdgnat that fidensnag- Netate el eaend  tiest r ead
from5 the disk 1 (hereinafter referred to as "read signal"). The wite
anplifier converdsisnyirsitgmlPldutgutc fdam thecd¥ ¥ hamnghe Idet®d wegignal
representing the data to be witten on the disk 1 (hereinafter referred to
as "wite signaldy tlkhenagtiue. si gnal generated by the 10 wite anplifier is
supplied to the wite head elenent. The CPU 13 is the main control device
in the disk drive 20.The ¢eiVerdbsskceampebdes bl athepdsihioh reedteddta at a
desired position. It also perforns read/wite control (including the
control of read SEEN&ELT VHTomMANetthYy BROioRIRERE deRAR & HANra#hRReY | ash

PROM that |. vol ati | .. The fl ash t
par et e abl & O THAS TEGNEY 1 RHE T eiEiet 137 Bparans o (BRI G 10,
or schemat | ¢ 1 eprgsenlatd of of, 4 he hat amLel, { abl £, 140 20, The, HOC 12
unctions as ho Interface and I's connected to a host SyStem (e. 9., a

per sonal "corput afy A%, & & dle SRt ad s 101 dech oyt sl the di sk

drive 20. The HDC 12 functions as disk interface, too:” 1t transfers signals

to, and recei veqegn Hadsad roBm e '%{i\/ylgi;s%gﬁ}f‘é%éﬁec&ﬁ?ﬁﬁg Ghadngh) The

R'Wchannel 10 is a signal-processing IC J - that processes read
signals and wi tih e fon A Wi tSthCasesd dlodls fidiM ddedtd ©dd Regponse

Maxi mum Li kel i hood) data channel. The R/ W channel 10

15 the phase-locked loop unit; and a controller 13 which
alters a PLL parameter of the phase-locked unit when
the data recorded by the read channel contains an
error, the PLL parameter being related to a frequency-
jitter part existing, due to the error, in PLL sync

20 data recorded in the data region, and which performs
a read-retry in accordance with the PLL parameter thus
altered, to cause the read channel to read the data
again.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

25 The accompanying drawings, which are incorporated

in and constitute a part of the specification,

illustrate embodiments of the invention, and together



incorporates a read channel. FIG 1 shows the major 5 conponents of the
read channel and sone el enents provided in the RRWchannel 10. As shown in
FIG' 1, the read channel has a variable gain anplifier (V&) 100, a

| ow- pass filter (LPF) 101, an A/D converter 102, a digital equalizer 10
103, a decoder 104, and a PLL (Phase-Looked Loop) circuit 105. The VGA 100
is an anplitude-adjusting circuit that recgives a read signal fromthe
preanplifier circuit 11 and mai ntains the anplitude of the read 15 signal
at a predeterm ned value. The preanplifier circuit 11 anmplifies any read

signal the read ec?ldttg% %{}glet}%q‘d d%s}?:aﬁﬁt%%qx f4Qm %dj‘}‘f:(aé’g? tkhe read

signal anplifie anplifier crrcurt 11 1's supp to the RR'W

channel 10. The dekh 1304 ILEMESH IS S R Zdif %jig)@% HURppL from
the VGA 10d. The A/ D converter 102 receives any read signal fromthe LPF

101, which is aneanR’l ¢ Yx@lalin ahd GRNVRIES dN& Sitanalidvera idigi tal read
signal. The equalizer 103 includes a transversal filter as in 25 nost

cases. It receives thedl i tid 4 eAdst gialg@aid Honges the wawef orm of the
signal to a prescribed signal waveform The decoder 104 is a data-decoding

r - 11 cisreuit pefrtBRME thee raad /mweitedutesiridie idaticardaremddenr ead signal .
The data reproduced is supplied fromthe decoder 104 to the HDC 12. The PLL
circuit 105 genematadoalimead clfodhisi gmaterfiCnit hat the A/D converter 102
uses to convert analog read signals to digital read signals. The PLL
circuit 105 incl udes Elphasd canpdratiordidmarmpast the ma] QU pROMRATERt S

vol tage-control led oscillator (VCO. It is one type of a feedback system
10 The PLL circ@ift thes dedeidrdy e REGOEL 1Y FtalthEa aipdigendi‘gnal ) out put

fromthe equalizer 103. In the PLL circuit 105, the output signal qf the
VCO is controlled to gAp&@déDerarﬁ%éd UL rcg"faaﬁti R/Jiatlrpgjt% 'ﬁ'}ﬁ)ut
read signpal input (i.e., a _nmodul digital, 15 .signal).., That is, the PLL
Circurt 105 supficas SPPaETaToEE SrsnLICE i Y ie BRAC S AR 6718102, The
read cl ock si gn%lntbgdilﬁl%%tt_he sane frequency and phase as the read signal
(the nodul ated data recorded). As FIG 1 shows, the R'Wchannel 10 further

20 conprises a PLL contdol & nide W36 The Rdareontne &Gl typhP6 sets a
plurality of PLL paranmeters in the PLL circuit 105. Anong the PLL

paraneters are theehdmer¢oand sg@iadel, Okvntilt® at@UicHddamemde,r WhHeh accord
with a read-gate signal RG and a gain for the 25 tracki ng node. The CPU 13

refers to the panhaeeitdont dl eo 4@covered in the nmenory 14 and causes the
PLL control circuit 106 to set PLL parameters in the PLL
15 FIGS. 5A to 5C are a diagram illustrating why
another read error is made, which the embodiment of
the invention is to recover, too;

FIGS. 6A to 6C are a timing chart explaining the

first read-retry method performed in the embodiment of
20 this invention;

FIGS. 7A to 7C are a timing chart displaying the
second read-retry method carried out in the embodiment
of the invention;

FIGS. 8A to 8C are a timing chart explaining the

25 third read-retry method effected out in the embodiment

of the invention;

FIG. 9 is a flowchart explaining the fourth



rr - 12 circuit 105 or change the PLL paraneters set in the PLL circuit
105. The PLL control circuit 106 includes a timngadjusting circuit 106A
and ‘a gain-adjusting circuit 5 106B that corporate to set and change each
PLL parameter. The tim ng-adjusting circuit 106A adjusts the timng that
the CPU 13 has set for the acquisition node and the timng that accords
with the read-gate signal RG The gain-adjusting circuit 106B adjusts 10
the gains that the CPU 13 has set for the acquisition node and tracking
node, respectively. Note that the read-gate signal RGis a timng signa

Gt -1 ecor ded ont TG a7 Gk 170 18 e T GoRtr of Tor Feu o I06 Garebbs 1 he
operating condit{QEs; RfehbeoflL circuit 105, holds the information
representing the operating condition detected and supplies the information

to the CPU 13. The opergli ng saBflkt hoparhfetederanPBaggear iar tae 20 a
frequency error in the acquisition node and a phase error or a frequency

error in the tragihogimede. of Deha-Readeént peeatien; and PLL Operation) The
dat a-readi ng operation performed in the disk drive 20 and the basic

operation ®»f the PLL EiGcuill 25 40blwiwthabe deptrihedg whehfietrrence to
FIGS. 3Ato 3D, FIGS. 4A to 4C, FIGS. 5Ato 5C and FIG 9. As shown in the
flowchart of Fl Ge&d-téerTPukil3od cardBediouti dhi Zes ¢heodbmaterofnot
shown) that counts the nunber (RN) of tinmes the read-retries perforned
(Step 51). Then,th@¢elmpentiBonitiged the notor drive IC 6 to read data from
the disk 1, in response to a read 5 command supplied fromthe host system
30 (Step S2). More prEE@seF% ighe @@RW@FFVErlG8u§F6§FHéG h@wt he notor drive

|C 6 drives the VCNH? ch|r1 urn driyv the actuator 4. As a result,
the head 2 noves®t®P h%l?%Ph%T ¢ aE@e(%mbﬁglm??%cﬂp%EESG%nd then read 10

106 whi i tor %G‘Cﬁhi ?Eﬁ%‘éﬁ%ﬁ%ﬁ@%ﬁ@ A a1 he ‘phL
105 ,

' 12 15 suppl 65 a Fhadaarenent af rRE TRt RESE o Binktbe 4Tt ueq gnat i ng

the timng of st tidg.{Ne.4eagi fig Péfélﬁ%ﬁce +d h@nér%&%&&%&he di sk 1

consists of a plurality of data sector data regl ons 3A 20
shows, each datags£ei®gsi s conposed of a PLL-sync data region (PLL byte
reglon) 300, a sync byte region 301, and a user data region 302. Recorded
in the PLL-sync data Fegsonl 380di 3 syacbUatr &bagrhas.a predet egpbred

frequency (representing, for exanple 2T patterns, 25 where T is one-bit
time). Relcorded thre triee] oy neablys eof eh@nrSd/wsi sy nchatmtal t hatorpolr sedées t he
starting point of the user data region 302. Recorded in the
in an embodiment of the invention. FIG. 2 depicts
the major components of the disk drive according to
the embodiment.
(Disk Drive)

20 As FIG. 2 shows, the disk drive 20 that is an
embodiment of the invention comprises a disk-shaped
recording medium 1 and a magnetic head 2 (hereinafter
referred to as "disk" and "head," respectively).

The disk drive 20 further comprises a spindle motor

25 (SPM) 3, an actuator 4, a voice coil motor (VCM) 5,

and a motor driver IC 6. The disk 1 is secured to

SPM 3 and can therefore be rotated at high speed.



- 14 user data region 302 is the user data transferred fromthe host
system 30. The head 2 starts reading data fromany data sector on the disk
1 when the read-gate signal RG 5 becomes active in the PLL-sync data region
300. In the read channel, the PLL circuit 105 generates a read cl ock signal
CL fromthe signal read fromthe disk 1. The read clock signal CL is
supplied to the A/D converter 102 so that gata nay be reproduced from 10
the read signal. As indicated above, the PLL circuit 105 can operate in two
nodes, acquisition node (AM and tracking node (TM. The PLL circuit 105

operates in fhe eAUALL! OHADAL AonbONG, AScHEL 8o 0311 ShORAL 15 PG 1S

active. In the acquisition node, L cifcuit™ 105 fast adj usts the

frequency and p@é@a-ofeé%irr?fdréém. t?\r}%{%ﬁgg the &l%%]g QUi put,dromthe

equal i zer 103. In the acquisition node circuit receives data

having a prescrighad R0 df egue angh rgad-f rona tdes Pl byy end£9i on 300.

This data is the read data. While operating in the acquisition node as

shown in FIG 3,cdheadlloidEuiie I GaY ¥ edpse iheaviphaseries rodaang
freqeuncy error in the read data to 25 perm ssible values, if it has no
troubles & all.udNmld i hizltodthiengphese kerkary amshitdret ftlegueingly error have
been made in the voltage-controlled oscillator (VCO. T~ ° 15 When the
acqui sition node periDte exgid 3, comer pi¢s ci reedd HO5d s¢ hemenbpandtang in
the tra cklng node as illustrated in FIG 3D, In the trackin g node, the
PLL circuit 105 YUpdrathend relastidancihantend Hieadtekenmnts spedesifnede SPM
3. Usuall Y. its gain is decreased _in order not to malfuction when

i nfl uenced by ndis&ead K13 Keomrihe Rlsils thand Hée maekis ReFlL- perati ng

node in which the fre ue g node i ncy and phase of the read signal are
sl owl y adj ust ed e[elednet%st@ ot e ‘%ﬂ’daﬁ R gtisk rom BRtedirad zer 1 03,

inen the 9L, L SASRAIST W DR A% 14 e oY A eading aperption
) cad e P AT S 10 ) (e S0 LS st
head 2 to a target position over the disk 1. The
target position is the very track, from which data
should be read and on which data should be written.
15 The VCM 5 is driven by the motor driver IC 6, which is
controlled by a CPU 13 provided in the disk drive 20.
The motor driver IC 6 incorporates a VCM driver
60 and an SPM driver 61. The VCM driver 60 supplies
a drive current to the VCM 5. The CPU 13 controls
20 the motor driver IC 6, which in turn controls the SPM
3 and VCM 5.
The disk 1, head 2, SPM 3, actuator 4, VCM 5 and
motor drive IC 6 constitute a head/disk assembly.
Besides the head/disk assembly, the disk drive 20
25 comprises a circuit system. The circuit system
comprises a read/write (R/W) channel 10, a

preamplifier circuit 11, a disk controller (HDC) 12,



). The nunber of tinmes (MAX) the read retrY can be repeated is limted to,
for examle p ~ 256 times. The CPU 13 determ nes whet her the nunbe r of
tines (RN) 20 the read-retry has been repeated exceeds the nunber of tines
(MAX) (Step S5) , Tf the read-ret rY ~.s repeated nore tinmes than the val ue
MAX (if YESin Step S5). the CPU 13 determ nes that the read err or cannot
be recovered and stops the RFRWchannel 10. d n this case, 25 the CPU 13
supplies a signal to the host system 30 via the HDC 12, inform ng the
system 30 tha t an read error has occurred in the R/'Wchannel 10. - 16

(First Read-Retr ]9?‘%'1@&%? hes he 2 e projections of
the disk I, forﬁ?ﬁggi requency- %#f%ﬁéféﬁi %% A??ﬁg%ﬁgyﬁk?}sync dat a
region 300, as i1l ustegd eg gl £k Gy 405 c b1 ENeL [ AEQUENEYSGT LBT1 PRLE 300A
the frequency of the read signal 1s fluctuating for a short tine. In the

dat a-readi ng opefd i PNyrifie dMd1 CiTemi t 100 Pasd dahs] Af ¥el ¥ BI BEc g1 N
during the 10 acquisition-node the period (AT), as is illustrated in FIG

4B. The gain of dme FAdnLl rendt 405 i Ckhyaghangesnt mascosganceomi th the
read signal. If the frequency-fitter part 300A lies in the mddle of the

PLL-sync data regheondi30,1 t (teefe Rpney o féteedutPuds 1'5retad as ddnd he) PLL
circuit 105 will probably regains the normal value before the PLL circuit
Z05 ceases to opEratvwerite tdmp bichiesicomvenosiear{ AM i gnianl adumeputvof dsy t he
frequency error exceeds the perm ssible value in only the mddle part of

t he acqui sition-fRRIKAD Pgeannel (WNto Thes fgnyucrryrésenteingahe 300a may |ie
near the end of the acquj sition-nmpde period gAT) as shown in FIGS. 5A and
5B. In this case:® t YidditRh@r dihe e Dutbutherp naftehergierredciet 105

exceeds the 25 pernjssible valug, for long, time, as seen fromFlI G 5C
That is, the fréaq%(ranr’{*é’i/ltcﬁ ﬁlt%rl%ﬁt)put '@?ﬁé"’ te et Pral gsrenatad P ot

operate I 1 he QST Tt (AN PR ENRS, 14 HE o e ot M A SFethe pLL
circuit 105 will Iikehy, cianops f{OM{DG, 20U ML EOD FBYE.L 0 hgnd T acki ng
node. In the
disk drive 20. It performs servo control to position
the head 2 at a desired position. It also performs
read/write control (including the control of read-
15 retry). The memory 14 includes a RAM, a ROM and a
flash memory (EEPROM) that is a nonvolatile memory.
The flash memory stores a parameter table 140 that is
used in the read-retry operation. (See FIG. 10, or
schematic representation of the parameter table 140.)
20 The HDC 12 functions as host interface and is
connected to a host system 30 (e.g., a personal
computer or a digital device) that is provided outside
the disk drive 20. The HDC 12 functions as disk
interface, too: it transfers signals to, and receives
25 signals from, the R/W channel 10.

(Read Channel)

The R/W channel 10 is a signal-processing IC



5 tracking node, the PLL circuit 105 has a relatively small gain and it
takes nmuch tinme until the output data of the circuit 105 regai ns the normal
val ue. Consequently, data cannot be read in the desired manner fromthe
sync byte region 301 or the user data 10 region 302. This increases the
possibility of making read errors. Thus, the CPU 13 changes a PLL paraneter
to I engthen the acquisition-node period (Al by tinme 600, as is shown in

FI GS. 6A and 6B. More specifically, 15 the CPU 13 changes the tim ng set by
the tim ngadjusting circuit 106A incorporated in the PLL control circuit
106. The read-r erfor el.o he. ency-fitter

q:tl'{ayt gierg}%egsr%erwm&% t% adlg én%%xeisté dsglt%r[%.d EZ%SI_ in

part 300A at themd acquisition-no e ). This

enhances t he po?r[‘agad;/gat%glhafﬁ tlth_ﬁ LYms dafa of) %&g&k&ir{%&%ﬁu&%

regai ns the nor ue unti e acquisition no riod expires. In

other words, the, jesiehr ide aivdhddie, freqenay @{dme exeeeds the 25
perm ssible value in the acquisition node (AM becones short as shown in

FIG 6C Hence, itrh®rieadiied ra/ QR dHathdepr aduses: tiendatind mayyral way,
t hus ' a - 18 recovering the error made in data-readi ng operation.

(Second Read- Retgompdrdid) ofherse el redachiel randreddiasl dlhatercan be
performed in the present enbodinent will be described, 5 wth reference to
the tim ng chartpmfvikleds.in/Ale R/@ divarideel slstond read-retry nethod, the
CPU 13 changes the PLL paraneter to delay the start timng of the

acqui sition-node perifs RN byn aFder ilod 709, read idharnehtlmaks ian FI GS. 7A
and 7B. Although its start 10 timng is del ayed, the period (AT) is just as
long as in the daddakHeér @adday ampsliy i (VGPor el O mery 1ot as s Hellter
acqui si tion-node _per.i od _(AT) r%nains unchan%?d inlength, its expiration is
del ayed by a perid 700 %s defr/dt SPARHHES. L 02n éhFiAB tads efups 128U1 t, the

frequency-fitter. part 300A Jie t the, mddle rt of_ the ui si tion-node
peri od (ﬁ?) as inmthé é%§é34qq 3& rat?E i%clslc'—ilIG &%’ésqqe[f?@gfecfﬁ'g’ ri od during
whi ch the frequ%crycé%r{rq_r%exceeds the perm ssible value is shortened as

seen fromFI G ' hi's ‘enhances the possibility that the output data of

the PLL circuit 105lﬁﬁgﬂvghtfﬁbrygr%ﬁﬂéﬁ?%ﬁkngigdjggkir i§¥%ég?9 expires.

Thus, the read-retry operation repro ata 1n no

recovering the anar /R Jdy GatradLadifith 0RYAL i1k ARakpidetiay the start
of the acquisition-node (AM operation, the CPU 13 may delay the supply of

the read-gate sicgnauiRG1t10 drite rdR@ thd nFWHd emptitdd lof tire Kadontrol
circuit 106 nmay have a delay circuit that receives the read-gate signal RG

as input 15 n thissgade,att ke pCledet? radmiadvea tdee delray preaoup 1t fitdrer eby to
delay the start of the acquisition-node (AM 5 operation by any desired
time. circuit 11 amplifies any read signal the read head of
the head 2 has read from the disk 1. The read signal
amplified by the preamplifier circuit 11 is supplied
to the R/W channel 10. The LPF 101 removes noise from
20 the read signal output from the VGA 100.

The A/D converter 102 receives any read signal
from the LPF 101, which is an analog signal, and
converts the signal to a digital read signal.

The equalizer 103 includes a transversal filter as in
25 most cases. It receives the digital read signal and

changes the waveform of the signal to a prescribed

signal waveform. The decoder 104 is a data-decoding



If the frequency-fitter part 300A exists immedi ately before, for exanple,
the sync byte region 301, the CPU 13 sets the PLL circuit 105 in the

acqui sition node earlier than usual. The PLL circuit 10 105 can therefore
operate in the tracking node during the latter half of the period that
corresponds to the PLL circuit 105 in which the frequency-fitter part 300A
exists. In the tracking node, the PLL circijt 105 slowy adjusts the
frequency and phase of the read 15 signal to those of the data output from
the equalizer 103. Thus, the PLL frequency would not greatly change, and

t he read channel .. g t tayl i -Retr
Met hod) 20 The t%l&ra(gllrtggdf?%@y %%gaﬁ L%ﬂ}g%{]@%%%? g%#e%d?%er?ﬂ%&gr egent
nbodi t will cribed, w t 4,00 0Hok f GS.

BA Lo Ba In thd Sl BT e Rl Sitaiced M BB Ef dord il

term nating the PSS tidon-v@de,d AMc 25 operation and the |ength of
acqui sition-node period (AT) are the sane as in the case where the data is

read in nornmal way, ashEaprbecsean from Rdserdfednd read 2locBBsidmal he
third read-retry nethod, the CPU 13 changes the PLL paraneter to decrease
the gain tshat t ity RHatcitteid/HEproMmtiars 102 thseactyi sdivert nmaelddAM . 5
In the third read-retry nethod, the PLL circuit 105 slowy adjusts the
frequency and phasel fidree 5 dad dGiginad ]l treadcsiggnofl ¢ he Ted Pldutquutcfitom t he
equal i zer 103. The frequency error due to the frequency-fitter part 300A

t heref ore decr eddds imallades a ehdse fqapaAL R0 ofovtra sl igmalLEBee
FIG 8C). This renders it possible to reproduce the data in norml way,
recovering the radH Wlritrde [T H Rch el ha gt hOO)The ¥ rist ane t hird
read-retry methods, all 15 described above, serve to reproduce the data in
nornmal y way, in 9ft &% thfedask -PE5 f1 uct uation of frequency due to

the frequency-fitter part_300A that, |J in the PLL-sync data region 300.
rosurre I The ot Ty BHe GHGT eI EF oo [He B HEeyHeaitta regi on
300, but also th t cQJ. dintnﬁ t.a regi 30 ge in terns
of frequency. Th@an%%fﬁetaaaen%l a\ldctoua |1%chle§raos sﬁ}eon%@a;inlaz eﬁroglﬁ'f the

read-retry ethag, dlesgr ided. AOMS £ANHLAUEN L e dieAT & Tl Whe fourth

read-retry neth 25 according to the I nvention can recover the read error
even if the frequanrasiflldctiatiOn |AYeddittndeddiadte xR @i diedy i h
reference to FIGS. 9 and 10. - 21 If the nunber of tinmes (RN) the
read-retry has heen imgpaatretdegsynyt iexaaed it ke, nunerdudfa tddresi o )
(that is, if NOin Step S5), the CPU 13 refers to the paraneter table 140
bef ore pérst or m regidrizd )nextTha tr dag- rdter WLITe dbecwunior €l i exirgel idshen GRRIAdL3
reads retry paraneters fromthe paraneter table 140 (Step S6). The CPU 13
alters the PLL pamaretsdorefl Qe tRLIths PG tcaBRstremdd® darfee wigad t he
retry paraneters read fromthe table 140 (Step S7), thereby causing the 10
read channel to Glesk tHINFd: &ladesn. thss Ssqmmfpnermrar@y Fnd e ssaradvet er

tabl e 140 contains a refry paranmeter whjch is the PLL paraneter for the PLL
circuit 105. Th&%trﬁ?‘%a%ﬁpﬁétler(%i“f?édﬁwetdn %ﬁ%ﬁg%d) ., the timng
(T1, T2 or T3) of 15 st i ng, the acqui,sitjan-node operation, the gain
(Gal, Ga2 or Ga3) f oY ﬁﬁref_datgluiSls}%qwsdnﬁ%eded@ﬁgﬁat%‘?(f 21%% sy gain (Gl ,
@2 or G for e Lrackingude, (W) engralionghe R g, aldahs, an

inary retry paraneter to 50 carry out "an ordi'nary read-retry. te That the

ordinary retry %&%Iﬁtterldé 4580 A%H13.RANAPLE Bl d NG dead ahpiigl uses
to reproduce the data fromthe
PLL circuit 105. Among the PLL parameters are the
timing and gain for the acquisition mode, which accord
with a read-gate signal RG, and a gain for the
25 tracking mode. The CPU 13 refers to the parameter
table 140 stored in the memory 14 and causes the PLL

control circuit 106 to set PLL parameters in the PLL



disk 1. The ordinary retry paranmeter includes the degree of boosting at the
LPF 101 and the position 25 offset of the head 2. In the present

enmbodi ment, the CPU 13 alters the ordinary retry parameter, performng the
first - 22 ordinary read-retry to the 128th ordinary read-retry. The PLL
paranmeter holds the intial values (T1, Gal and G1l) while the the first to
128th ordinary readretries are being pecfoged. .5 To performthe 129th
ordinary read-retry and the subsequent ordinary read-retries, the CPU 13
refers to the paraneter table 140, causing the PLL circuit 106 to alter the
PPL paramet er of L, gk rcui h i e Thus,
the 129t h ordi na?%’p%f#e%%r(g%réh%g@et %ésg]gge%%é%l%?%lgnéa% ?Ié%%?etri es
are crried out. ghe LPkLdBralgers the PLL parameter by using the timng T2
of starting the acquisition-node (AM operation, which follows the timgn
T1, or the timng 15 FRethpt EGhtP¥S Ehechiftl 906 T2ncTHEeSPY E3mahgers the
PLL paranmeter by using the gain Ga2 for the acquistion-node (AM oOperation,
which is small eraghastihe ¢nidhpt Vobaeaf&ah)gaOfi-d8eugaingGadrihat i s
smal l er thant the gain Ga2. Further, the CPU 13 20 alters the PLL paraneter
by using the gai n0&® 2tfiat ¢depdraicki g- sodeatd Mhapes agachn, Pbi ch is | arger
than the initial gain (Gl), or the gain G3 that is larger than the gain
G 2. More speci fpzedhgter he TRY UBnmhgeadihet Phd @brpaiantter agjustag t he
timng Tl initially set, as timng of starting the acquisition-node (AM
operation, whiletheetipong that3thel ¢RAJLE tas esetrfor thelacyeisgtierried
out. Throughout the acquisition-node (AM operation, the CPU 13 alters the
PLL parameter by"R3% miPe hleneaf o Ehak #CORES stkph sHad | Bpadngate he

oot il S AR AP BRI S
Starting The acarheiTiohe naiet (4 SHorht i B s0h sy MRt R PRI gai
Coadentry and ehIS Tl CeAOBNS Hoae TeS AN v ORET Dol M P0Gl 1.
alter the PLL paf%(?’—ffété)ysi’gsﬂé"ﬂ i girﬁfe%]néiﬁxﬁgéc '&éalt@@Ep%ﬁ_Nt%ﬂefhéhe

the initial gain as PLL galn e 15 ng- node operation.

In this read-retunyc met hagh &4 i G5 af Bnpes fof esb duefi@r (1deq prglj nary
read-retries (i.e., the first to 128th read-entries) have been carried out.

It is therefore fiossddte tecowdayesn ttiee rébgk error that 20 may result in a
relaitvely long-termfrequency fluctuation. Particularly, the PLL gain for
t he trakildg- nrode (TMTlopefhl i conttaml beisenitt 1 a6 vaévecys ebheropbratihe PLL
gain (Gl) initially set. Thus, the PLL circuit 105 can fast adjust the
frequency and 2% el gts thfe FheaadPlsh gubfcu bt t Hose plddethat a out put from
t he equalizer 103 in the tracki ng-node operation. As a result, the

PLL- frequency er¥ofOiRAHIGH meRIEsenting thgy RRRT Myl *hepSbab?R ity of

{ho mai 1 1 oad- 1 55 SRARRy TR I 1o S SRFERY ORR o { Het LT pht ant ef
The operating conditions include a phase error or
20 a frequency error in the acquisition mode and a phase
error or a frequency error in the tracking mode.
(Data-Reading Operation and PLL Operation)
The data-reading operation performed in the disk
drive 20 and the basic operation of the PLL circuit
25 105 will be described, with reference to FIGS. 3A to
3D, FIGS. 4A to 4C, FIGS. 5A to 5C and FIG. 9.

As shown in the flowchart of FIG. 9, the CPU 13



5 is repeated after the ordinary read-retries have been carried out. The
nmet hod may not be desirable if a read errror is frequently nmade at the
frequencyfluctuating part (frequency-fitter part 300A) of any sector

provi ded on the disk 1. In this case, the main 10 read-retries should be
repeated after the ordinary read-retires. Consequently, the main read-retry
must be repeated nore tines than otherwise;3zThis |owers the efficiency of
reading data fromthe disk 1. In viewof this it is desired that the main
15 read-retry, in which the PLL paraneter is altered, be performed prior to

the ordinary re PE‘H | €55 ( Hét%ﬁp@&?@{é %cglc}gd) T&p@ %&% r&@g retry

nmet hod that can be per orne e pre &> deser | bed,

with 20 referenggisf heral) QYEhaHe Oftild G diride Sdifdrfeqd-retry
met hod, the CPU 13 det eéraRm)nes whi ceh shoul de%ae“rperfor rre%l #rst @t he ordi nary

read-retry or thesyed ns1ead-middy. citheredat a dsi yeproduicestdn aofval rpay,
the CPU 13 25 determnes this (if NOin Step S12) and stops the read

channel . If the R LS albtddtid nfxson ate tdisidat a4 Hasréioheents eprosuged in
normal way (if YESin Step - 25 S12), the CPU 13 determ nes the

oper ati ng scondi tadamanfd thpAliledi ffmon ttHOShosta detdh [3Comted 2y cuit 106
before starting the read-retry and discrimnates the retry paraneter (Step
S13). 5 More pré&iselpredineGhU i aliMideisvahes Uateowabbed irhetlid L error
whi ch has been nmade in the PLL circuit 105 during the acquisition-node (AM
operation and widPy i igteslG ¢ rdgiaryche g and vihighasin efuor. From this
data the CPU 13 determ nes whether 10 a data-acquisition error has occurred
(Step S14). If YESVeP dihg asfAlatare CPUAS T HeRRt 1 H’ehehhﬁérfb DMEERF t i ng

t he ach|S|t|on (A erati nd the PL n

acqui si ti on- nodé" otye‘r%% thﬁe eet%/ ’pe’?]?ad?%'aé%o) "écgot%}eé? 5Pt ep

S17). 15 I the adi 1e RLL control circuit 106 detects the
operatln& condltlon gg&F%qHEi CUI ETH% hol ds the data representing the

operating condition afg (glaér e Igﬂﬁ %D#I]&h Jﬂe lgP'E a1§é)nt ai ns

two data itens. The first atalt epresen ase error- or

frequency error Jmde, ijh tﬂ?&rﬁ%ﬂt%'&l‘sortﬂ@%ﬁ)%@édl@ 10T5he sgppnd data
itemrepresents the phase error or frequency error nade in the

tracki ng- node opgiratidn.edlhaHPB1E3 cicauiires dhedadas abputrdie PLL error
25 (i.e., a frequency error and a phase error) made in the PLL circuit 105

during the trackihagmeidecopdraatt @perBEe fdPU B detiey rines, whed hasc tipe PLL
- 26 error exceed a predeterm ned value (Step S15). If YES in Step S15,
the CPU 13 al t erssiprie e la gaiad-fomte e drradc G g=arothee Gt attiaomeX Her eby
performng a readretry (Step S18).
designating the timing of starting the reading of
data.
The track 200 on the disk 1 consists of a
plurality of data sectors (data regions). As FIG. 3A
20 shows, each data sector is composed of a PLL-sync data
region (PLL byte region) 300, a sync byte region 301,
and a user data region 302. Recorded in the PLL-sync
data region 300 is sync data that has a predetermined
frequency (representing, for example 2T patterns,
25 where T is one-bit time). Recorded in the sync byte

region 301 is sync data that indicates the starting

point of the user data region 302. Recorded in the



51f NOin Step S15, that is, if the PLL error does not exceed a
preqeternined value, the CPU 13 carries out an ordinary read-retry (Step
S16). In the ordinary read-retry, the CPU 13 alters paraneters other than
the PLL paraneter. 10 In the fifth read-retry nethod, the CPU 13 determ nes
the cause of the read error before it perforns a read-retry. On the basis
of the cause of the read error the CPU 13 ¢an select and performa
read-retry that is nost likely to recover the read 15 error. That is, the
CPU 13 carries out an ordinary read-entry first if the read error has not

resulted from arﬁ/sbé??da;% fxé%‘gditcﬁg@@z of s SEEOTudEr tafffﬂ?@ﬁ%%%éatfl%m part

300A). If it can be in t the read error has resulte rom a
PLL-rel at ed causge ths2Gf Y Bperforms a main read-entry first, in order
to alter the PLL paraneter. Thus, the possibility that the read-retry for

recovering read errorghé sheid erteeatis StcddChigagesa fhbn &3p ghosten the
time required to recover the read error by performng a successful 25

read-retry. (Mdiddtoat ian e tdiesiEnMbodherentl)e Thead-epik¢ ed Tynaetk®d enpl oyed
in a nodification - 27 of the enbodinment will be described below A
frequency-5 | uct usddanepagrdtiee i ,tHe julenctyidc tdara paedi@00F)0 doekn not
always lie at a position where projections protrude fromthe disk 1. In a5
frequency-f | uct udid meeashrahdyialy dihe Rolsi ¢3oriliihek @5 neepg ol ees i onmsead
protrude fromthe disk 1, data can be recorded in normal way if witten.
The nodi ficati orf¥Ck Hel Ebodilneiion sthiraseponl t1ead e Hery ¢l Yetries

are carried out in the pnodification will be 10 described, with reference to

the flowchart offg &eamd clqakSial Hdad D FHRRSsl et kAR disk 1
(Step S21). The CPU 13 det i ne ether a read error has been made (Step
§2) " 11 NGt UG ST et GIFTa T oo R a1 5. 18
if area rror : the CPU 13 perforns a read-retry to recover
t he readqéfror égﬁiﬁggggfgﬁﬁgyf, the CPU 13 determ nes whet her the read
error still exists (Sﬁ‘@jh&%atééda el gP%LﬂBcifmﬂslégecggad-retry

t e

and det erm nes whet her e 20 read-retry has en repeated a predeterm ned

nunber of tinmes fhan 25 tud MNAdd] SIRRLSAD: 1 S aERET Bk oA Ur NS to
Step 523. In this case, Steps S23, S24 and S25 are repeated until the

read-retry is repeailechd ody edet)er mimed prunrherr@fif i 165 .ogddraMES idn St ep
S25, 25 no nore read-retries are carried out. If NOin Step S24, that is,
if the read errdrhenadonigert iexi sitld @&s tlwng el Bre aredthsydieens gtaver ed) ,
15 RG is active. In the acquisition mode, the PLL
circuit 105 fast adjusts the frequency and phase of
the read signal to those of the data output from the
equalizer 103. In the acquisition mode, the PLL
circuit 105 receives data having a prescribed
20 frequency and read from the PLL byte region 300.
This data is the read data.
While operating in the acquisition mode as shown
in FIG. 3, the PLL circuit 105 can reduce the phase
error and fregeuncy error in the read data to
25 permissible values, i1f it has no troubles at all.

Note that the phase error and the frequency error have

been made in the voltage-controlled oscillator (VCO).



- 28 th® CPU 13 wites the data again in the data sector fromwhich the
data has been read (Step S26). Further, the CPU 13 carries out a
verification process to read and verify the data that has been rewitten 5
in the data sector (Step S27). The CPU 13 then determ nes whether an error
is made in Step S27 (Step S28). If YES, the CPU 13 perforns a
sect orreassi gni ng process, replacing the data sector with another data
sector (Step S29). 10 As described above, the data is rewitten in the data
sector if the read-wggﬁytguccessfully recovers the read error in the
read-retry method. The fr ﬁu@ﬁﬁylﬁibtbnahbag gggt ée. g., frequency-fitter
part 300A) can thuscpgb@ﬂ{nigited. This preve 19 ?éﬁﬂres;otgefp9ﬂ1
occurring when the data 1s tre cF?#KﬁﬁtdpétéE& sgetar. Hence, the necessity
of perform ng read-rlatydigs,Jecreases. The CPU Slpet? Drivaciing mode &
sector-reassi gning process on y”ﬁ fFIrCeaGBDarrqrr§ tﬁ%n thar dly be recover ed at
20 data sectors. Thﬁ&cUﬁ&iﬁ@%GE% reduces the nu erI@deéﬂaHSEELO&ﬁetgﬁ&
need to be uied in place of theé 85?56§e@noascb@ggﬁc%he.%ead errors can
hardly be reCover edPeblt ert pgg %E@ %ead-retry i nclude¥? ﬁetbataetaagbﬁg
step performed in the above-mentionégd vésuditafiopg?2 . progess. As has been
descri bed in det ai?tdeheneiggi g, of the invention’a thedeodedseat j,pn
of the f - 29 enbodi ment can pro%@@% v ek ﬂfﬁﬂf‘efr}c{bf}}e has the function
of recovering the Yeddieerlriates m@@e_isat t he frequency-ti rbibenq@eof
recorded data when ghe head when il (i@ Fatthatonthacts Lhg di sk. 5 The
invention is partPc Pérppee&teﬁgim dﬁhen agplied to a conpgbppﬁﬁpésdisk
drive in which PLLzsync data is'like y-Fo¥Ragh theqeeagyafitter parts when
the head contact s”t he"%i 5%ad os ird e giga.iékihe data régiond. *fePhavent i on
is effectinde whenganplied to a 10 disk dfi bfadibagkdd yidg. jype, 100. This
i s because the hea névl datont hahedi 411 sone cases even in T HE the
head-flying type di sk drive. The read-retry'4ﬁﬁlﬁﬂﬁ-according to the
i nvention can efficient%@ F@@b@@tara@dr%@@@’ resulting fromthe frequency
15 fitter parts aétgaggadln both a contact-F@ﬁ?ddF§kn@mme @@@ an
head-flyi ng type disk Frved %Eﬁratb@aldgggggga es and nndificatloﬁ§%MIl
readi |l y occur tcst$§§ebéggéled in the art. 8y f%?%?ethbhéngp@tign inits
br oader aspects is not |lnﬁﬁﬂﬂt%ﬁ:ﬁDEMHﬂsﬁgg%g'c details and
representative difsodinments ho% and descri bed hetf A0 A'atcﬂtcﬁmgg;y),. vari ous
nodifica&%ons naé be made wt'h teﬁép&Miiﬂﬁ}JléyPo he spirit or scope of the
ecORUept §§ag@gi2eg bé t he appendéd gpaﬁﬁssamdsbbeir

ead-
| retry to recover the read
1f YES ip Step S3)

general ihventi
equi val ent s.
error (Step 54,

for €xXample,

20

eated 8XCeeds the number of

If
the read—retry is repeated

(1f YEs in Step S5),

25



- 30 WHAT I5 CLAIMED IS: 1. A disk drive conprising: a head which reads
,data signals fromany data region provided on a di sk-shaped recording
nedlun1 5 a phase-l ocked | oop unit which generates a read clock signal; a
read channel which reproduces data from any data signal that the head has
read fromthe di sk shaped recording nedium in synchronismwth the read 10
cl ock signal generated by the phase-locked%éoop unit; and a controller
which alters a PLL paraneter of the phase-locked |oop unit when the data
recorded by the read channel contains an error, said PLL paraneter 15 being

relatedtoafrequenc | r duetothe error, in PLL sync
data recorded in the ré#eg‘?apééeg(};ﬁ] perform; a read- retry in

d ith th t t I
to read the data aSa.f’sts%é e e %#.%éf%%co@afngé%fif thghe RN
t he controller adﬁeer&S]@?hPLﬂlghase C%f@(%lp&ﬁﬁt& FE&H_"@':%GOACET

operating paraneters of Including a timng for
acqui sition node;hd Ml iy ddte acqicy ticy, nde andsargadd fpr tracking
25 node. 3. The disk drive according to clalml wherein the controller
alters a B m ng F1wr. aggqui sid e Mduency3d itk pLHad MBI, tdiee acqui sition
node, selected froma plurality of operating paraneters of the Phasel ocked
| oop unit, and ddespzeracycanbiths ireadfs idra paranthertsiatasnidliopar aneter, to
perforns the 5 read-retry. 4. The disk drive according to claim1, wherein
the controller & tsdrartt HelrRl.L paraneter of the Phasel ocked | oop unit to set
a gain for acquisition node at a value |lower than a value usually applied.
10 5. The disk drive Hecdralidafaoredding opewetedm tiee Rink rol¥erithas neans
of altering, as PLL pararret er, any one of a plurality of operating
paraneters of tHé)5pH§'s% 4 e 1S9y drarge |€’rﬂ:1IrUd1‘Hg‘—fbg t$4 ng for

[ acki ng Mode:  AIBHELE \GERBINR 1B & qlewed 4%?#%3"8%?&%{“’ i eatn for

acqui sition m)de ter, the re changes
the timng and gal %S%or acqw Si% gc‘)aln 3 }b ocj‘nrocrunlgt}‘lﬂ| (ﬁﬁl s ach alters
the 20 gain for 4 4 e]s when dead
retry i s unable c% 0 recé(;\%er{rr% e rgira?lg 6lrgk£l'he di's dr| aaccordf'[ I ng to claim

1, wherein the GoRifiRl]&/-has PS03 @A aridg 1%(‘)%@%&%1% Riur@dd ty of
operating paraneters of ‘the phase-locked 25 loop unit, including a timng

for acquisitionpmieyr Grith hgilde Faguigid lmmaﬂﬂﬁ’ a:rgaaldhtf;mt
tracki ng node; alters the galnfor t racki ng node LL
15 data of the PLL circuit 105 will probably regalns the
normal value before the PLL circuit 105 ceases to
operate in the acquisition mode (AM). In other words,
the frequency error exceeds the permissible wvalue
in only the middle part of the acquisition-mode
20 period (AT).
The frequency-jitter part 300A may lie near the
end of the acquisition-mode period (AT) as shown in
FIGS. 5A and 5B. 1In this case, the frequency of the
output data of the PLL circuit 105 exceeds the
25 permissible value for a long time, as seen from

FIG. 5C. That is, the frequency of the output data of

the PLL circuit 105 cannot regain the normal value



paranmeter, to performthe read retry; and changes the gain for tracking

. hode, back to normal values, when the read retry is unable to recover the
error, and alters a conbination of the timng and the gain, both 5 for
acqui sition node, to perforns the read-retry. 7. The di sk drive according
to claim1, wherein the controller alters the PLL paraneter of the

Phasel ocked |l oop unit to set a gain for_acgyisition node at a val ue | ower
than a value usually applied, and a gain 10 for tracking node at a val ue
hi gher than a value usually applied. 8. The disk drive according to claim
1, wherein the I rs; i t he r

channel , ot her ﬁ%\éf%e%%ﬁpgr%ﬁ%??e{gé p%? %?%1&% cgé]ezg%%% ng?‘y%ng

d- , th : f I i i i
read-retry, t eﬁggﬁﬁggggp%%q&%i (éhf%F”ﬁ%ﬁé&, %?h?éﬁfg{iﬂ% ﬁg gperating

parameters of t : ked Toop unit to per e read-retry when the
ordinary read reff s piiablerdii¢ ecoyaniine SEEPY - cRhGe EP&ndﬁg drive

according to claim1l, wherein the controller alters any one of e PLL

parameters to pesdQiigiteod aaskd etd yermd Efé@]&iﬁn{%ﬁbd@ﬂd shtefs an operating
paranmeter of the read channel, other than the PLL paraneter, to performthe

ordi nary r®ad-r etrackinqgedde whgte tHEL fd15du bt epos eodls r@trylasiwanpl e to
recover the error. 10. A disk drive conprising: - 33 a head which reads
data signal s fronahy ghta aedion fpalas dedolont anaiwks shatpes secpeidi ng

medi um a phase-| ocked | oop unit which generates a read cl ock signal and
whi ch has a pl urddtia ywbftiR [cE@artanrel 2reegaineadhe hagwred L vig bive r epr oduces
data fromany data signal that the head has read, in synchronismwth the
read clock signdtonfsraieitely bydate ganet |krkerpd obp e tdesieedo a PLL
control unit which alters any one of the PLL paraneters of the Phase-| ocked
| oop unit, incl PR T59R n%}"ef oTYTHe RN <8 tT AL R0 L P Haf e foFes Hiata

acquisiti node and a in far. tracking node; a detectjng unit j ch
detects e%n%noperaﬁ%goris—g@ohdi Jo%ld?cﬁé?%s%a e—l%%ﬁ:’ﬂojo%’u%#tl?a a
control |l er whi chrteaaH]eer Ay one of the PLL parameters when the detecting
unit detects tha e ‘phase-| ocked | oop unit is operating in an abnormal

condition due to an efyQ , Lﬂa%%@aig éﬁ%ﬁ?ﬁé’%%ﬂ! BQréﬂgtéfagoChannel ,

and which cause the reac to rea e data agaln in accordance with

the PLL paramet eferfdditdifthhel lacqhlies i Sdn-dhd e geesdi por it & ¢l @ik 1o,
wherein the controller causes the read channel to pertform an
as is shown in FIGS. 6A and 6B. More specifically,
15 the CPU 13 changes the timing set by the timing-
adjusting circuit 106A incorporated in the PLL control
circuit 106.
The read-retry method thus performed relocates
the frequency-jitter part 300A at the middle part of
20 the acquisition-mode period (AT). This enhances the
possibility that the output data of the PLL circuit
105 regains the normal value until the acquisition-
mode period (AT) expires. In other words, the
period during which the frequency error exceeds the
25 permissible value in the acquisition mode (AM) becomes
short as shown in FIG. 6C. Hence, the read-retry

operation reproduces the data in normal way, thus



25 ordinary read-retry in accordance with an operation paraneter of the
.read channel, other than the plurality of PLL paraneters, when the

phase-1 ocked - 34 loop unit operates in a normal condition. 12. The disk
drive according to claim 10, wherein the detecting unit acquires, as data
representing the operating condition of the phase-locked |oop unit, 5
information about a phase error or a frequegcy_error nmade in acquisition
node or in tracking node. 13. The disk drive according to claim 12, wherein
the controller causes the read channel to performa read-retry in

accor dance with J.gtop dBLhonobt sl A0aLr i lte, IELEST00,UDLL When the

phase error or frequency &rror nade in the acquisition

tracking node exceeds §-pSHA RELALRVAL URetldq) A di sk drive conprising: a
head whi ch reads data signals fromany data 15 regi on provided on a

di sk-shaped recordi ngrRedsdbdbnd read-sbeppehe¥RbghthEPr e9HCBs data from any
data signal that the head has read; and a controller which causes the read

channel to perf gsér Pormed- 1t tlye Whess @it eifilfs d DESHE Swi N deé ad28cF epegduced
by the read channel and cause the head to wite, in the data region, the
sane data % hat twietthesslfdsneeath tihentihien@reloirt sof eEDVS! 7l byo t Te.
read-retry. 15. The disk drive according to claim 14, further 25 conpri sing
a verification unit whhchhe eaelcomtidrezdt féesy dae¢bhadlt ethé hePliead has

witten the data under control of the controller. - 35 16. The disk
drive accordi ng $hanrges rfhs PhlyrRameaneiepricidglay uphe skach thuses ohe

head to wite the data in a data region other than the data region from
he acquisition-mode period (AT) by a period 700, as

illustrated in FIGS. 7A and 7B. Although its start
10 timing is delayed, the period (AT) is just as long as
in the case where data is read in normal way.
Since the acquisition-mode period (AT) remains
unchanged in length, its expiration is delayed by
a period 701 as depicted in FIGS. 7A and 7B. As a
15 result, the frequency-jitter part 300A lies at the
middle part of the acquisition-mode period (AT) as
in the case illustrated in FIG. 6B. Hence, the
period during which the frequency error exceeds the
permissible value is shortened as seen from FIG. 7C.
20 This enhances the possibility that the output data of
the PLL circuit 105 regains the normal value until the
period (AT) expires. Thus, the read-retry operation
reproduces the data in normal way, recovering the
error made in data-reading operation.
25 To delay the start of the acquisition-mode (AM)
operation, the CPU 13 may delay the supply of the

read~-gate signal RG to the HDC 12. Further, the PLL



whi ch the read channel has read the data, when the 5 verification unit
.detects an error in the data. 17. A read channel for reproducing data from
a di sk medium by using a head in a disk drive, conprising: a phase-| ocked

| oop unit which has a plurality of 10 PLL paraneters and which generates a
read clock signal required in reproducing data fromthe disk nmedium a PLL
control unit which sets or alter any one ofgthe PLL paraneters including a
timng for acquisition node, a gain for the acquisition node and a gain for
15 tracking node; a unit which transmts information about an operating

condition of thephaser g@gkggi&%%mg}a e 1 &éigﬁn@irQ&V&C@haéai d

information representin ase error requency error nade in the

acqui si tion 20 nade Ofed NetdierdJRckd 0\ SPgea1 18 4 NBified. of 1 epg pduci ng

data froma di sk nmedium by using a head in synchronismwth a read cl ock

signal generateddye A gh@serd orkesbd ©aP It fe | de Ba @i SKrdlii Ve, i dEeppipt hod
conprising: 25 performng an ordinary read-retry en a read error 1s nade

while the head itso régliogduciagstaer dot ace oednbes Of Sdnsliemagnd - 36
performng a read-retry when the ordinary read retry fails to recover the
read errorS by ageratigrary arey dedfdedariamet ers of the phase-| ocked | oop
unit, including a timng for acquisition node, a gain for 5 the acquisition
node and a gain for t¥ackiegireueendy:] Theenepdod 3CeHrekhgtso cl ai m 18,
further conprising: detecting an operating condition of the phasel ocked

| oop unit when aladiaslor Reforgre T 1examela0 Headsyre reprodiedinn t he
data fromthe disk nmediu and performng a read-retry by altering any one
of the PLL paranmttler Shautdl the et diharnd ldorfdhi EGWit oF01 hiex ghse- | ocked

| oop unit exceeds a perm ssible value. 15 20. The methqd according to claim
18, further compftGBHREEWT t“?or‘fge SR ST SRER 25 on B the FCHdi um

10 105 can therefore operate in the tracking mode during
the latter half of the period that corresponds to the
PLL circuit 105 in which the frequency-jitter part
300A exists. 1In the tracking mode, the PLL circuit
105 slowly adjusts the frequency and phase of the read

15 signal to those of the data output from the equalizer
103. Thus, the PLL frequency would not greatly
change, and the read channel can reproduce the data in
normal way.

(Third Read-Retry Method)

20 The third read-retry method that can be performed
in the present embodiment will be described, with
reference to the timing chart of FIGS. 8A to 8C.

In the third read-retry method, the timing of
starting and terminating the acquisition-mode (AM)

25 operation and the length of acquisition-mode period
(AT) are the same as in the case where the data is

read in normal way, as can be seen from FIGS. 8A and



when the read-retry recovers the error, said data being the sane data the
. head has read fromthe data 20 region. .A H AF{. A3N. A3h. A
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and none of the read-retry method described above can
recover the read error. The fourth read-retry method
25 according to the invention can recover the read error

even if the frequency fluctuation lasts long, as will

be explained with reference to FIGS. 9 and 10.
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If the number of times (RN) the read-retry has
been repeated does not exceed the number of times
(MAX) (that is, 1f NO in Step S5), the CPU 13 refers
to the parameter table 140 before performing the next

5 read-retry. To be more precise, the CPU 13 reads
retry parameters from the parameter table 140 (Step
S6). The CPU 13 alters the PLL parameter of the PLL
circuit 150 in accordance with the retry parameters
read from the table 140 (Step S7), thereby causing the
10 read channel to read the data again.

As shown in FIG. 10, the parameter table 140
contains a retry parameter which is the PLL parameter
for the PLL circuit 105. The retry parameter defined
by three values, i.e., the timing (T1l, T2 or T3) of

15 starting the acquisition-mode (AM) operation, the gain
(Gal, Ga2 or Ga3) for the acquisition-mode operatin,
and the PLL gain (Gtl, Gt2 or Gt3) for the tracking-
mode (TM) operation.

The CPU 13 alters an inary retry parameter to

20 carry out an ordinary read-retry. Note that the
ordinary retry parameter is used as a parameter that
the read channel uses to reproduce the data from the
disk 1. The ordinary retry parameter includes the
degree of boosting at the LPF 101 and the position

25 offset of the head 2.

In the present embodiment, the CPU 13 alters

the ordinary retry parameter, performing the first
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The PLL parameter holds the intial values (T1l, Gal
and Gtl) while the the first to 128th ordinary read-
retries are being perfomed.
5 To perform the 129th ordinary read-retry and the
subsequent ordinary read-retries, the CPU 13 refers to
the parameter table 140, causing the PLL circuit 106
to alter the PPL parameter of the PLL circuit 105 as
shown in FIG. 10 (Step S7). Thus, the 129th ordinary
10 read-retry and the subsequent ordinary read-retries
are crried out.
The CPU 13 alters the PLL parameter by using
the timing T2 of starting the acquisition-mode (AM)
operation, which follows the timign T1l, or the timing
15 T3 that follows the timign T2. The CPU 13 alters
the PLL parameter by using the gain Ga2 for the
acquistion-mode (AM) operation, which is smaller than
the initial value (Gal), or the gain Ga3 that is
smaller thant the gain Ga2. Further, the CPU 13
20 alters the PLL parameter by using the gain Gt2 for the
tracking-mode (TM) operation, which is larger than the
initial gain (Gtl), or the gain Gt3 that is larger
than the gain Gt2.
More specifically, the CPU 13 alter the PLL
25 parameter by using the timing T1 initially set,
as timing of starting the acquisition-mode (AM)

operation, while the 129th to 132nd read-retries are
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S109%& ()-s10%& By RB%k (Dre dfBn Ga2 that is one step smaller than
the initial gain Gal. While the 137th to 140th
5 read-retries are being performed, the CPU 13 alters
the PLL parameter by using the timing T2 that is
one step later than the timing Tl initially set, as
the timing of starting the acgquisition-mode (AM)
operation, and by using the initial gain Gal as PLL
10 gain for the acquisition-mode (AM) operation. While
the 193rd read-entry and the subsequent read-entires
are being performed, the CPU 13 alter the PLL
parameter by using the gains Gt2 or Gt3 that is
larger the the initial gain Gtl, as PLL gain for the
15 tracking-mode (TM) operation.

In this read-retry method, retries are performed
out after the ordinary read-retries (i.e., the first
to 128th read-entries) have been carried out. It is
therefore possible to recover the read error that

20 may result in a relaitvely long-term frequency
fluctuation. Particularly, the PLL gain for the
traking-mode (TM) operation can be set at a valve
greater than the PLL gain (Gtl) initially set. Thus,
the PLL circuit 105 can fast adjust the frequency and

25 phase of the read signal to those of the data output
from the equalizer 103 in the tracking-mode operation.

As a result, the PLL-frequency error is minimized,
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recover the read error.

In this read-retry method, the main read-retry
accompanying with the alteration of the PLL paramter

5 1s repeated after the ordinary read-retries have been
carried out. The method may not be desirable if
a read errror is frequently made at the frequency-
fluctuating part (frequency-jitter part 300A) of any
sector provided on the disk 1. 1In this case, the main
10 read-retries should be repeated after the ordinary
read-retires. Consequently, the main read-retry must
be repeated more times than otherwise. This lowers
the efficiency of reading data from the disk 1.
In view of this it is desired that the main
15 read-retry, in which the PLL parameter 1is altered,
be performed prior to the ordinary read-entries.

(Fifth Read-Retry Method)

The fifth read-retry method that can be performed
in the present embodiment will be described, with

20 reference to the flowchart of FIG. 11.

In the fifth read-retry method, the CPU 13
determines which should be performed first, the
ordinary read-retry or the main read-entry.

When data is reproduced in normal way, the CPU 13

25 determines this (if NO in Step S12) and stops the read
channel. 1If the CPU 13 determines that the data has

not been reproduced in normal way (if YES in Step
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before starting the read-retry and discriminates the

retry parameter (Step S13).

5 More precisely, the CPU 13 acquires the data
about the PLL error which has been made in the PLL
circuit 105 during the acquisition-mode (AM) operation
and which includes a frequency error and a phase
error. From this data the CPU 13 determines whether

10 a data-acquisition error has occurred (Step S14).

If YES in Step S14, the CPU 13 changes the timing
of starting the acquisition-mode (AM) operation and
the PL gain for the acquisition-mode (AM) operation,
thereby performing a read-retry (Step S17).

15 In the present embodiment, the PLL control
circuit 106 detects the operating condition of the PLL
circuit 105, holds the data representing the operating
condition and supplies the data to the CPU 13.

The data contains two data items. The first data item

20 represents the phase error or frequency error made in
the acquisition-mode operation. The second data item
represents the phase error or frequency error made in
the tracking-mode operation.

The CPU 13 acquires the data about the PLL error

25 (i.e., a frequency error and a phase error) made
in the PLL circuit 105 during the tracking-mode

operation. The CPU 13 determines whether the PLL
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5 If NO in Step S15, that is, if the PLL error does

not exceed a predetermined value, the CPU 13 carries

out an ordinary read-retry (Step S16). In the

ordinary read-retry, the CPU 13 alters parameters

other than the PLL parameter.

10 In the fifth read-retry method, the CPU 13
determines the cause of the read error before it
performs a read-retry. On the basis of the cause
of the read error the CPU 13 can select and perform
a read-retry that is most likely to recover the read

15 error. That is, the CPU 13 carries out an ordinary
read-entry first if the read error has not resulted
from any PLL-related cause of error (e.g., frequency-
jitter part 300A). If it can be inferred that the
read error has resulted from a PLL-related cause, the

20 CPU 13 performs a main read-entry first, in order to
alter the PLL parameter. Thus, the possibility that
the read-retry for recovering read errors is effected
first increases. This can shorten the time required
to recover the read error by performing a successful

25 read-retry.

(Modification of the Embodiment)

The read-retry method employed in a modification



& ()-3!" SUW0%WIT& ()-3!)0S%0% d} d& () - 3! TOSYLO%&' () - 3! hOSYLO%& () - 3! ° SYALOYE
E& () - 30000000P7PUV7! Y 10% & ()-Y 10% ()-110% & ()- 10% & ()- 10,, 10,,
10, ,'1° S94.0% , & () - 37PKkPPQ QeQQ [ <uV7!! 10% & ()-! 10%rY& ()- 10% & ()-'s H,
1098S& ()-Q x H 109%v& ()-Q Y 10% & ()- QRIRRASGSS} A?2uV7! ! & 10% & () -
F+f 1094 & ()- ' 910% & ()-! !'10% (& ()-M !109% ()-M
Y@ 0% & () - SHT{ TTTTTTTr S4! | ml0%& () - 310%& §3- 10(( 10((
10( (! 6m' 109% (& ()-6m 109& ()-! /f10% (& ()~ T#UUUUVVa’7rS4| 111 109%& () -

109& ()-FL 109 ()-!nFL 10%; & ()- y3109% (

92?;?/‘;8"(%)W(L\é\¥1/\(’j(fy ?A;{h%l %%d(ﬁ“}%%v@]zf%{‘%é%ﬁm%@%% ggf/i&'(%ifn s 10 10 10
Y: 100&' () - ! 2t 109 ()z ! gfg%@e/%ig 10%{.%@{(%%% 1ocy§ré%ugg139y&' () -

&MLOY&' ()- F 109%& () - 08 6{\

o9& 172" 1098 Ve ) /e
[10%&,(%) 1171 kAj/‘%L\t(Q e %%!EBC(GA A& {1 él&vé‘yps/olige (dt a position

10! s2M 10% () - Wrﬁe&l\é 4 Q6D @rlcﬂf’&c{é -SSR AHOMEL LR -Y. In a
s'ylo%&' ()-~ " g 1 RaCarP1=I10%& ()-!!109% ()-3° 10%&'() y!'| 3
10%66&f()EysnﬂﬁWﬂEdduéﬂdﬁﬂfl@cﬂﬂat1ng part lying at a position where
10CGa" bbbccdzX61=! " 2L! 10%& ()-y! 2L!'10%& ()-y!s-"10%& () -
no projections protrude from the disk 1, data can be
recorded in normal way if written. The modification
of the embodiment is based on this fact. How read-
retries are carried out in the modification will be
10 described, with reference to the flowchart of FIG. 12.
First, the head 2 reads data from the disk 1
(Step S21). The CPU 13 determines whether a read
error has been made (Step S22). If NO, the data-
reading operation is terminated. If YES, that is,
15 if a read error has been made, the CPU 13 performs
a read-retry to recover the read error (Step S23).
Next, the CPU 13 determines whether the read
error still exists (Step S24). If YES, the CPU 13
repeats the read-retry and determines whether the
20 read-retry has been repeated a predetermined number of
times (Step S25). If NO in Step S25, the operation
returns to Step S23. In this case, Steps S23, S24 and
525 are repeated until the read-retry is repeated the
predetermined number of times. If YES in Step S25,
25 no more read-retries are carried out.

If NO in Step S$24, that is, if the read error no

longer exists (or the read error has been recovered),
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Further, the CPU 13 carries out a verification process
to read and verify the data that has been rewritten
5 in the data sector (Step S27). The CPU 13 then
determines whether an error is made in Step 527
(Step S28). If YES, the CPU 13 performs a sector-
reassigning process, replacing the data sector with
another data sector (Step S529).

10 As described above, the data is rewritten in the
data sector if the read-retry successfully recovers
the read error in the read-retry method. The
frequency-fluctuating part (e.g., frequency-jitter
part 300A) can thus be eliminated. This prevents

15 read errors from occurring when the data is read from
this data sector. Hence, the necessity of performing
read-retries decreases.

The CPU 13 performs the sector-reassigning
process only if read errors can hardly be recovered at

20 data sectors. This ultimately reduces the number of
data sectors that need to be used in place of the data
sectors where the read errors can hardly be recovered.
Note that the read-retry includes the data-reading
step performed in the above-mentioned verification

25 process.

As has been described in detail, the embodiment

of the invention and the modification of the
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Y:10% & () -, alVi¥uietion of recovering the read errors made at the
frequency-jitter parts of recorded data when the head
when in the data contacts the disk.

5 The invention 1is particularly effective when
applied to a contact-type disk drive in which PLL-sync
data is likely to have frequency-jitter parts when
the head contacts the disk to write data in the data
regions. The invention is effective when applied to a

10 disk drive of head-flying type, too. This is because
the head may contact the disk in some cases even in
the head-flying type disk drive. The read-retry
method according to the invention can efficiently
recover read errors resulting from the frequency-

15 jitter parts of data, in both a contact-type disk
drive and a head-flying type disk drive.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

20 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

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

1. A disk drive comprising:

a head which reads data signals from any data
region provided on a disk-shaped recording medium;

5 a phase-locked loop unit which generates a read
clock signal;

a read channel which reproduces data from any
data signal that the head has read from the disk-
shaped recording medium, in synchronism with the read

10 clock signal generated by the phase-locked loop unit;
and

a controller which alters a PLL parameter of the
phase-locked loop unit when the data recorded by the
read channel contains an error, said PLL parameter

15 being related to a frequency-jitter part existing, due
to the error, in PLL sync data recorded in the data
region, and which performs a read-retry in accordance
with the PLL parameter thus altered, to cause the read
channel to read the data again.

20 2. The disk drive according to claim 1, wherein
the controller alters, as PLL parameter, any one of a
plurality of operating parameters of the Phase-locked
loop unit, including a timing for acquisition mode, a
gain for the acquisition mode and a gain for tracking

25 mode.

3. The disk drive according to claim 1, wherein

the controller alters a timing for acquisition mode
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a plurality of operating parameters of the Phase-
locked loop unit, and alters a combination of
the parameters, as PLL parameter, to performs the
5 read-retry.

4, The disk drive according to claim 1, wherein
the controller alters the PLL parameter of the Phase-
locked loop unit to set a gain for acquisition mode at
a value lower than a value usually applied.

10 5. The disk drive according to claim 1, wherein
the controller has means of altering, as PLL
parameter, any one of a plurality of operating
parameters of the phase-locked loop unit, including
a timing for acquisition mode, a gain for the

15 acquisition mode and a gain for tracking mode; alters
a combination of the timing and the gain, both for
acquisition mode, as PLL parameter, to performs the
read-retry; and changes the timing and gain for
acquisition mode, back to normal values and alters the

20 gain for tracking mode to perform the read retry, when
the read retry is unable to recover the error.

6. The disk drive according to claim 1, wherein
the controller has means of altering any one of a
plurality of operating parameters of the phase-locked

25 loop unit, including a timing for acquisition mode, a
gain for the acquisition mode and a gain for tracking

mode; alters the gain for tracking mode, as PLL
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10jj ! Ont' 10% hj h& )1 :for tracking mode, back to normal values, when
the read retry is unable to recover the error, and
alters a combination of the timing and the gain, both
5 for acquisition mode, to performs the read-retry.

7. The disk drive according to claim 1, wherein
the controller alters the PLL parameter of the Phase-
locked loop unit to set a gain for acquisition mode at
a value lower than a value usually applied, and a gain

10 for tracking mode at a value higher than a value
usually applied.

8. The disk drive according to claim 1, wherein
the controller alters an operating parameter of the
read channel, other than the PLL parameter, to perform

15 an ordinary read-retry, then alter any one of a
plurality of a plurality of operating parameters of
the phase-locked loop unit to perform the read-retry
when the ordinary read retry is unable to recover the
error.

20 9. The disk drive according to claim 1, wherein
the controller alters any one of the PLL parameters to
perform the read-retry at first step, and alters an
operating parameter of the read channel, other than
the PLL parameter, to perform the ordinary read-retry

25 again when the first step read-retry is unable to
recover the error.

10. A disk drive comprising:
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a head which reads data signals from any data
region provided on a disk-shaped recording medium;

a phase-locked loop unit which generates a read
clock signal and which has a plurality of PLL

5 parameters;

a read channel which reproduces data from any
data signal that the head has read, in synchronism
with the read clock signal generated by the phase-
locked loop unit; and

10 a PLL control unit which alters any one of
the PLIL parameters of the Phase-locked loop unit,
including a timing for acquisition mode, a gain for
the acquisition mode and a gain for tracking mode;

a detecting unit which detects an operating

15 condition of the phase-locked loop unit; and

a controller which alters any one of the PLL
parameters when the detecting unit detects that the
phase-locked loop unit is operating in an abnormal
condition due to an error in the data reproduced by

20 the read channel, and which cause the reach channel
to read the data again in accordance with the PLL
parameter altered.
11. The disk drive according to claim 10, wherein
the controller causes the read channel to perform an
25 ordinary read-retry in accordance with an operation
parameter of the read channel, other than the

plurality of PLL parameters, when the phase-locked
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loop unit operates in a normal condition.

12. The disk drive according to claim 10, wherein
the detecting unit acquires, as data representing the
operating condition of the phase-locked loop unit,

5 information about a phase error or a frequency error
made in acquisition mode or in tracking mode.

13. The disk drive according to claim 12, wherein
the controller causes the read channel to perform
a read-retry in accordance with information obtained

10 from the detecting unit when the phase error or
frequency error made in the acquisition mode or in
the tracking mode exceeds a permissible value.

14. A disk drive comprising:

a head which reads data signals from any data

15 region provided on a disk-shaped recording medium;

a read channel which reproduces data from any
data signal that the head has read; and

a controller which causes the read channel to
perform a read-retry when an error occurs in data

20 reproduced by the read channel and cause the head
to write, in the data region, the same data that the
head has read, when the error is recovered by the
read-retry.

15. The disk drive according to claim 14, further

25 comprising a verification unit which reads and
verifies data after the head has written the data

under control of the controller.
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comprising a unit which causes the head to write the
data in a data region other than the data region from
which the read channel has read the data, when the

5 verification unit detects an error in the data.

17. A read channel for reproducing data from
a disk medium by using a head in a disk drive,
comprising:

a phase-locked loop unit which has a plurality of

10 PLL parameters and which generates a read clock signal
required in reproducing data from the disk medium;

a PLL control unit which sets or alter any one of
the PLL parameters including a timing for acquisition
mode, a gain for the acquisition mode and a gain for

15 tracking mode;

a unit which transmits information about an
operating condition of the phase-locked loop unit, to
an external device, said information representing a
phase error or frequency error made in the acquisition

20 mode or in the tracking mode.

18. A method of reproducing data from a disk
medium by using a head in synchronism with a read
clock signal generated by a phase-locked loop unit in
a disk drive, the method comprising:

25 performing an ordinary read-retry when a read
error is made while the head is reproducing the data

from the disk medium; and
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performing a read-retry when the ordinary read-
retry fails to recover the read error, by altering any
one of PLL parameters of the phase-locked loop unit,
including a timing for acquisition mode, a gain for
5 the acquisition mode and a gain for tracking mode.
19. The method according to claim 18, further
comprising:
detecting an operating condition of the phase-
locked loop unit when a read error is made while the
10 head is reproducing the data from the disk medium; and
performing a read-retry by altering any one of
the PLL parameters, when the operating condition of

the phase-locked loop unit exceeds a permissible

value.
15 20. The method according to claim 18, further
comprising:

writing data in a data region of the disk medium
when the read-retry recovers the error, said data
being the same data the head has read from the data

20 region.



