.; e3enmhhi LkKFkAnBnmTm hL  METHOD AND APPARATUS FOR WRI TE CONTROL I N A DI SK
DRI VE BACKGROUND OF THE | N\VENTI ON The present invention genermwmmmmMMMMﬁw
to a disk 5 drive, particularly to a wite control which supp

phenonenon of a head. In general, in a disk drive represented by asdward

di sk drive, a magnetic head (hereinafter referred to sinply as a head) has
been used having a wite head 10 for recordi ng data on a di sk

(hereinafter referred to sinply as a disk), and a read head fHM@Emmwmu‘wm%g
the data fromthe disk. The head concretely has a structure

wite head el enment and a read heddTdEeOBnTHEAr ENWBNOTON 15 on a heéﬁmﬁody
referred to as a slider. In the wite head, a recording magnetic field is
applied to the NEKHOR ANRoAURARET WS t FOR WRITE CONTROL [NeRoDHEKgDRIVEENt )
flow ng through a coil to performnmagnetic recording of the data. 20 In the
di sk drive, the head (slider) BACHEIQINGY Qin BHE vBGINTIONuUch a manner t hat
the head flies above the di sk. An_ interval between the flxlng head and t he

di sk i s maintained at QenPE?%eHFs%%ﬁ@@tiéﬁegﬁéﬂrﬁélasralﬁ ¢pn§ohai gask 25

On the other han mnimzin he fI hei ght . has been pushed forward
in order p% Iardg%ﬁv%hh%iﬁt gpf%ﬁ%YdFﬂg r'&ht bAu ?ﬂﬁrﬁipﬁﬁFFFEy of the data

- 2 wthrising r di nS|t her, hand, however, a drop
of the flying hei P?%?%%s a?%%séh%n? %fogoﬁt%%?dof the head with a

disk face, and this ig,a EQQEQE tggt '8%@%?95?bgaghék£¥e82eé gg Be hﬁrd

recordi ng/ reproduci ng op ration’ drtrona AONENON ha

confirnmed in whighsp geage Wﬁé%éiérxeﬁfﬁ Hﬁéa RH?E&?EA#S%DEQE'@E%%“%@

gener at ed in paSSI ng a current t oug e Ccol e wit

phenomenon is reéﬂﬁ;ﬁl;gﬂ 49 aShd8dp PRseptéR @éeafH%QHg(ETﬁhtW‘ﬁead
particularly the he material positioned in the vicinity of a magnetic

recordi ngl@ol e ofot heewstdendneasts hemnal dyskaneel ymexpandsnbytebhi s PTP
phenonenon, an expanded portion of the head (slider) approaches a
referred to simply as a disk), and a read head for
reproducing the data from the disk.
The head concretely has a structure in which a
write head element and a read head element are mounted

15 on a head body referred to as a slider.

In the write head, a recording magnetic field is
applied to the disk in accordance with a write current
(recording current) flowing through a coil to perform
magnetic recording of the data.

20 In the disk drive, the head (slider) is held by
an actuator in such a manner that the head flies above
the disk. An interval between the flying head and the
disk is maintained at a micro distance referred to as
a flying height.

25 On the other hand, minimizing of the flying

height has been pushed forward in order to largely

enhance a recording/reproducing capability of the data



.15 di sk surface, and, as a result, the flying height drops. Therefore, when
the flying height of the head drops especially by the PTP phenonenon at a
wite operation time, a possibility that the head contacts the di sk surface
i ncreases. 20 Needless to say, a large flying height margin is taken in
consideration of a drop of the flying height by the PTP phenonenon in a
case where the disk drive is designed, andZa crash by the contact of the
head with the disk surface is avoi ded. However, when the 25 flying hei ght
margin is increased, a drop of the recording/ reproducing capability of the
head i s caused, whththesPi® pheaoreoondisgpdefieiaply On-tBe stppressed.
Since the PTP phenonenon is a problem of the head material or structure,
the material andrarduchowvevenn dedrtpngédthe Suppneskeipetphehsesnan.
Concretely, a 5 prior_ technique has been proposed in which head processing
or a head naterikPSEsbybit¥edl t eoREAGEOf hENPTIREpAeHbRRNANAL Skefat 0F
exanpl e, Jpn. Pat. Agpln.,KCKAI Publication No. 2003-141704). However, it
is actual |y diff?Rdltht® teducEeeher 1bhaTPloversneabhakiéhyi afl @aences t he
flying height indicatin 7 m crqQ distance, for exanple, of 10 nmonly by

i mprovenent of tﬁ%cﬂﬁ?%$9a¥88¥°$%%l%?r%E?ﬁ?El%?-the head. BRI EF SUMVARY OF

THE INVENTICN.15 In a&8§£g§ggglﬁﬁth aB gnbodinenk of . the Erggent ipvention,

t here IS_prOVIg$d a dhs rrve ¥V|ﬁgt3 PBWSPPBn 85p88?8 P mjf?§92g5{¥0|

suppressing a [ | .

20 The di sk grivihﬁﬁﬁp??§§§@ @5%@5%5%h?%ﬁ9§égtrg@e%éggl nedendk Rédi um i n

accordance with ﬁeé(‘f'&@néf‘éﬁ@@tiﬁ.“pﬁgééfﬂ?té’ ﬁuf?éllli: @ﬂrgﬁgﬂafcﬁé B{Jiw ch
ions the he I

the head is nounted and whi ch posi ad In atarget posifion on

the disk mediumoangha write RSa&0ont tRLLepn¥hbRBnEhaNges ¥EteqCRRdLEI ONs
to execute a wite operation In a case where a wite error is pl’OdUCEd at a

wite oper@tion aipelattihi shothestleha(pTp)4 1is recorded in the target
position on the disk medium by the head. BRI EF DESCRI PTI ON OF THE SEVERAL
VI EW8 OF THE DRAW NG Whenapeohpanyangydthei hgad mhitehialepbsiaiparadt éd 5 i n
and constitute a part of the specification, illustrate enbodi nents of the

i nvention, and togetViteinith eheageagnetidesecoping golenofibbue wndtehe
detail ed description of the enbodi nents given bel ow, serve to explain the
principles- of theadnbeerpahly 1baryely 1exgands| brktiiagPih shenbngnannaj or
part of a disk drive according to an enbodi nent of the present invention;
FIG 2 is an expfandfb#yds? RpbEian st utkbarkeas 4slider) approaches a

15 disk surface, and, as a result, the flying height
drops. Therefore, when the flying height 6f the head
drops especially by the PTP phenomenon at a write
operation time, a possibility that the head contacts
the disk surface increases.

20 Needless to say, a large flying height margin is
taken in consideration of a drop of the flying height
by the PTP phenomenon in a case where the disk drive
is designed, and a crash by the contact of the head
with the disk surface is avoided. However, when the

25 flying height margin is increased, a drop of the
recording/ reproducing capability of the head is

caused, and the PTP phenomenon is preferably



‘head" and a PTP phenonenon according to the present 15 enbodinent; FIG 3 is
a diagram showi ng a relation between the nunber of WF tines and a wite
current by the PTP phenonenon according to the present enbodinment; FIG 4.
is an explanatory view of the wite 20 current according to the present
enbodinment; FIG 5 is a diagramshow ng a relation between the nunber of
the WF tinmes and the nunmber of continuous data sectors according to the
present enbodinent; 25 FIG 6 is a diagram showing a relation between the
nunber of the WF tines and a tenperature in the drive according to the
present enbodi meauppresssd.FIG 7 is a diagram showi ng one exanpl e of

di stinction information according to the present enbodinent; FIG 8 is a
fl owchart showi ng a pféacguitbeofT® Bhenogenan tie oprobllemevlfodhac berdi ng
to the present enbodinment; FIG 9 is a flowhart show ng a procedure of a
second write confRbPridthed &EEBEEPRE/t 6hehvagesient 2afbsdiristtireandnlo
FIG 10 is a flowhart shqoqw ng a procedure of a third wite control nethod
according to thebﬁrEé@ﬂgeanEBdFHBEngBE?QFLEBEDEBGRPPTICﬂOGFr$ﬂElNNVENTICN

An enbodi nent of _th t inventi i1l be 15 described hereinaft
W th ref erence tBEERE HEAMNGES [COnBEPLUPFOROSPIDIGK "BEFUCPSRRG 1 15 a

bl ock di hgw . MRJ f .Sk dri di tag th t
embodi ment. - The Bt Skacioe oF B bkal n3s%edfiar s ReParorshhy 72055 4RA nac

a disk 1 rotatedpap Bhgﬂogggégiﬁgggrg;égagxég%?%6¥g?8(dkgg Oépkﬁgroducing

data wth respect to the nu racks "100°t0or ‘recordi ng
- the data are congbkhut edboRchbeodli k. 12063ch44Hagk 100 25 includes a servo

area in which servo data is recorded, and a data sector in which user data
is recorded. The servgodatar]sigsed hatRagitl anirFd LAt k@l rk@hice the

10 PTP phenomenon which influences the flying height
indicating a micro distance, for example, of 10 nm
only by improvement of the material or the structure
of the head.

BRIEF SUMMARY OF THE INVENTION

15 In accordance with an embodiment of the present
invention, there is provided a disk drive having a
function capable of effectively suppressing a PTP
phenomenon at a write operation time by a write
control.

20 The disk drive comprises: a head which records
data on a disk medium in accordance with a write
current supplied to a coil; an actuator on which the
head is mounted and which positions the head in a
target position on the disk medium; and a write

25 controller which changes write conditions to execute a

write operation in a case where a write error is

produced at a write operation time at which the data



- 6 '"positioning the head 2 into a target position on the disk 1. The head
2 is nmounted on an actuator 4 driven by a voice coil notor (VCM 5. A
driving current is 5 supplied to the VCM5 by a VCM driver 60 included in a
notor driver 1C 6. The notor driver 1C 6 includes an SPM driver 61 together
with the VCM driver 60, and is controlled by a CPU 10. The head 2 has a
structure including a slider as 10 a head bbdy- on which a read head for
executing a read operation, and a wite head for executing a wite
operation are nmounted. The actuator 4 is driven/ controlled by the CPU 10,
and the head 2 i%sposctvirdaddinnthet hageetppsisticdonoont heeddskklmed3utn
addition to a head di sk assenbly, the disk drive conprises a circuit system
i ncl udi ng a headosnphefheadeircuit 7, a read/wite (RRW channel 8, a disk
controller (HDC) 9, a mcroprocessor (CPU) 10, and a nmenory 11. 20 The head
amplifier circui tBlﬂﬁ’%-%EiﬁﬂﬂpWﬁO}&iQ%Lﬁ@ FEWERA] VEEWRS s0p| THE cPRARMING '
amplifies a read signal output fromthe read head, and a wite anplifier.
The wite anplifier coRfePESORPARYIBIJITaWINGHal WHdCHURTRr dmCOr®OoRANRd
channel 8 into a,wite 25 current signal, and sends the signal to the wite
head. The head aﬁ%l??geFOEFF%EFFeYai gFhdes Shpegpstéfication, 70 for

o 11 ons at & CHEUBCRLe WBMRtRARPETHEC BT LEREnYBOHE) sbHCLEBRYSSR e ©
CPU 10 t t ' ' - : [ Lifi f
the hoad ampl i 11 5F &1 FaG L5 EUbpl e FRETar| D470y FERTEL B5ENERE0i | of the

wite head In acgsrdanee uebh:Lheivhi be EHEr RboUahUALSCh: L @n BE1HGYI St er

70. The RFWchannel 8 is a signal processing O°processes

read/wite data ségnal t6i 8gbudiNgtReSEEYACHBl @sSbgnahd- iAhenERend has a
function of an interface between the drive and a host system 20 (e. ¢g., a

personal tonputer or &Idigitak apbabakugsiaglthe SRUwWiBg & @aARir paeht I0H
device of the drive, 15 and executes a positioning control operation of the

head 2, a read/ wsideshpéravéoaccontiiny, tandnaembbtiémennt bal tasseeeakad with
the PTP phenonenon. The nmenory 11 includes a flash nmenory which is a

nonvol atil e menotyveRALPn; ROM and the |ike, and stores 20 various types of
data and prograns necessary for the control of the CPU 10. Furthernore, the
present drive include§I&-ténpérabup¥Psanadpry2viern adt ecsitmgcsspeciodfl lay an
anbi ent tenperature of the head 2 in the drive. The 25 tenperature sensor
12 detects a tenpR?@tdne atPhP ceRearHeRanpprRTAAREr V8l thanareseptits a

det ect ed vglue of th&.tenggrature to the CPU 10. The CPU 10 _ g _

moni tors = t enperBYOFEMFRhEt uation fol lowi ng the detection of the

tenperature fromthe erature sensor 12 St ruct ur f. Head .and PTP
ehomeno IR IR o e R e

Phenomenon) 5 FIG 2 15 an explana%ggy Vi ¢
and a PTP phenongnon,ifint e Pr #FePinEIPOHEMEirite current by the PTP

phencmenon according to the present embodiment;
FIG. 4 is an explanatory view of the write
20 current according to the present embodiment;

FIG. 5 is a diagram showing a relation between
the number of the WF times and the number of
continuous data sectors according to the present
embodiment;

25 FIG. 6 is a diagram showing a relation between
the number of the WF times and a temperature in the

drive according to the present embodiment;



.The 'head 2 has a wite head conprising a nagnetic recording pole (min
magnetic pole) 20, a return yoke 10 or a coil (not shown) and the |ike, and
a read head having a read head el enent (e. g., giant magnetoresis tine
[GVR] elenent) 22 disposed in the vicinity of the wite head via a
shi el ding nmenber 21. The head 2 includes the slider on which the read 15
and wite heads are nounted as a main body,5and is nounted on the actuator
4. The slider is formed, for exanple, of a material such as alumina, and a
recess 23 is forned on a side facing the surface of the disk 1 as shown in
FIG 2. It is to be nBled That anddagpam28hshowg bneFkLampglindecates a
running direction of the head 2 with respect to the disk 1. A wite current
i s passed throughlishinebi¢nofnfhemarioe headrdina wwi tlkeeopeeséhon time to
generate a recording magnetic field fromthe nmain magnetic pole 25 20, and
magneti c recordi APPIimerEor med on the disk 1. Here, to raise the magnetic
recording capability, _the recordin nagnetic field of the wite head is

g _ enlarged. A methoBl6f ?né?eésﬁgewﬁ fEft heyinene papgedisegefiepal in
order to g$large t he reco%diqg magnetic field. The wite current val ue can
be set, fol exanptEStt¥rLboutCBbr Hh BEthadi AGRPTrEing EPohei RrEsEnt2, the
head (slider) 2 fl.ies. above the disk surface by a flying height which is a
m cro di stance. ??P?ij%%?tyears, the flying height has been reduced, for
exanpl e, to about 10 i ngor de e_the.recordi ng/ reproduci ng
capability. 10 In sucﬁf%én%e%giés%?gﬁggggges%HgngyFnﬁrﬂg?aﬂ eaﬂg fncrease
the wite curre ib i a L eques the PTP
phenonenon be sﬂ%%ﬁ%ﬁ%ggfgéér§§b££§¥eTﬁt%%§ %ﬁgggﬁéégngﬁoﬁﬁgiépﬁégngeen
presuned as a faghwsdihait hgngoi |l generates heat 15 to raise the anbient
tenperature at a tinme when the wite current flows through the coil of the
wite hedd at a witeroperabi 08 &i fBowdhatti ShoWhgg hhgrbesmngrat yeesri ses,
as shown in FIG 2, a portion 200 causing |large thermal expansion is
gener at ed based Uni29 wertoeféictenl wéthberaatoedpagstiontiné phesanteri al
(e.g., alumna) of the head 2 in the vicinity of the coil. By this PTP
phenonenon, an ienkedimnenet ween the head 2 and the disk 1 is reduced by the
expanded 25 portion 200, and, as a result, a flying height (flying height
FH) decreases. Ther ef or e PRTRE LED, iDFP GRIFTHN ¢FF {THE HOBHENT TGN

non-stabilized, and quossibility
embodiment of the present invention will be

15 described hereinafter with reference to the drawings.
(Constitution of Disk Drive)
FIG. 1 is a block diagram showing a major part of
a disk drive according to the present embodiment.
The disk drive is fixed to a spindle motor (SPM)
20 3, and has a disk 1 rotated at high speed, and a head
2 for recording or reproducing data with respect to
the disk 1.
A large number of tracks 100 for recording the
data are constituted on the disk 1. Each track 100
25 includes a servo area in which servo data is recorded,
and a data sector in which user data is recorded.

The servo data is used in positioning control for



.- 10 that the head contacts or collides with the disk 1 increases.
Especially, with occurrence of the PTP phenonenon, when the head 2 is
positioned in a target 5 position on the disk 1, a positioning error
(deterioration of positioning precision) is produced by the contact with
the surface of the disk 1, and, as a result, a wite error is generated at
the wite operation tine. 10 (First Wite Gontrol Method) FIG 8 is a

fl omchart showi ng a procedure of a first wite control nmethod according to
the present enbodi nent. A PTP phenonenon occurs by a factor of heat 15
generated by a woéskttomimnptthéoweag 2 hintughat herget| pofiaivni be brad.
Therefore, in a first wite control nethod, a wite current value is
reduced at the tdh®kok.the occurrence of the PTP phenonenon. As shown in
FIG 8, when a wite error (wite 20 fault, hereinafter referred to as W
in some case) is genefAtebeat 3 ipFireunperaphoant patuathe €PUrigepubiyes
that the PTP phenonepon has_occurred, and shifts to a process of |owering

the wite currer® YotFRided+ Mkt e (KMl bt ond @WESLRG Suepent, 182). 25
;ﬁ;ﬁbngﬂggétQﬁdf%%é$??%§:ﬁgtﬁﬁétiggcgﬁggc% %EMngﬁgggigé iggégéggeﬁpoﬁated
Fudges that the TTT% SREEE e B on BRTB b SatP LR REr B oby LA hEIeRLPT
ool 1 er o roui T Fo T et Ea e eE P onfe VIRCE Ll 80 fBa FRe ey

10 executes a Wider QPRI S| M Ehryag ghanged wite current after el apse of
a certaintine (YES in step S3, S4). By the el apse of the certain tinme, the

heat generation of thenbendad 2shdf seddegdrulbennthgqwhbt g €ikQkr S5

produced even at the wite operation tinme with the changed wite current,
the CPU 1O f urt herheadusedy tde wiitle guregathyabiueosf ekbBeuteghskhere8 ( YES
in step S5 S6). That is, the 15 CPU 10 reduces the wite current value in
a stepwi se manneyperafiliomo amdte werive heag@rbducetdecantingxecuwresea Wwite
operation (NOin step S7, S3 to S5). To reduce the value froma rated
current val ue i rPReE} el seremmeertedf t efhe hactadtierf dl s doiman20

al | owabl e valueéée.g., about 25 mA) necessary for the wite operation, and
when the wite €9Rrreslediby BHre %d}oth@n%ﬁthqohgﬁépg iBepopitéoned
operation and shifts to a predetermned error process (YES in step S7). In
this case, it is-ThrastaedftmResthrycerEieodisl bf the wite error is a

factor ot.her than the. PTP,phenonepon. |t is .to be noted that the CPU 10
returns H%g - 12 r%%u%%%lgi??e QuPrBRedvaL 8k ?BSFWEQYatEHeCG%F§nt val ue

wh di th ite L on. ivel th d wit t
Val e 15 ol nt aiNeH Gri T A bhes SHRBROt of 7 hen of SELERE O PeRPlfned of

and the 5 rated g1 effeyal deci B SBL &hfgaabﬁrpggeQR?Wfﬁ%ﬂ?hﬁeiup??%eon' As

descri bed above, when the wite current s reduced at Imé o

generation of theiideneréDler a(sa@f gﬁngrﬁi&papir@e@%akug)epm L e coil of
10 the wite head is | owered, and the occurrence of the PTP phenonenon can

be suppressed oranceduaeshordperefore, positioning deterioration of the head
by the PTP phenonenon is inproved, and, as a result, the wite error can be
el i m nat & The head amplifier circuit (pre-amplifier

circuit) 7 has a read amplifier which amplifies a read

signal output from the read head, and a write

amplifier. The write amplifier converts a write data

signal output from the R/W channel 8 into a write

25 current signal, and sends the signal to the write

head.

The head amplifier circuit 7 includes a register



15 FIG 3 is a figure showng results of measurenment of the nunmber of wite
errors (W) produced by the PTP phenonenon using a wite current (lw) and
an overshoot of the wite current as paraneters. That is, FIG 3 shows
results 301 to 310 of the nmeasurenment of a WF 20 nunber range every ten
stages fromthe neasurenent result 30l in a case where the nunber of the
WFs is 90 to 100 to the neasurenent resutt B10-in a case where the nunber
of the WFs is 0 to 10. The WF of the present enbodinent is a situation 25
in which a head positioning precision is degraded by the contact of the
head 2 with the gpsﬁox,adﬁustbuged voithecPFPephewairenonreabrdingne when
the wite - 13 operation is executed, and accordingly the wite

oper ati on cannot CBEr@REctigéde) Thechufed énrveshtewepndbéldascritbedwiite
accordance with a waveformin a disk drive of a vertical magnetic 5
recordi ng systen?PREaEh8UNtiReF cIh8, refésEoer 4Aods preespesf byhEharite
current is aratjQ._of a current Ip flowing for arising time at a polarity
reversing tine o¢8VhiomFPtéegu?rgﬁ§lgﬁﬂtﬁ§ YhohR FHTEPBL §?1P€-caﬁg3e

firmed 40 that of the Vs | when the wri t |
or the. vt shoot "EtDgs FLPREFARERE FHot RPESCARBLLEnGR FAFBFFoVS | ner cases.

th t of h . ' f_th ' head, | :

Ther ofore, the deafBbeor Pib MhiFeasiorenl thi ShFeRabhoyt 578 AELRRy seen
nadisk drive gbad tANgbLYAhOALCTRIRR! L GEOLI B SURLCRLI LD LG ELY St
wite control nethod, the wite current Iwis re uceﬁ to thereby suppress

the degree of thenPTPegf{SeeondoWite Control Method) 20 FIG 9 is a
fl omchart showi ng a procedure of a second wite control method according to

the present embodi nenthel R/WSchaeseled tBat 8iGhB1PbeBe@RRAMdQeS whQlch
depend on a nonentary heat amount of a coil of a wite 25 head, and is
i nfl uencetlOby i nbegrcatsen af rbedywaibantathyspgauiloysnedntingods swiivbe
operations. Therefore, the second wite control nethod is a nmethod of -
14 restricting dakatsirenal)t heThendDAuBubawmr at §unpeiahi ofi, ahn ot her wor ds
the nunber of continuous data sectors which are wite operation objects. As
shown in FIG 9, 1nkeAfacerbetweepotheVYyive sndemaehasé&dsastamnlit e
operation time, %he CPU 10 Ludges o
e.g., a persofial computer or a digital apparatus).
The CPU 10 is a main control device of the drive,
15 and executes a positioning control operation of the
head 2, a read/write operation control, and a write
control associated with the PTP phenomenon. The
memory 11 includes a flash memory which is a
nonvolatile memory, RAM, ROM and the like, and stores
20 various types of data and programs necessary for the
control of the CPU 10.

Furthermore, the present drive includes a
temperature sensor 12 for detecting especially an
ambient temperature of the head 2 in the drive. The

25 temperature sensor 12 detects a temperature at a

certain sampling interval, and outputs a detected

value of the temperature to the CPU 10. The CPU 10



.that' t he PTP phenonenon has occurred, and discontinues the wite operation
(YES in step S11, S12). That is, when the PTP phenonenon occurs by the
integration of the heat anbunts by the continuous wite operation, 10 and
positioning is degraded by the contact with the disk 1 at a tine of a
positioning operation of the head 2, the CPU 10 judges that the wite error
has been produced. In the wite operation féor data sectors, 15 requested
fromthe host system 20, the CPU 10 executes the wite operation for the
desi gnat ed nunber of the data sectors, and discontinues the wite operation
(step S13). Thatmositéhe £Ptedferatersi fleothytespcibsothggwehte operation
for the designated nunber 20 of the data sectors including discontinuance
of the wite opedeté¢oniomtdf the wenperaperat foomf bhet hempanbenref the data
sectors to be subjected to the wite operation ends (step S14). It is to be
noted that in a ¥REHhbfe no wite 25 error is produced, the CPU 10
continuously executes the wite operation for the data sectors as requested
by the host system 20(FREPFRuseepSi¢adsand BIE) Phenomegonps descri bed
above, thq§tine of thgaﬁwiée,operatioT, that is, the nunber of the data
sectors fot which the*wrrté OpefBt PERIFEAEBTHeVdEHt PhuBuSEy EkEERt 8 i S
restricted, an ipnterruption_operatigon,, for 5 exanpl to wait for one
rotation of the g?%khi£$s£t%ﬁ%o?gﬁigypE§%8%?%8? gﬁdeECBFBFﬁBFy t he heat
amount of the coj ih wite head is reduced. Accordingly, it is
possi bl e to suppress or reduce the occurrence of the PTP phenonenon.

Therefore, the 10 posti}opLog geﬁgéiQrﬁ%EQEhHEaHhEOR§QQS9¥ tgeggggetic

phenonenon is inproved, and, as a resu e wite error can

el imnated. FlGrocsh@ieyresubt smdinRAgHELIENLC0E) the, NyMbeEyPh VERe
produced by the PTP using the nunber of "the 15 data sectors witten at the

time of dne rotabircsn ©fil henbeagh@wnf odid ahér 8ckepnahheadigkalnhagqa
paranmeter. Here, a case where the wite operation Is executed with respect
to 936 sectors vikcingra readi hsadsetahansetéoss, i giahewnagrltbtegan-be
confirmed fromFIG 5 that when the nunber of the data sectors of the wite
operation is dectieseliMRheehembet) 022t despEsedcinr dhaghycirdtgasEsth&hat
is, it is seen that the PTP does not depend on the nonmentary heat anmount of
the coil, and 25'Fkste ni¢a@nebd dyshheldnnegremben 8l.heat anobunts for the
previ ous several hundreds of sectors. Then, in_the second wite control

met hod, the nunber of TRfiehead Zgingdhderubhs datdeseenorsirsr thei srache
wite op réglon S executg@egésonce i s decreased, and accordlngl¥sthe

degree of:PTP isa%%dﬁ;%g% are mounted as a main body, an

mounted on the actuator 4. The slider is formed, for
example, of a material such as alumina, and a recess
23 is formed on a side facing the surface of the disk
1 as shown in FIG. 2. It is to be noted that an arrow
20 shown in FIG. 2 indicates a running direction of the
head 2 with respect to the disk 1.
A write current is passed through the coil of the
write head at a write operation time to generate a
recording magnetic field from the main magnetic pole
25 20, and magnetic recording is performed on the disk 1.
Here, to raise the magnetic recording capability, the

recording magnetic field of the write head is




(Third Wite Control Method) 5 FIG 10 is a flowhart showi ng a procedure
of athird wite control nethod according to the present enbodinent. It is
presuned that a PTP phenonenon is influenced by not only heat generation of
a coil of a 10 wite head but also a heat anpbunt at an anbi ent tenperature
in adrive. Then, in the third wite control nethod, the anbient
tenperature (especially the anbient tenperéture of the head 2) in the drive
is nonitored, and wite conditions are changed in a case 15 where a
possibility of occurrence of PTP is high. The CPU 10 confirns the anbi ent
tenperature in téelarged. baBadebthod dft extedayhhygeaokrtibe teppenature from
the tenperature sensor 12 during execution or before start of the wite
operation (step B2i1ye Nexyenepat henCrPried tefendatrgej tidgneatordiongmati on
stored, for exanple, in a flash nenory of the nenory 11 to judge a
possibility of ¢edgratienfdbeld. PTRhphenbRenowrfenbpvalne. cAs bhowatin FI G
7, the judgnent %nfornation is, 25 for exanple, table information of a
matrix constitutioh. S5ABPT fdghRn2PPRE of FeifoAti HAXEBEBs conditions for
experinmental ly judging th ossib'kity - 17 of the occurrence of the PTP
phenonenoﬁ?beforehandgﬁsFﬁagﬁnlﬁ '@ntzteﬁﬁﬁrQFBPe(??FﬁeFﬁezdﬁﬂéésand t he
wite current Iw, T ,&?U O refers to the_ j ment. information, .5 and can
accordi ngly conf??%?%ha en%lﬁé ?gr%?%%uggdabgggl?chS?gg% ﬁ%b?ﬁfbﬁ 8xanpl e,
in a case where g det egiLon, tenmperat i 4% de e n tEe. ite
1 .
current value Iwis %0 d; or ?ess_ h%é?%ggtgﬁa 53)95§h§%§ég8t E%&ﬁ nd, the
CPU 10 refers tondbendfn) pdgnenl, | pEPr aRbhpBle, 204 366QE91B9LY kHAgeg§Lhat a
to enhance the recording/reproducing capability.
10 In such tendencies to reduce the flying height
and increase the write current, as described above, it
has been requested that the PTP phenomenon be
suppressed or reduced. In the PTP phenomenon, it has
been presumed as a factor that the coil generates heat
15 to raise the ambient temperature at a time when the
write current flows through the coil of the write head
at a write operation time. That is, when the
temperature rises, as shown in FIG. 2, a portion 200
causing large thermal expansion is generated based on
20 a coefficient of thermal expansion of the material
(e.g., alumina) of the head 2 in the vicinity of the
coil.
By this PTP phenomenon, an interval between the
head 2 and the disk 1 is reduced by the expanded
25 portion 200, and, as a result, a flying height (flying
height FH) decreases. Therefore, the flying posture

of the head 2 is non-stabilized, and a possibility



.possibility of producing of the WF caused by the PTP is high, for exanple,
in a case where the detection tenperature T exceeds 50 degrees and the
wite current value Iw exceeds 40 mA (YES in step S23). In this 15 case,
the CPU 10 changes the wite conditions, and executes the wite operation
in order to prevent the PTP from bei ng caused beforehand (steps 524, S25).
Concretely, the CPU 10 decreases the witelBurrent value Iw, for exanple,
to 40 mA or less in the 20 sane manner as in the above-described first
wite control nethod. Accordingly, the WF can be prevented beforehand from
bei ng caused by thet othearhendecoftahes RIP ablihdesrwichopiesadioh tine. It
is to be noted that a method in which the CPU 25 10 changes the wite
conditions is not¢¥¢i$@®-to the reduction of the wite current value Iw,
and a nethod may be performed_in, which the nunber of the data - 18
sectors of the continG8BECWRL{¥E, opéEht PERUFEeREst pEctRE, PERd the wite
operation is executed in the sane_nmanner as |(n the, above-described first
wite control met %rbo.m?%o?hi%h%%sg}eﬁﬂ?%‘?nét’r%np‘?%’d?%%?%gl% 2 Fergeton

bet ween t numher _of. t he conti nuou ata sectors and the anbi ent
t enper atung is%%%%?%%rla%njﬂa%n‘gh?ﬁi ﬂf of B?T Hh!CRHRY a8E6PEi ngl y the nunber

f the d i . 1t h. a. high. i Si . 10 As
Ceseri bed above. MScEPIPEL 60 0F DO ENG PEL MEd: SO0 P0s ET8faRuela 10 A
judged based on gecyaidgnEpsci nfoEm ﬁ@ns%P?%]%@téPgtﬂQed{ﬁcafiO Qetyeen

t he anbient tenperature T Iin the drive an write current 1w dufing the

execution or beforeedher 15 shafte Obribe V&I §onOPSERLT 9P tACCRELLDOlY, in a
case where the possibility of the occurrence of the PTP phenonenon is high,

the wite condi tomssat hwh uelimg. t he reduction of the wite current value in
the wite operation are changed, and accordingly the productions 20 of the
WE can belQrevent ed béFdrehanditeotvheroy Matsed) by the occurrence of the
PTP. The wite conditions include the restriction of the tinme of the wite
operation, that is, tRheGnubbes af flbecdatrd skowbng topbecsdbjecv€dato the
continuous wite 25 operation, the interruption operation, for exanple, to
tenporarily wai tf¥ott ovel foteeniorobfmeeodi akcdrahgt be th&epresentld In
the present nethod, based on the tenperature detection result, it can be
presuned that t %‘Ft’rity of the production of the W caused by the PTP
is lowin a case V\/nerzﬁ ]E,Jﬁﬁr%\%ite current value w5 is, for exanple, 50 mA
or less. Therefore, the PP RPRERCGE TGP ¥hat hachwFtefchifRBnt val ue |w
i's reducegg or tEe 1 1€ itions, includin e restrictiaon on the, nunber
of the continuo 1")cl}i’razta %Cgc rés "gf?let%h%%@%%nga%f%‘%l?%dm]é%l‘.l&’fﬂge h‘é%lgn
of a write head. Therefore, in a first write control
method, a write current value is reduced at the time
of the occurrence of the PTP phenomenon.
As shown in FIG. 8, when a write error (write
20 fault, hereinafter referred to as WF in some case) is
generated at a write operation time, the CPU 10 judges
that the PTP phenomenon has occurred, and shifts to a
process of lowering the write current included in
write conditions (YES in step S1, S2).
25 Here, when the flying height of the head 2 is
reduced by the PTP phenomenon, and positioning by the

contact with the disk 1 is deteriorated at the time of



.10 effect that performance degradation of the disk drive can be suppressed.
It is to be noted that since the judgnent information is associated with
characteristics or the |like of the head 2, the information can be prepared
by 15 a unit of a head lot or the like. Here, to check the PTP for each
head unit, for exanple, a shipping test or the like is utilized. The WF is
measured in various environnents while €hahfjing wite conditions such as
lw, lovs, and the nunber of continuous data 20 sectors, and the judgnent
information indicating optimum conditions on which the W indicates 0 may
be stored in the meityiddind hepétigh®mt o f nfles neéa@n2 preferaebty1oncl ude a
generation intensity which is a generation probability of the W, and
condi ti ons on 25jwidesh thet generneatibs efrohehd¥ hesezegerdrateé® 6 is a
figure showi ng results of neasurenent of the nunber of the WFs generated by
the PTP using - 20 CeherandlentthenpBvallrehangeheadravedawratparaneter.
It can be confirnmed fromFI G 6 that when the anbient tenperature in the
drive rises, thefHEEFRE of2ltR $RiADE? Bliet hedi¥ser néP eafethesheadis to be
noted that when the jte current Iwis changed in accordance with the

change of T he wifRe!] t?%ﬁﬁpl?He %?l?1@69%?%@aWﬁét?h%uEH?FEnYa¢HPue | w
in the register 70 I?nd uses tﬁe f until the anblegt t enperature
changes or the poweriSUBMS of % K %r?%%c?ge%u?hﬁﬂl £ fOPE ?Fﬁ%?nnre as
the change of the $. et er 8% tpe mmlﬁe condlétons ovsS mglch st 8Iy
depends on the genera i TSI N i G E??%Et? £y %%%BSES ﬁa?ﬁ

together with th@lﬁgl @E§U{ thI_e aééje %@/, 320&1%%% izi%g/quegwn i n. FI G

3, for exanple, ase ere MIIS ons | fie wite
conditions are qﬂgﬂgeg]t % ite.head in
whi ch t he nunber of the1%Eg&1g@%%3%€§%g§%né9¥élgﬁ %9 %%%bg?ggféwﬁg is 10 or
| ess. 20 1Rurt heryr@decedhen Iwis changed to 38 mA, and lovs is changed to
70% the nunber of the Wrs can be set to 0. The CPU 10 stores the wite
conditions in the nemiiynlihe Agebtdi agtyr wheprbhecWl esegener ahed, the
wite conditions are set, and the production of 25 the wite error by the
PTP can be effeciiied yopendtbicomdtine withotihe clodededhatitnbeaurhentyite
current - 21 value Iwis reduced, needless to say, the recording
capability of tH&®IIGRE I& Fenitived. raieces otlee wribeecutrent value of the
drop of the Mﬁlte current value Iw, and a nmaxi numrange of the drop are 5
preferably set Heforedmhutern’/Q h(¥E¢ake, step 2Xanbfb; wheatt he, WEhdoes not

i ndi cate even(%*ﬁﬁpe]%gguctlon of the wite current value Iw fromthe
rated val'e to I tFRAEERP 10PPrely” HF S cCORE T Ptk Yﬁeu?eaﬂcﬁléﬁeﬁwlﬁﬁe wite
current val ue v, and shiff. to the. second wite 10 _con rolﬂaetho

descri bed above, anneﬁuw?tlge% r%ﬁ+ﬁFt%F¥%5 bt REATUERB 0P ?XeFHEeﬁﬁlte
t | t t t

Cotuced (the: nurbert orE opdBE AR LivoLE S0 B S5 HhEbELaneed) | the

possibility of the OC@HrfgﬂgéeOEheh§aEE§ f?ohuggggtgﬁ gﬂ?k%ﬂ%‘@glhgeln

anbi ent tenperature in the drive, and the coll heat anount 1s suppressed by

the tenporary imnd estefhiod Winkde, Wift&r opeE abhPlle AEEO5AEROLY, the
production of the W by the PTP 20 phenonenon can be suppressed.

Thereaft @0 it isloeshbd evibuseadige, aalsdabl 25Whif enepeksshirgnrags aneesul t.

As descri bed above, in short according to the present enbodi nent, not by

t he i nprovenent swioftd heperation, and when the write error is still
produced, the CPU 10 stops the write operation and

shifts to a predetermined error process (YES in step

S7). In this case, it is presumed that the generation
25 of the write error is a factor other than the PTP
phenomenon.

It is to be noted that the CPU 10 returns the



.25 head material and structure, but by the wite control to change the
wite conditions at the wite operation tine, associated with the heat
generation of the wite - 22 head, the reduction of the PTP phenomnmenon
can be realized. Additional advantages and nodifications will readily occur
to those skilled in the art. Therefore, 5 the invention in its broader
aspects is not limted to the specific detdil s-and representative

enbodi ments shown and descri bed herein. Accordingly, various nodifications
may be made wi thout departing fromthe spirit or scope of the general

i nventi on conceptedscéd weftnedubyethevappendedthkarasedndutrbeht value

equi val ent s. - 23 WHAT IS CLAIMED IS: 1. A disk drive conprising: a head
whi ch records davhepneadihgkthedivuitenopetatdance Rlthraawmiiveéyguthent
supplied to a coil; 5 an actuator on which the head is nounted and which
posi tions the heh8diged vaiget cposentonabnet he Wasktatdednunand a wite
controll er which changes wite conditions to execute a wite operation in a
case where a wiPeved erPBLYi 8fgEherdiell dridewiprt Euspefapfén endethien the
head recorgs t he dﬁtg in_the target Eosition on the disk nedium 2. The

di sk drive”accortifh§t GUEF&P T2 HRert&i AeEhERGR £BSCBAYREI FBPPLEdEes t he
write current ingg A0 1gnallomable range froma rated value as the wite
condi tions when efec?ing'the generation of the wite error, and executes
the wite operation ig.a A t he,red d w.ite current. 3. The
di sk drive according 58 @%3?%?§%8m§%%QFﬁ QBeﬁhgﬁ%rV étgoﬁPfgﬁPgrlﬁeduces

the wite currentepfit@qagtathawablg 5ﬁgggengﬁb?aEggﬁd?ﬁakﬂg.k?i%gages as

the wite conditions when detecting t eneration of the wité error, and
executes the wig&ereperathedti BeAEEAEUBACEMbERaENG Wit BHEULLERT oign each

stage. 25 4. The disk drive according to claim1, wherein the wite

control |l et0reductsetheitei heagUiEeDbwbAtA, 8Bnd the occurrence of the
PTP phenomenon can be suppressed or reduced.
Therefore, positioning deterioration of the head by
the PTP phenomenon is improved, and, as a result, the
write error can be eliminated.

15 FIG. 3 is a figure showing results of measurement
of the number of write errors (WF) produced by the PTP
phenomenon using a write current (Iw) and an overshoot
of the write current as parameters. That is, FIG. 3
shows results 301 to 310 of the measurement of a WF

20 number range every ten stages from the measurement
result 301 in a case where the number of the WFs is 90
to 100 to the measurement result 310 in a case where
the number of the WFs is 0 to 10.

The WF of the present embodiment is a situation

25 in which a head positioning precision is degraded by
the contact of the head 2 with the disk 1, attributed

to the PTP phenomenon, at a time when the write



.al l owabl e range froma rated value as the wite - 24 conditions when
detecting the generation of the wite error, and further executes the wite
operation in accordance with the reduced wite current after el apse of a
certain tine. 5 5. The disk drive according to claim 1, wherein the wite
controller discontinues the wite operation for a certain tinme, when
detecting the generation of the wite errold3 ard continues the wite
operation after elapse of the certain tinme. 10 6. The di sk drive according
to claim1, wherein the wite controller includes interruption of the wite
operation for a cepetatmohi e agethéeedr i badcandbtridanglivntaecasaétwhere the
wite error is generated at a wite operation tine when the data for 15 a
plurality of dataretetdps rsnpohtbruedskytedcorded, and intermittently
executes the wite operation for the designated nunber of the data sectors.
7. A disk drive conpr F8enyrifenhesy rapitcWiddc Hedsegardbed 4 ndiasicomsidings i n
20 accordance with a wite current supplied to a coil an actuator on which
the head i s nountebRafd"aKEERTBosht RoRS SKhETREE] O 2a Vet gER LpBgioRedH Con

t he di sk dium _a tenperature sensor which detects an anbient 25

t enper at ur@ of tﬁgcﬂﬁgg?gasﬁﬁgmehich judges a possibility of generation of

Getocted byt ne tempefat 0FE“Bongof e Wk S EEPPERT VARTE IS SapIE to
e o oagELLE eRREERL! £k whighibeduoes chigeiel bB SiRLARG YBkS 2o

wite conditions to execute a Wi operatiron-in-aca

result of the |udggenl Wik hRJLCELER 3 9B,ARSSLAT Lihy 8 the geneeation
8. The dis

of the PTP at a wite operation tine. rive according to claim

7, further conprigrpghtlBwa NRADENOLA §hOF§GLUQ?”&%tcbﬂfB%”%thErh%B the
judgment of the possibility of the generation of the pole tip protrusion

(PTP) usih@ the whatether nembevablietandwibe iagkieastst eppar aher &rafot he head
as paraneters, 15 wherein the judgnent unit judges the possibility of the
gener ation of theuPFentisiwgorhehanbivemshbehpdilatig)e idetreatsed .by Ihhehis
tenperature sensor, the wite current value to be supplied to the head, and
the judgnent infeasati ghen20wlorThevdi skcdeagesactbedamgung olfai m 7,
wherein the wite controller restricts the nunber of continuous data
sectors as the withrerebfdi hpahsofotBrecnté pPhethei weispehgeidon in a case
where the possibllitg of the generation of the PTP is high. 25 10. A nethod
of wite control 1ReFeaSaPsk dPPYBLPRSt FhEl degses REaBTPoANREERISE§ -data in

a disk mediumin.accopdance with weite cyrrent, the method , . . ¢ a

longitudinal magnetic recording system. In the first
write control method, the write current Iw is reduced
to thereby suppress the degree of the PTP.

(Second Write Control Method)

20 FIG. 9 is a flowchart showing a procedure of a
second write control method according to the present
embodiment.

It is presumed that a PTP phenomenon does not
depend on a momentary heat amount of a coil of a write

25 head, and is influenced by integration of heat amounts
by previous continuous write operations. Therefore,

the second write control method is a method of



.- 26 conprising: detecting generation of a wite error at a wite
operation tinme when the data is recorded onto the di sk nmedi um by the head,;
5 executing reduction of the wite current; and executing the wite
operation in accordance with the reduced wite current. 11. The met hod
according to claim10, wherein the executing of the wite operation

i ncludes: 10 executing the wite operationlidn accordance with the reduced
wite current after elapse of a certain tine after the wite current is
reduced. 12. The nethod according to claim 10, further conprising: after
the step of execueshylichéngrthe thmepefathengodétimabizsgwi-hiéegener ati on of
the wite error; and reducing the wite current into an allowable range in
stages. 13. The fBthatlaecoili aghes whadm tbe whmbernoZ0cohéiexewst i ng of
the wite operation after detecting the generation of the wite error in a
case where data F8F2asprtiPapi v)ish aseawséteopperstéont phiegssy recorded as
the wite operation includes: interrupting the wite operation for a
certain tine; and 25 Ig‘ﬁté RPEt &Rt B CexdeutRSg endtitier @ra dr 4MFon ifSor t he
desi gnat ed nunber$gggégggda a_sect

10, further - 9 SEn8: "BALBCPPRGIORNBIBRY EBRpGFL dfe FoeRe
e o et oo L LUESoLABLTA S, BESRLP el SR 2
the write operation (YES in step S11, S12). That is,
when the PTP phenomenon occurs by the integration of
the heat amounts by the continuous write operation,

10 and positioning is degraded by the contact with the
disk 1 at a time of a positioning operation of the
head 2, the CPU 10 judges that the write error has
been produced.

In the write operation for data sectors,

15 requested from the host system 20, the CPU 10 executes
the write operation for the designated number of the
data sectors, and discontinues the write operation
(step S13). That is, the CPU 10 intermittently
executes the write operation for the designated number

20 of the data sectors including discontinuance of the
write operation until the write operation for the
number of the data sectors to be subjected to the
write operation ends (step S14).

It is to be noted that in a case where no write

25 error is produced, the CPU 10 continuously executes

the write operation for the data sectors as requested

by the host system 20 (NO in step S11, S15, S16).



-a wite current value to be supplied to the head; and changing wite _
conditions in a case where the possibility of the generation of the PTP is
hi gh.
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the head 2 around a track on the disk 1 as a
parameter. Here, a case where the write operation is
executed with respect to 936 sectors which are
continuous data sectors is shown.

20 It can be confirmed from FIG. 5 that when the
number of the data sectors of the write operation is
decreased, the number of the WFs accordingly
decreases. That is, it is seen that the PTP does not
depend on the momentary heat amount of the coil, and

25 is influenced by the integration of heat amounts for

the previous several hundreds of sectors. Then, in

the second write control method, the number of the



] a?si K, 110% sO "10%M@W@&f()-v 1090& ()-"1109%0& ()-!" 1 10%vHVHE' () -
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10RR dO" 109%RR& ()-B 1d0"10%\ & ()-B : pdErSdb 20 s1099& ()- "1099& () -
continuous data sectors for which the write operation
is executed at once is decreased, and accordingly the
degree of PTP is suppressed.

(Third Write Control Method)

5 FIG. 10 is a flowchart showing a procedure of a
third write control method according to the present
embodiment.

It is presumed that a PTP phenomenon is
influenced by not only heat generation of a coil of a

10 write head but also a heat amount at an ambient
temperature in a drive. Then, in the third write
control method, the ambient temperature (especially
the ambient temperature of the head 2) in the drive is
monitored, and write conditions are changed in a case

15 where a possibility of occurrence of PTP is high.

The CPU 10 confirms the ambient temperature in
the drive based on a detected value of the temperature
from the temperature sensor 12 during execution or
before start of the write operation (step S21). Next,

20 the CPU 10 refers to judgment information stored, for
example, in a flash memory of the memory 11 to judge
a possibility of generation of a PTP phenomenon
(step 522).

As shown in FIG. 7, the judgment information is,

25 for example, table information of a matrix
constitution. The judgment information indicates

conditions for experimentally judging the possibility
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of the occurrence of the PTP phenomenon beforehand
using an ambient temperature T in the drive and the
write current Iw.
The CPU 10 refers to the judgment information,
5 and can accordingly confirm that no WF is produced by
a factor of PTP, for example, in a case where a
detection temperature T is 40 degrees and the write
current value Iw is 50 mA or less (NO in step S23).
| On the other hand, the CPU 10 refers to the
10 judgment information, and accordingly judges that a
possibility of producing of the WF caused by the PTP
is high, for example, in a case where the detection
temperature T exceeds 50 degrees and the write current
value Iw exceeds 40 mA (YES in step $23). 1In this
15 case, the CPU 10 changes the write conditions, and
executes the write operation in order to prevent the
PTP from being caused beforehand (steps S24, S25).
Concretely, the CPU 10 decreases the write
current value Iw, for example, to 40 mA or less in the
20 same manner as in the above-described first write
control method. Accordingly, the WF can be prevented
beforehand from being caused by the occurrence of the
PTP at the write operation time.
It is to be noted that a method in which the CPU
25 10 changes the write conditions is not limited to the

reduction of the write current value Iw, and a method

may be performed in which the number of the data
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restricted, and the write operation is executed in the
same manner as in the above-described first write
control method. In this case, information indicating
5 a relation between the number of the continuous data
sectors and the ambient temperature is prepared as
judgment information, and accordingly the number of
the data sectors can be restricted and set with a high
precision.

10 As described above, the possibility of the
occurrence of the PTP phenomenon is judged based on
the judgment information indicating the relation
between the ambient temperature T in the drive and the
write current Iw during the execution or before the

15 start of the write operation. Accordingly, in a case
where the possibility of the occurrence of the PTP
phenomenon is high, the write conditions including the
reduction of the write current value in the write
operation are changed, and accordingly the productions

20 of the WF can be prevented beforehand from being
caused by the occurrence of the PTP. The write
conditions include the restriction of the time of the
write operation, that is, the number of the data
sectors to be subjected to the continuous write

25 operation, the interruption operation, for example, to

temporarily wait for one rotation of the disk 1 and

the like.
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5 is, for example, 50 mA or less. Therefore, the number
of times at which the write current value Iw is
reduced or the write conditions including the
restriction on the number of the continuous data
sectors are changed can be reduced. This has an

10 effect that performance degradation of the disk drive
can be suppressed.

It is to be noted that since the judgment
information is associated with characteristics or the
like of the head 2, the information can be prepared by

15 a unit of a head lot or the like. Here, to check the
PTP for each head unit, for example, a shipping test
or the like is utilized. The WF is measured in
various environments while changing write conditions
such as Iw, Iovs, and the number of continuous data

20 sectors, and the judgment information indicating
optimum conditions on which the WF indicates 0 may be
stored in the memory 11. The judgment information
preferably include a generation intensity which is a
generation probability of the WF, and conditions on

25 which the generation of the WF is zeroed.

FIG. 6 is a figure showing results of measurement

of the number of the WFs generated by the PTP using
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It can be confirmed from FIG. 6 that when the ambient
temperature in the drive rises, the ratio of the
number of the WFs increases.

5 It is to be noted that when the write current Iw
is changed in accordance with the change of the write
conditions, the CPU 10 maintains the current value Iw
in the register 70, and uses the value until the
ambient temperature changes or the power supply of the

10 ' drive is turned off.

Furthermore, as the change of the parameter of
the write conditions, Iovs which strongly depends on
the generation of the WF is effectively used as a
parameter together with the write current value Iw.

15 Concretely, as shown in FIG. 3, for example, in a case
where Iw is 48 mA and Iovs 1s 110%, the write
conditions are changed to Iw of 43 mA and Iovs of 70%
in a write head in which the number of the WFs is 50
or more. Then, the number of WFs is 10 or less.

20 Furthermore, when Iw is changed to 38 mA, and
Iovs is changed to 70%, the number of the WFs can be
set to 0. The CPU 10 stores the write conditions in
the memory 11. Accordingly, when the WF is generated,
the write conditions are set, and the production of

25 the write error by the PTP can be effectively
inhibited.

It is to be noted that when the write current
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value Iw is reduced, needless to say, the recording
capability of the drive is reduced. Therefore, a
lower limit value of the drop of the write current
value Iw, and a maximum range of the drop are
5 preferably set beforehand. In this case, for example,
when the WF does not indicate 0 even by the reduction
of the write current value Iw from the rated value to
10 mA, the CPU 10 may discontinue the reduction of the
write current value Iw, and shift to the second write
10 control method.

As described above, in short, according to the
present embodiment, the write current value is
reduced, the continuous time of the write operation is
reduced (the number of the continuous data sectors is

15 reduced), the possibility of the occurrence of the PTP
is judged by monitoring the ambient temperature in the
drive, and the coil heat amount is suppressed by the
temporary interruption of the write operation.
Accordingly, the production of the WF by the PTP

20 phenomenon can be suppressed. Thereafter, it is
possible to realize a stable write operation as a
result.

As described above, in short according to the
present embodiment, not by the improvements of the

25 head material and structure, but by the write control

to change the write conditions at the write operation

time, associated with the heat generation of the write
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head, the reduction of the PTP phenomenon can be
realized.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
5 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
spirit or scope of the general invention concept as

10 defined by the appended claims and their equivalents.
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a head which records data on a disk medium in
accordance with a write current supplied to a coil;

5 an actuator on which the head is mounted and
which positions the head in a target position on the
disk medium; and

a write controller which changes write conditions
to execute a write operation in a case where a write
10 error i1s generated at a write operation time when the
head records the data in the target position on the
disk medium.
2. The disk drive according to claim 1, wherein
the write controller reduces the write current into an
15 allowable range from a rated value as the write
conditions when detecting the generation of the write
error, and executes the write operation in accordance
with the reduced write current.
3. The disk drive according to claim 1, wherein
20 the write controller reduces the write current into an
allowable range from a rated value in stages as the
write conditions when detecting the generation of the
write error, and executes the write operation in
accordance with the write current in each stage.
25 4. The disk drive according to claim 1, wherein
the write controller reduces the write current into an

allowable range from a rated value as the write
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of a certain time.

5 5. The disk drive according to claim 1, wherein
the write controller discontinues the write operation
for a certain time, when detecting the generation of
the write error, and continues the write operation
after elapse of the certain time.

10 6. The disk drive according to claim 1, wherein
the write controller includes interruption of the
write operation for a certain time as the write
conditions in a case where the write error is
generated at a write operation time when the data for

15 a plurality of data sectors is continuously recorded,
and intermittently executes the write operation for
the designated number of the data sectors.

7. A disk drive comprising:
a head which records data on a disk medium in

20 accordance with a write current supplied to a coil;

an actuator on which the head is mounted and
which positions the head in a target position on the
disk medium;

a temperature sensor which detects an ambient

25 temperature of the head;

a unit which judges a possibility of generation

of a pole tip protrusion (PTP) based on the ambient
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a write controller which reduces the write
current value as write conditions to execute a write
5 dperation in a case where a judgment result of the
judgment unit indicates a high possibility of the
generation of the PTP at a write operation time.
8. The disk drive according to claim 7, further
comprising:

10 a memory to store judgment information for the
judgment of the possibility of the generation of the
pole tip protrusion (PTP) using the write current
value and the ambient temperature of the head as
parameters,

15 wherein the judgment unit judges the possibility
of the generation of the PTP using the ambient
temperature detected by the temperature sensor, the
write current value to be supplied to the head, and
the judgment information.

20 9. The disk drive according to claim 7, wherein
the write controller restricts the number of
continuous data sectors as the write conditions to
execute the write operation in a case where the
possibility of the generation of the PTP is high.

25 10. A method of write control for a disk drive
that includes a head for writing data in a disk medium

in accordance with write current, the method
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comprising:
detecting generation of a write error at a write
operation time when the data is recorded onto the disk
medium by the head;
5 executing reduction of the write current; and
executing the write operation in accordance with
the reduced write current.
11. The method according to claim 10, wherein
the executing of the write operation includes:

10 executing the write operation in accordance with the
reduced write current after elapse of a certain time
after the write current is reduced.

12. The method according to claim 10, further
comprising: after the step of executing the write

15 operation,

detecting the generation of the write error; and

reducing the write current into an allowable
range in stages.

13. The method according to claim 10, wherein

20 the executing of the write operation after detecting
the generation of the write error in a case where data
for a plurality of data sectors is continuously
recorded as the write operation includes: interrupting
the write operation for a certain time; and

25 intermittently executing the write operation for the

designated number of the data sectors.

14. The method according to claim 10, further
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detecting an ambient temperature of the head at
the write operation time;
judging a possibility of generation of a pole tip
5 protrusion (PTP) based on the ambient temperature and
a write current value to be supplied to the head; and
changing write conditions in a case where the

possibility of the generation of the PTP is high.



