; CDEFe3e| | }\406f T4 1 . _ 1 _ TITLE OF THE | NVENTI ON APPARATUS..AND
METHCOD FOR CONTROLLI NG WRI TE CURRENT SUPPLI ED TO HEAD BACKGROUND OF THE

| NVENTI ON 5 The present invention relates to a disk storagemmmmﬂmmmmuﬂmr
whi ch dataJM@m i nto a discoid recordi ng nedi um ( nane

medi um an M/[’”}Hm@g&d fromthe recording nediumby a head. M.
particularly, fhe pr nt invention relateg to an 10 apparatus and net hod

for controlling a wite current supplied to a head in accordance with wite
data. A hard disk drive is known as typified by a disk storage apparatus

using a disk (disk nedium as a.- rdi i gﬂ) wite characteristic
of this 15 hard disk drive depeﬁ&?ﬁ§hqkﬂgnﬁggﬁ$%§q$ E%nsity (for exanple,
t he track densi ARk t e [ [ Ny et in

whi ch an appara%%g IS%ng : Tﬁﬁggbﬁp%BﬂngﬁTkggﬁgﬁﬁKggiF%Pﬁb I cat’i on No.
10- 312504 discl§§§§L§Ebe§6nhgg9 to assure a recording density 20 margin
(TPl margin) and a tenperature margin in a hard disk drive. According to

this technique (which will bepgekertgdnt OrasuthenvPERPLoRIt hereinafter),
obtaining a lower Iimt value of a wite current relative to the

tenmperatuge margi n amtheaprépRef linfidhtd2ry addietefs e amdilsk EHdreife
relative to the TPI margin can set an optinumwite current w thout

| oweri ng charactppeshites ¢h bahtbhndagands Wradt ties, oblte priddscoial - 2 art
is characterized in that the wite current is optimzed by focusing on both
the TPl nargi n ardotrkéngempdianur{eamelgi,na Hiwdverediwmen aad idacreease in the
recording 5 density of the disk (recording nmediun) advances, the influence
of the magneti cibegleage firpox theoweches divgd rediam &4 achsed.r atlonsecones

| arge. Therefore, it can be expected that the upper Iimt value of the
wite current rBPECLLFELEE1Yhe THPI PHRREGNT BEYERES OMokel 2@ St F8n athe | over

limt value of the wite current relative to t tenperature margin. In
thi's cacbt bot hoRBAGATLSAPENERITPY B TaCORted L PEna BRAGE. STE TSR ¢ hor

degradati on of the_recardin uality in a lowte at ur.e _envi.ronment
occurs. 15 BRI EFBBUNRGY “Gr STHE P NVENTCOR T ACRS P G L O AN S MBGd ment of the
present invention, there.l rQVi a . or r i j.ch data
is witten onto a digégﬁ"fé@é%aF%SQﬁ%dgtﬁéﬁh 5%%33?§H$é§%q$4éﬁf¥ﬂ%g

recording nmedi ugkBY 23R apheddrulhugidigSh iRLKAYR iAMP AR )CRIPr i ses a
wite driver which supplies a wite current to the head in accordance with

wite data, a tanmpecairdifgsaesidumihi chedirdtles chiagaereiriehi®ntodl this
tenperature of the disk storage apparatus, and a controller which controls

25 the oYBr shoohaedr dartk idrdiededpendshenmthiee reworeings deplsiied f(fom t he
wite driver to the head in accordance with the tenperature detected by the
a - 3 tenperat ekempdesorthe track density TPI), temperature and the
like in the environment in which an apparatus is used.
Thus, Jpn. Pat. Appln. KOKAI Publication No. 10-312504
discloses a technique to assure a recording density
20 margin (TPI margin) and a temperature margin in a hard
disk drive. According to this technique (which
will be referred to as the prior art hereinafter),
obtaining a lower limit value of a write current
relative to the temperature margin and an upper limit
25 value of the write current relative to the TPI margin

can set an optimum write current without lowering

characteristics of both margins. That is, the prior



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng
drawi ngs, which are incorporated in and constitute a part of the
specification, 5 illustrate enbodi nents of the invention, and together with
t he general description given above and the detail ed description of the
enbodi nents gi ven bel ow, serve to explain the principles of the invention.
FIG 1 is a block diagramshowi ng a structgre_of 10 a hard disk drive
according to an enbodi ment of the present invention;, FIG 2 is a view
showi ng an overwite characteristic and an ATE characteristic when a wite

current is changed ip Eﬂ?r&%@éﬁ}%?&tiﬂvﬁgéPpﬁheCﬁ?EEQ'c&?r%ﬁkaﬁkye to the

wite current is not appli e 31s VI ew show ng an overwite

characteristic gpdian,AdE,¢ha5ack enySbhCoWRRNthBe T ke rGYRr 8L | S changed
under a lowtenperature Condition in the state that overshoot contro

relative 20 to the vempErsphre€Nhal§inot applied; FIG 4 is a view show ng
an overwite character istic and an ATE characteristic when the wite

current is changed updeevar| awhtamear ahdreagendnt itbe wekbraifiggh track
density in the state that overshoot 25 control relative to the wite

current i5 not dappkied 6FGthé d$sh VrewosHawgngedish)uativaecek,a peri phery
of a wite driver 71 having a circuit - 4 which controls an overshoot
current added thkeeinfinencheall tle7mdgpettiedlenkBbE fluxFIEGSM BAet o 6E are
signal waveformcharts for illustrating control over the overshoot current
in 5 the enbodi head: of| &3. adAacgBt BragKdbeBomee Vpsds-shdWengioasul ts of

measuring the wite current by changing a del ay o
it can be expected that the upper limit wvalue of the

write current relative to the TPI margin becomes lower
10 than the lower limit value of the write current
relative to the temperature margin. In this case,
both margins are hard to be assured in the prior art.
Further, degradation of the recording quality in
a low-temperature environment occurs.
15 BRIEF SUMMARY OF THE INVENTION
According to an embodiment of the present
invention, there is provided a disk storage apparatus
in which data is written onto a discoid recording
medium and data is read from the recording medium by
20 a head. This disk storage apparatus comprises a write
driver which supplies a write current to the head in
accordance with write data, a temperature sensor which
detects the environmental temperature of the disk
storage apparatus, and a controller which controls
25 the overshoot current included in the write current
supplied from the write driver to the head in

accordance with the temperature detected by the



time in awite driver 71 having an overshoot controller 72 depicted in
*FIG'5 added thereto; 10 FIGS. 9A, 9B, 10A and 10B are views show ng the
overwite characteristic and the ATE characteristic when overshoot control
is applied in the hard disk drive depicted in FIG 1 under the sane
tenperature and track density as those in the exanple illustrated 15 in
FIG 4; FIG 11 is a flowhart for illustrating processing to obtain an
opti mum overshoot current and store it in a delay table 921 in the
enbodinent; FIG 12 is a view show ng a data structure 20 exanple of the

del ay table 921 I [t odinent FIG 13 is a flowhart for
d &t drlL :

illustrating processing to obtaln an optinmumdelay tinme and wite current

for each tenpera A h 5 i e
ol ay bl o Bo1 PRISFHPESCRISRSON bR, 36T SEORRAL NS o T DRSS

i ew show ng a data sty 1
Vi ew W ng A dbidpalyin® dEAMWEE, Anide %ﬁ%ﬁn’é&?ﬁég%%é‘?%. -

applied in the first nodification; G 1515 aviews

characteristic and drite obbs tdlartacteigaitd o Aattad PEEFR-PAO/L ) on on a
recording nedium1; FIG 16 is a view show ng the overwite characteristic

and the APE chariddivetirsttiec exfooatinentey retlitaie PRMAL i0h Oddie dR el ng
medium 1l; FIG 17 is a view showing the overwite 10 characteristic and the
ATE char act er i stidhatthen demeera lposistdramp taront kel veat eitdivig aedinye 1; FIG 18
is aviewfor illustrating a zone on the recording medium 1 which can be an
unit for optini Satgitied Weisce ipfioonto farhe eebodamsit ciwerente (el ay 15
time) in a second nodification in the enbodinent; FIG 19 is a view show ng
a data structuré&erve to explain the principles of the invention.
FIG. 1 is a block diagram showing a structure of
10 a hard disk drive according to an embodiment of the
present invention;
FIG. 2 is a view showing an overwrite
characteristic and an ATE characteristic when a write
current is changed in the state that overshoot control
15 relative to the write current is not applied;
FIG. 3 is a view showing an overwrite
characteristic and an ATE characteristic when the
write current is changed under a low-temperature
condition in the state that overshoot control relative
20 to the write current is not applied;
FIG. 4 is a view showing an overwrite character-
istic and an ATE characteristic when the write current
is changed under a low-temperature condition with
a high track density in the state that overshoot
25 control relative to the write current is not applied;

FIG. 5 is a view showing a structure of

a periphery of a write driver 71 having a circuit



exanple of the delay table 921 applied in the second nodification; FIG 20
is a view showi ng an output voltage 20 characteristic of a tenperature
sensor 10 relative to a tenperature; FIG 21 is a view showi ng a

rel ati onship between a tenperature and an optinumdelay tinme (optinmum
overshoot current) relative to the tenperature; and 25 FIG 22 is a view
showi ng a structure of a periphery of a_wjte_driver 71 having a circuit

whi ch controls the overshoot current added thereto which is - 6 applied
in athird nodification of the enbodi ment. DETAI LED DESCRI PTI ON OF THE

| NVENTION FI G Jpligpa c%#%“r%.l%i agr %%S;J%%grtg GrdiC Ay R Pl A g sk
drive according to an enbodi nent of the present 1nvention. In the hard
di sk drive (whi %hhgiald e 7r efeplifi8dd Qras@n HDD hereinafter) shown in FIG
1, a discoid recording nmedium (magnetic disk) 1 has upper and | ower disk

sides. At |east one ditgds Sighe +f dehe s idirsk Sifast Hm tdiaFescorgh ng medi um

1, for exanple, 10 both disk sides formrecording surfaces on which data is

magnetical ly reqondedradihgadonragneidverhead) &rdrsmydtangadddt ageor dance
wi th each recording surface of the recording nedium 1. The head 2 is used

for data %ritinghedemdoddmendi;ng) onto the recording nmedium 1l 15 and data
readi ng (data reproduction) fromthe recording nediuml1l. This head 2 is a
conposite head const iftl@Sed By, 78,9.8A andefB heod wWelvs shravimdesgbults

(i nductive head). The read head is constituted by an MR (Magnet o- Resi sti ve)
el ement, and t hefwhepsurday ithe2orddies aunnead hy ahanting iaveleldn-film
element. It is to be noted that the HDD including a single recording nedium
1 is assunmed intife dty GciiFid ed&gilctedd iin vdna Buover shgPthe an HDD in

vh oh @ PLural ! ksl 56 0GR L A8 SLRCKRR, 38 s recording
LeerT e, o, ST IRt ) o T U500 84 SIS e Lo
oL 2 Cerer POERdpAgl S BSRAMISE wid i vl T laddit st
has a voice coi bRt QreMhicot Wddt 8 is applied in the hard disk
drive depicted in FIG. 1 under the same temperature
and track density as those in the example illustrated
15 in FIG. 4;
FIG. 11 is a flowchart for illustrating
processing to obtain an optimum overshoot current and
store it in a delay table 921 in the embodiment:
FIG. 12 is a view showing a data structure
20 example of the delay table 921 applied in the
embodiment;
FIG. 13 is a flowchart for illustrating
processing to obtain an optimum delay time and write
current for each temperature with respect to each head
25 and store them in the delay table 921 in a first

modification of the embodiment;

FIG. 14 is a view showing a data structure



referred to as a VCM hereinafter) 5 which can be a drive source of the
actuator 4. The actuator 4 is driven by the VCM 5. The SPM 3 and the VCM 5
are driven by respective driving currents supplied from 10 a notor driver
IC (Integrated Circuit) 6. The notor driver IC 6 is a notor driver realized
as a chip and constitutes an SPM driver and a VCM driver. A value (control
quantity) used to determne the driving. cugrent supplied fromthe notor
driver 1C 6 to each 15 of the SPM 3 and the VCM 5 is determ ned by a CPU 91
in acontrol IC9. The head 2 is connected to a head IC 7. The head 1C 7
includes a wite_driver 71 [ n Lt .a.into L current
and a read anpl?*?%?ygngg E%Qsﬁg%%§ m%#%% 2%%|?P§§§39h§5r5§3“§ﬁ3§§| read by
the head 2. Th : Ls connected to a read/wite IC (read/wite
channel ) 8. Thgmgggg}éﬁ?%énfc 8 executes various kinds of signal

processing. This sigpak, pigcesshngitRckudasng/ Preansleog/idigi tal) 25
conversion processing relative to the read si'gnal, processing to encode

wite data and greegestpgstocdes@denceadrdaharacteristithatcant bakekC 9 is
the main controller of the HDD. The control 1C 9 controls respective

devices im the pPPition exaspkecotrliéngoiedidmi ver 1C 6, the head 1C 7 and
the read/ wite 1C 8). To the control I1C 9 is 5 connected a tenperature
sensor 10 used to defF&GL LkeiteapeiawusdoafinghéhkdDbvetiweitentrol 1C 9

i ncludes a CPU 91, an FROM (Fl ash Read Only Menory) 92, and a RAM (Random
Access Menory) OBardhteFROM 02ahd thee'Et abhtanbrvobaticl etnmenory. In the
FROM 92 is 10 stored a control programused to control the notor driver IC
6, the head | C #n ihtereadiatpt BOFELBOARNANt hBe| FRECTAGREhBedIiNM 1;

| at er - descri bed delaﬁAtable 921 (see FIG 5% is stored in the FROM 92. A
storage area in the RARI-937i $SaP| §d&FedRRY1RIWGIE SVEXWEAESt he |i ke 15 used

by th 91. The CPU 91 t h tyol .am, st din the FROM
02, In phit i cul SPA*CHECEREL5Y ERACHPESALE SAFPLESArEVer ALoBRt PROST

ti f t ! t LY KE 136 t t detected
By the. ermper at BVE" SeRGoP 107 25 PR & deBCRT I Of w11 now be g1 ven a5 £
the relationship betywegn e Wizt ¢ieu Feht 18 gstth%%r@LQ%%ecQ%r%%Epristic

and that between the wite current and the Adjacent Track Erase
characteristic eéebga;ﬂglheaeumeﬁeWh@dht@aﬁsbbhanAEEi%h@bQCbﬁtaﬁﬁhgn 5

hereinafter), respectively. In general, data is witten to the recording
medi um (magnet i ehdi skjtenctibeehPDahy oler wwekshgonewudakatwi(telegspect to
preV|ousig time) in a second modification in the embodiment;
FIG. 19 is a view showing a data structure
example of the delay table 921 applied in the second
modification;
FIG. 20 is a view showing an output voltage
20 characteristic of a temperature sensor 10 relative to
a temperature;
FIG. 21 is a view showing a relationship between
a temperature and an optimum delay time (optimum
overshoot current) relative to the temperature; and
25 FIG. 22 is a view showing a structure of a

periphery of a write driver 71 having a circuit which

controls the overshoot current added thereto which is



witten data. In the HDA, therefore, a characteristic indicative of the
state that the original data an which new data is to be overwitten is not
conpletely erased but remains (nanmely, the overwite 5 characteristic? is
inmportant. In order to obtain the overwite characteristic, a signal. is
first witten to the recording nediumw th a given |ow frequency fl.. The
signal witten to the recording nediumis gead by the head. Then, a read 10
signal (reproduction signal) having a peak only in the frequency fl is

out put fromthe head, Subsequently, a signal. of a high frequency f2 is
overwitten in A he. recordi ; Is i i.C .signal is
witten with thgngﬁE?rgéu%ngyl?%.&gﬁgqégggéﬁ%gp%tﬁgelg ?gﬁi%ggﬁuency f2

is read by the head. Thg@$TAf§Eﬁegﬂ§§ﬁg€?koﬁuépuﬁHﬁr9ﬁvﬁﬁ?1?ﬁad i ncl udes

not only the peak of th requency f al so the peak o e frequency f1
even though the |evelprigs haws Thahdck dilQ:@h AnRling WaltRfctdie fgeaquency

fl remains on the 20 recording nmediumirrespective of  overwiting the
signal of the fpequeacnik® dHieer atic@rd82h3l tof anhendodn@lenitevwd tp of the
original wite signal of the frequency fl relative to the signal level Sl
of the repuini ngregeponénvedfivhe sirgnaheohatrde disdqdensye Awhikth winef erred
to as the overwite characteristic. As the ratio S2/S1 becones smaller, the
overw ite charabeeresercedortsens. ahn HAD HeDedmnalf tarposhown AnlEFIGvéarwite
characteristic, there are many renai ni ng conponents of the original wite
signal . I n suchaadiEPDidsirece rdiagpaedannsi(gagnetdepoiskt)s lahes wppgded i n
the signal read by the head, erroneous information 5 is read. Therefore,
the overwite chafadP¥ersdii€kngddgsst r Bifg ledeitelCRE 6 sk sHdehefether rate
inreading in the HOD. FIG. 2 sho the overwite gharacteristic and the

ATE char act eri stWe #R&% SHESF Ple togr FerPrAd R0 Mednged /i Foth&*aPBien whi ch
| ater-d i bed hoot tral | at i tao th it i t
| aLer desgr Ded. Qe e SOl 0L gL B e Lo, IR AL SRR, Lo et

it h i LG . | i t i & , t ;
overuw e cher sgiekathus A0 ELACRD (e SyBeTL. Al e g ve

to the wite cupienhgedehis, alckordiateleimithed alhalolie diePeiaiadce b s T1
and the recording density (track density) TPl (Tracks Per Inch) of the

recordi ng nmedi ugnks rERbidify aRpaLENt .fr aMeFhGad2.2 tike udery Woirt @a2Q@
characteristic is inproved as the wite current is increased. However, the
overwrite charaetrétiab ddasasakeroatddtgy bivte dheerewoiridd nguimeeritum 1 nost
cases. Therefore, it can be understood that the overwite characteristic is
not inprbbed evend Hatthe reeidieg?’ dedar erp ricsivictdoaas ddoabdhe t hat wite
current value. Meanwhile, generally in an HDD, a magnetic |eakage flux from
the wite head FREeréiademefipm 1.. Thisj fegener dSe@ WREWOSHESMSEE current
is increased. This na%netic Ieakage flux may_possi bly magneti ze the

magnet i c substaEQQSGﬁ B6ChEY 1t falk radj &€ h@&dtﬁg t Pag 15% W%eh dat a
shoul 0 be w1 (¢ SRnbLeRatdetkd TheATE P At eTo Ll s e Pyl e |
the ATE charact ot SR eRoarsae ey e, (e X Wl el e Ao "
adj acent ;o a SpERIsk G ule@C b yWahh 13w i e MERCE il element. 1t is

to be noted that the HDD including a single recording

medium 1 is assumed in the structure depicted in

FIG. 1 but it may be an HDD in which a plurality of

recording mediums 1 are stacked.

25 The recording medium 1 is rotated at high speed

by a spindle motor (which will be referred to as

an SPM hereinafter) 3. The head 2 is attached at



Then, the signal witten to the pair of adjacent tracks is read by the
head, and a signal level V1 of the read signal is neasured. Thereafter, a
signal having a high frequency f2 higher than the frequency 15 fl by
several MHz is witten to the specific track for approximately 100 ti nes.
Then, the signal is read fromthe tracks adjacent to the specific track,
and a signal level V2 of that signal is neasured. Subsequently, the ATE
characteristic indicative of the 20 influence of the wite current on the
adj acent tracks is obtained by calculating the ratio of V2 to V1. Because

of the charactef Sé{}& of éx’&‘eaéf“%déﬁopeggaril‘g%%‘?gﬁ‘??ifhéefi‘!é%&e llldé}légomthe

write head becones [arger ‘as e wite curre i S iIncrease ererore, 25
the ATE charactglistic A8t el i ¢ ALESiAS dherMEi L 8-SHEIENt nbd iACci eaged. This
is also appareﬁ?ﬁf€%$1t%§ ATE c aré%terést?c 202csﬁomn8i% F%%i 2. That is,

the - 12 infduengsno8 Wiven asli BeeNind raEkEnbYatlPci€ssi By the write
current can be understood fromthe ATE Characteristic 202 depicted in FIG

2. It is desirade;fo) the hawd chaiactesic1bssdSonl dussirgéedeiacklG 2 to
be both achieved with sufficient margins. In the exanple of FIG 2, this
condi ti org can behsaitcihdesk by sed ta ngoibe #6611l emstivr envhichappldxbeatel y 36
mA. However, the wite characteristic of the recordi ng nmedium deteriorates
as 10 the tenperafereedstd oaveradVCM husy e Bh&E £ 8r shbvshach owenwbet e
characteristic 301 and an ATE characteristic 302 when the wite current is
changed under t&edfbve chperee e tondictoatoret e, Toadactoatont Aekst han t he
tenperature are equal to those in case of the 15 characteristics of FIG 2.
It is to be not@El¥emtby hehe e¥iplrat urthea $EMT? apd FooeYC¥hanaTe in the
exanple of FIG 2, In the exanple of F the wite cuirent value with

{ |G 3, [ 9
whi ch the over iiT1ECRHRY e et e i Sr 5%t T at BHL $RUF SRR S8 asr eBnpar ed
with the exanple 20 of FIG 2. er sel s.to th E characteristic,
the we i G cur T RCTETH SHEERE L HE MIE-SPER L Rer HEFPLE] ¥ bayban FOEOE
deteriorate is 4 &Sﬁsfé-sT? ta!ﬁoggfagéfvgpergg{%yggcgsOL &ﬂfg“@h&e
current on the adjacent tracks i's reduced under e Tow tenperature
condition. 25 Hoygy ituEQ@SéﬂeéhwgdﬁiééfUéﬁd'QCV@@SEriO?ihe Arggkydensity
TPl involved by realization of high recording density of the recording
nedium it can peontrol3quéxpeeypdusbat tbh@etelkhome nenher @bl eiEgmay occur.
That is, achieving both the overwite characteristic and the ATE
characteristic shthestf fuspehéd nBrgnnshe smuedy dritecuit. 6Ft& edckhows an
overwite characteristic 5 401 and an ATE characteristic 402 when the wite
current is changBdtinetBP¥ h2d &ndhthe aé®densst geteemenedondi &i 6AE Blher than
the track density are equal to those of the characteristics of FIG 3
i ncl udi ng the tEApera®ukeel1¥Ci3.t0 be noted that the 10 track density TPI

is TPI2 and higher than TPI1 in the exanple of FIG 3. _As_apparent from
FIG 4, the ATE char 28€ehfed; ¢ H@tE?FB?gE@§ WReft Pﬁ@ngFtE°CUFL8n%eP§

increased at a i@w?tengfr gurg mﬁ{ﬁ theihigh7ira$k ensi%g. Ther e gre, in
the prior art drsc o8Ru TA®i52t ik %095 %ﬁ | { tattoh? tHE ﬁFFu@ﬁ& on the
adj acent tracksdg@gOpgﬁoaap@p@{gn%¥%£gn@na%ﬁcgegggdig%%bgﬁgggoqgggg densi ty

of the recording fedium and reéedu onrn e recordi alTty cannot be

avoi ded 3 a '°¥héﬁﬂPe%§£&ﬁeaﬁ%£'f?@geﬂﬁeiPeQérEiﬁﬂéﬂrregﬁ Egeﬁﬁéore, in

this enbodi nent, as descri bed ow, this problemis solved by adjusting

the current in RBa@Vershert Rasd fOapel ys aBnA¥erehoed sUregAywrifel uded in
the wite current. FIG 5 shows a structure of the periphery of the wite

driver having 25ca(eea@uwtinbi €hangnelyods threovesgdwoiteurcesat added
thereto in the head IC 7 depicted in FIG 1. The wite driver 71 includes a
current source &fécabhdsavarious kinds of signal processing. This
signal processing includes A/D (analog/digital)
25 conversion processing relative to the read signal,

processing to encode write data and processing to

decode read data.



| - 14 bridge circuit 712. The current source 711 generates a wite

v current |w supplied to the wite head (wite elenent) 21 of the head 2
depicted in FIG 1. The quantity of the wite current Iw generated by the 5
current source 711 can be changed and set. The wite driver 71 supplies the
wite current Iw output fromthe current source 711 to the wite head 21 by
the bridge circuit 712 in accordance wth @ control signal WK or WY. The
direction of the wite current Iw 10 flowing through the wite head 21 is
determ ned depending on the states of the signals WK and WY. The states of

the signals WK and W%h@r%oﬁ%kéﬁnﬁﬁe@ Q%DQ%@ R0 dhe dAdicx @ ugof wite
data supplied fromthe read/wite . This wite data is, e.g., 15 NRZ

(Non-Return to Zeno |@M@ré@ht@@laICTbec@h*t%@scklé%kblebtllr% GRS rf our
transistors 712a, 712b, 712c and 712d which are bridge-connected. The

transistors 712@ne748b, (fd2cerbflplé&?dtacemdsed asiswrt qui By ehenerizs
Switching of the transistors 712a 20 and 712b is controlled in accordance
with the signal I8K7sapgdl ted treatilieird tkages 8)Fur Thertier eontwicticlion® dfs t he
transistors 712c and 712d is controlled in accordance with the signal W
suppl i ed $0 thecpnbaséed betenpbuahugiegsehsowklandsel ¢o nisttelgécdine hi gh
(logic 25 "1"). That is, the pair of transistors 712a and 712b and the pair
of the tran5|stﬁﬁ@pEIQ@uaﬁdOflﬂﬁeaH@DnotT@ﬁnﬁpﬂaﬁ@éuiﬁy9tumﬁ@@d@@ - 15
To the wite driver 71 are connected an overshoot controller 75 and

one- shot circuiﬁsC?§X9anda?3?Ro¥héFé§§Psﬁ@é@ EBdtrr Yerer v72 %onmptidses a pair

of transistors 721 ang a Ealr of tra §|sto s 5 723 %nd 724. The
pair of transi sBor&M72Rag 8m7§§C§ § MRBOFA)r OGF t FRRsTESOY $473% and 724,

ly, | 1 i I, the b
ot ential “of ' tr Andrerorerids aRaCtAS s BoBrene AT ST PAYY SPortSr12d. The
peak of the 10 QYBLRRORt cBAELONNLENE ! L BUREC UL QW gcough ¢ he

wite hea contr ase potential contr e one-shot

circuits 73X and {3¥r-ane pyl %ﬁegﬁeseatxcrs Whiheh reului- i$iednd $ BXsand DY
each 15 consisting of a string of pulses which appears only for a fixed

tinme after periede Dikand BArewery &i nBtlehedekatredped deheysitagmales I and WY
change fromthe Iow level (first logic state) to the high | evel (second

| ogic state), rdspecttilGel ¥) Her etobed=iRYthe2@RDM 9Phi s A iste radel ayreda ne)
is changed and set by the control IC9 (CPU91 in the control IC 9) based
on the tenperat dne thed8f¥cOad iby al Aoceérperst ar ogdnggeal @ndA tiel dyi keabl e
921 is stored in the FROM 92 in the control 1C 9. In this delay table 921

i s stored325 i ntSefabivothef CPHe Odel ayhei FEU( §81 grequassi e gonde®lt o set
an overshoot current optinmum at a predeterm_ned tenperature Tin accordance
with that tenpePiCgrém géored ig t %FIFRQg @@scrlﬁe@aFaﬁgﬁ-aEés&Hﬁﬁg Wil
now be given as éo cont&ol ver %he Qv rshoot curren i n_thi |nent
with reference td SPAGTAIESRa 8f8rnF&ﬁ§rt§lVFrFFG§e Anﬁ C6E* HQH' °%of all,
It s dEtern]ne%h%h%&l%@ecﬁkggﬁksd@§v1ng optimum for a temperature

detected by the temperature sensor 10.

20 Here, description will now be given as to the
relationship between the write current and the
overwrite characteristic and that between the write
current and the Adjacent Track Erase characteristic
(which will be referred to as the ATE characteristic

25 hereinafter), respectively. 1In general, data is
written to the recording medium (magnetic disk) in the

HDD by overwriting new data with respect to previously



and W are in the states shown in FIGS. 6B and 6C. Wen the overshoot
current is not controlled in this state, a waveformin the overshoot part
included in the wite current Iwis as indicated by the broken 10 Iine 603
in FIG 6A. On the other hand, when the overshoot current is controll ed,
the wavwformin the overshoot part included in the wite current Iwis as
indicted by the solid line 604 in FIG 6A Manwhile, the overshoot current
included in the 15 wite current hw+s controlled as follows., Every tine
the states of the signals WK and change fromthe @é/\:')l-‘é\}‘él to the high

| evel, the one-shot circuits 73X and 73Y respgct‘h%@?y generate only one

pul se 601 or 602 after periods D1 (13\;@20(5 2 = D1 = dj }orf romthat 20 point
intinme as shown in FIGS. amPIGE' The si Iﬁ}@and DY incl udi ng t he
pul ses 601 and 6Q2.are Fhplt to t owaesh’f) controL}tm teV? A pair of the
transi st ors k2D Ad 722 i n theeot Shoot cant, JPodr “72°reduces the base
pot enti a™of 25 th & &0S Stor 712bebm1’¢f§fbr| dge circuit 712 with the

del ay of g ica‘ﬁt e tranS| bohepBVnt of th% @xghal WK to the high level in

accordancé with twe uﬂasé 601 in ke Othe signal DX. Moreover, a pair
of the tr n&iatd‘res 723 angd gZ(InanB)tit'e overshoot controller z% reduces t he
base potential of hgeremah%r st or 7%%9@ n the br| Cigreaf 12 with the
del ay of D?elfars@ﬁt Phe tranS|t amPP po6i nt of fgt?a WY to echhl gh | evel
in accordance w t,rctelt_{rg\:qtﬁtl se 602 in t‘geo'é‘i3 naI A§ At B t he
overshoot cuypeshf~Tn the vvror b@t@@rf‘r ent I w fel Q\grcng t+h ough thehwrl te head 21
is reéuced. That it"}i ,oddeE peak val Tpftcth'e‘ over shoé ey & can be
controlled 10 by e overs Q@twﬁb’h roller glgﬂala parent frogaFl G 6A the
period of the overshoas f)art can bei shoBPEnéd as co hed 2w th the state

before contrdd 513353!"controléxtt over shoat FI GS. J An 78 8A and
SB a11 t oget her s,hgw Tedutts 15 of aah‘gl Q% the deI ¥akl @r’%)s D1 and D2 (D2 =
= di) and ee&3Uring th 1\ ié Eurrent tqheq e driver nflymaving the
over shoot control lr@“éehomn in FIG ed t he et q._:,utﬁ?%l 7A and 7B show
wite current W&Yeforns gautheo%el ay t| neﬁea‘nea A and d en ZQn
respectively. FI, .a18AI8 8B sh Wk W ifr€cur r ent V\@}é@;ml’l when thq el ay
times ar& dC arfd-1D, respeg tis/éil‘i)f' Her e, £22 05 $dC < D, ,é,Bmta?p\parent
fromthe draw ng hen@&’/er shoot of t;baU@\P e currephith 5 quenti alttlg
i ncreased by pr P:Ol’lgl n Ohﬁeadé\lla t| me ZSde[@m R o dD. T i peak
values i A B, iC amuhadDof the O@f&ﬁ@fbt currents Afne,® nd D

correspondi ng to®the del ¥ theesCdA, qgnagdf D are |,% snly Btk |EZ - 18
< iD. Here, the ‘}t ahivePzed currentl 0Xty i tsel fy,gafd-er &Ver sh of dem¥not
affected by the del ay ti n;eg:tdﬁ? B, dC agg \d@’d’l“"h is, thensya % part in

the wite current gpas Lehe sane c Br eat Tlant i ty |rlraesp§8 ive of 5 heacdel ay
tine. FIGS. 9A, 9B, 10 faétghelﬂﬁ showthe-&faﬁ Ct chara e—mestfic nd the
ATE characteri sti cnwﬁen over shoo? @mn‘t‘? " is ap e HDD il | ustrated
in FIG 1 ubBer the sang bewperature a%qbsraa@re gensrt 0 ;¢on&Pfi ons as
those in the exanpl@®F FIG 4, oW an overygdte
characteristic 901 and, gap arEshar act eﬁ Lgkici®02;] and ag QuERS ¢ ?te
characteristic 903 ahd-an ATE %@rab?e r'stic 904}a wyed 1t fie oversh

currents A and B depi ct @nﬁceﬂ? are ap I{@@b, pecti vely.

I n addition, FIGS. 1¥\and 1OB§§W‘af'| overwrlte chfir A%y erlstl 11ahﬁ an
Y

ATE characteristic 102,, mla erwi,t ¢teristic an ATE
characteristic 104 V\/rﬂsfn the oversdiost urrentg C arie B Uepi ct ed noFIES 8A
20 and 8B are appli edF Egsde’é‘él vel y wanpdr At from FlL G8 . s¥A0%7B. 8A, 8B,

9A, 9B, 10A angplOB, the oveg}r it ERar ct eri Stlé‘;lﬁaé- I %r oved assthfi the

over shoot current is |Q§@ﬁ@. That |§ e © gnal 1eve oy
vel ne st equel
Slgnal e elatlve to © Y of the £
£ eqpenCY F £ o the 5397 dharacterxstl
en e .
L ning compoh n o\TeIWIlt e overwrlt
rema* as r
a ko 11err
£1 18 ref_erre N becomes s D Wi ne POOI
2 R 52/% i an
e worsef\
s atl
erl®



wite characteristic is inproved by an increase in the 25 overshoot

current. On the other hand, as to the ATE characteristic, there is al nost
no i nfluence even if the overshoot current is increased. That is, - 19
according to this enbodinment, the overwite characteristic can be inproved
wi thout sacrificing the ATE characteristic by controlling the overshoot
current in the wite current. This inprovegent. 5 enabl es enhancenent of the
recording quality with the high recording density (track density) in the

| owt enperature environnent in the HDD. Here, optinmum performances at

various environgeoial;teg £§£HE8§iﬁ@?ﬁPetﬁé§HrQgebﬁaégtg%@%gﬂ%hh”g the

overshoot current 1 n accordance wt e tenperature y "t he

tenperature sensghpdfentd 9Fdehet Oraghhgyeuthts. shhnks . sufrhi gheRt aho use
the delay table having the delay tine d which determ nes the overshoot

current quantitypopt siHeef@heRpBEedl 49ghelNMtBRPohEARS! aklr enct@red therein
in accordance with this predeterm ned tenperature. In this enbodi nent, this
del ay table 921ihstréosegnaD tbBedFRPMARZ. hELE, &Zrshevmsaidd@bamatiuature
exanple of this delay table 921. 20 The control 1C 9 (CPU 91 in the control
| C 9) realls frobhstheadel ayheénbfer821thaf overwrdbeoththectekaygticnbad
corresponding to the tenperature indicated by the output voltage of the

t enper at ure sengdostiongnaoelglathent ehpbr fhar erderecatcd by rked25g in
tenperature sensor 10). Here, in the information of the delay tinme d stored
in the delay tabBhe BPR.in accordance with each tenperature, informtion of

t he - 20 delay tine d corresponding to the tenperature which is closest
to the detected tenp8f&tufeSheviehhe BYsrysdte chpLagesilsitdct 628dopt a

Cower 11t %ﬁ%ﬂ?%ﬁﬁ reg?%irgﬁaéia%‘éircd%%ﬁt b2 SR BT R e Penper at ur e
| nal oat 6 byt oRARPAFY S01 K6 ABDI oh BibraatEhePraCBRL oL BB Rg8Boe o

structure is equULNalENt £Pat NG 10oSERUCEEE @eUBRYhie 1 delay EBQEQeB@Vi”Q a

delay tinme corresponding to a predetermned tenperature range stored

therein in accordapee, W} htpachuptredebghBtRefqt BIREkat ki anbaege.
Additionally, the delay tine d may be determ ned 15 based on |i near

i nterpol ati on byndstageshehdebagrivriree ahatrhetkoweriki obl tedpedeture and
the upper limt tenperature in the tenperature range in which the detected
tenperature falts theawcdtdanverenth thd tbel owrng erpnessiog. b28c# = { (d2
-dl) T+ (dlT2 - d2T1) } / (T2 - T1) Here, T is the detected tenperature,
and T1 ahd T2 aférches| ondichtapt thenpeEachptaghdrihEéigpglr FkeAptive
tenperature in a tenperature range in which the detected tenperature T
falls, respectiV®@lyReryFther CUsEePE - anleds até 48 dgterrdseahitbrtyrhe the

ti hoot t th imt t t T th
opt1 rum over shop, S Lentok theplout LI Lokemmer gt ue, Thand Lhg uover
f the inf L QE i d h lge.921, d
[rom the informLign.ol kbe (elaxidi Bpcshend bromute dsiasiahle:tar, o
the head 1C 7. §sE?§§i[ptAQ“aﬁbEEeHQ“&?SmgFiéﬁt%Z gHepBQQ%%?gEg2t° obt ai n

the optinum overshoot current and store it in elay tab 921 in this
embodi mepp Wit hchgtarereestoct he Lhpwehakt agf thkGurlite WieReski pBi Ng the

HDD shown in FIG 1, an operator sequentially sw tches
increased. However, the overwrite characteristic is
saturated with a given write current in most cases.
Therefore, it can be understood that the overwrite
characteristic is not improved even if the write
25 current 1s increased above that write current value.

Meanwhile, generally in an HDD, a magnetic

leakage flux from the write head (write element)



10 and sets the environnental tenperature T of the HDD in a plurality of
stages. The operator inputs commands to direct optim zation and storage of
the delay tines d relative to the set tenperature T froma non-illustrated
host (host system) to the control 15 1C 9 of the HDD shown in FIG 1. This
series of operations can be automated. The control 1C 9 starts processing
according to the flowhart of FIG 11 in ngspanse to the commands. The
control IC 9 first sets the delay tines 20 corresponding to a predeterm ned
| owest overshoot current as D1 and D2 in the one-shot circuits 73X and 73Y

[0 the head |G {4 g%g%rgued IRerCORL Qlr ikl Jubhldh@s ile3h AR L all 1racks

or a plurality o eterm ned tracks on a corresponding recording 25

surface of the regar dhgacredi Ylakale Hexhedd Dols? il rdl@let 163t ep S2a) .
Then, the control 1C 9 neasures the error rate in the HDD (step S2b). -

22 This error Eﬁbemﬁ?ﬁéﬁﬁ%ﬂﬁﬂbs%&&pﬁeo&E%hb%%@;bkr%%@ﬂb@Qa@@h& Wo tten on
the recording nediumI in step S2a in sector units and obtaining a

percent age of at$ectetcwhionhwheats dadaa shead debieOkvr it tERe (Geidrdled)C 9

j udges whether the error rate nmeasurenment result is larger than a
predet er nbned r gher ATEe churacteatie tiichissbaled ofalthe) iqstieesS3hichf the
error rate neasurenent result is larger than the reference error rate, the
control 1C 9 detiediicaés thet hagneltd covlerkaidgee fdhar detoay itdiel evriige
insufficient. In this case, the control 1C 9 increases the delay tine for
only a correspoh@igdg tiThe i9gfadndéd ofp ofndheaddE whagpatsdsticumiddt by a
fixed quantity (one_stage) (step $S4). In this state, the control IC 15 9
agai n nmeasures PR¥ EFr@gvﬁgte A&t 858es2 40 RT3 R then AlRe cHRF&CteRan, i f
the error rate neasurenent reﬂuLt Qes not.%éceeg the refer e error rate,

the control IC &5%&Cer i FERPhat-St AdI& A iL-58 40l PRl @GS t he
opti mum del ay ti i i . 2 i over,sho current .val ue at
t he presgﬁtly sggsﬁgﬁggrg?u%e%$%cﬁ%%Fh%§%%%é§g thé é%&%%%ﬁq ngyégéfes
entry informati ihnc i ng al i1 ¢f nfrar [ 1 Qf : rature T and
i nformation of ?%g de%g% Figgag igl?ﬁg dgﬁagﬁkagﬁé 9S?hﬁgéﬁﬁgﬁ¥he dat a
structure 25 depirgicad 1B FeBd B2 (HepeSa), aHRe C@Algrall 1GvR 1bRiINgs t he
delay table 921 to conpletion by repeatedly executing the above-descri bed
processing i n agher daace signad3 iswnieh stael.pr adetreafitkeq erpehaur e.
[First Modification] A first nodification of the enbodi nent according to

t he present invéetviog wa highowresugasyr ifiZedighelrt tham dheexpecetcyhat the
overwite characteristic and the ATE characteristic such as shown in FIG 4
becone char act efilsbivc segviadg Mbzr dguMaiititieas toudheo spee idiiar 4deek Forcs of
the recording medium 1l and _the head 2. For_exanple, |ike _this enbodinent,
when the 10 hea@PProXig@tgdged O8n taES -of THEE r &6 FilGadurifad€edof t he

oy poSSL bl y varFOe iR I CH GADR R £ GhE BOT A A oS gt t ho <
f i ntai ni . ti f 1 i f f th
orce main alnlggfaggﬁqaqg%ehz%% %Faggﬁ%bsgg%gl §Sr %%%ﬁk%%ésur ace o e

recordi ng nedi um rt her mor e, € “éxpected ATE

characteristic g rnitq_r te \g st Ir% 1_,i- qolV[ e ndij n
irregularities o tshggl%r aclf'lwi crilt h hegglaw gtth ltg%leaéﬁ%ﬁtecg @Lg’% %ﬁcg%g%or e,

it is 202p0ssi blig 1@ erRRe oW itheaRy il hawirag tl dn0e e RGWRkt ekl the
characteristics of the recording nedium 1l and each head 2 by optim zing the

wite current itiselobtalifheldby eaSeuliating sufef ircitart dfo viorm tie del ay
table 921 as shown in FIG 14. That is, the
Because of the characteristic of the write head, the
maghetic leakage flux from the write head becomes
larger as the write current is increased. Therefore,
25 the ATE characteristic deteriorateé as the write

current is increased. This is also apparent from the

ATE characteristic 202 shown in FIG. 2. That is, the



25 optimumdelay tinme d and the wite current Iw are determned in
accordance with each tenperature T for each head 2 (head H) and stored in

t he del ay - 24 table 921. Description will now be given as to processing
to obtain the optimumdelay tine and the wite current optinmmfor each
tenperature with respect to each head 5 and store themin the delay table
921 with reference to the flowhart of _Fl Gy 13 Wen shipping the HDD shown
in FIG 1, an operator sequentially switches and sets the environnental
tenperature T of the HDD in a plurality of stages. The operator i nput s

commands 10 mhlg fﬁhr %% gBtEgbzggj th§%%&%g?gpfﬂQT%é¥¥n |ne d and

the wite curren each he respect e set 't nperature T

fromthe host system Eartr@%tcg%r Ble hﬁd%r%ftoto@ef'zw deRi girgd in FIG 1

every tinme the environnental tenperature T is set 5 The control 1C 9

starts processi pf;2a6@keiRE 110 2ihhe 4 QWQ@@rQDQ&TEIGQ 13 with respect to
accordance with the commands. Here, that the processing according to the

FIG 1 is executed wrtth irsesReGr il d 'fo20 tihe theadhafdangeded he
respective surfaces of the recording nmedium1l. each head in it is

determ ned fl owthaustektiee HeadI1z.( BO:cobe eoatdiahiBved witthol | C 9 (CPU
91 in the control 1C9) first sets the wite current |w output fromthe
current source BLffilcikehd wartgendri vén Theprexamgde tof Z5G.he heddslC 7 to a
predeterm ned current quantity (here, 20 mA) (step S11). Then, the control
IC 9 wites firspnddstogarcant beasdtiisfdles by sefiting ithe ofrite 25
predeterm ned continuous tracks on a correspondin recordlng surface of the
recordi ng medi uRREIBRLt ke ﬁ@&éozl@§¢@éYSf§)mASub ﬁﬂhy,h@h@n&ﬁﬁrcﬂ IC 9
measures the error rate (step % k This error rate 5 measurenment in step

h

S13 can be real £ éﬁaWeF é&llﬁ:g h§a 8 CRNCHGN MG e dret?@&rléﬁrﬁ&eﬁe@lsum 1
in step ?éz in ct un|t and .qbt ai ni_n cen sector which
results an e%ﬁ r. %Hfroﬁs RAY esgﬁﬁg Urgh §¥Wﬁrapate at
address | of th% Mrg%elghgig%ge§%gk13“%&?%% BFE a%_ ég té@%l g&g{dlng

medi um 1 to whi Ch data is witten in step he i
di rection of th@orzem(r? | G R I eRK 1‘&”'&1%1n%‘°etd ‘ﬁ?i@i%'xStt'h'ég gfwthree

conti nuous tracks 15 managed. The control 1C9 wites second test data

to two tracks exegplratiiaclkoddithiencentRine, NABRIALtiloMd Iotaeks tadinacent to
the center track in accordance with the track set (step S15). The contro

| C 9 executes thhe wenbergtiaret maek ecadjlacentthioset Hey cantecioft ek 20 with
respect to each of a plurality of track sets. Then, the control IC 9 reads
data frotbPeach characteristics of FIG. 2. It is to be noted that the
temperature T is T2 and lower than Tl in the example
of FIG. 2. In the example of FIG. 3, the write
current value with which the overwrite characteristic
is saturated is increased as compared with the example
20 of FIG. 2. Conversely, as to the ATE characteristic,
the write current with which the ATE characteristic is
caused to deteriorate is increased. That is because
the influence of the write current on the adjacent
tracks is reduced under the low-temperature condition.
25 However, considering a future increase in the

track density TPI involved by realization of high

recording density of the recording medium, it can be



center track in units of a sector with respect to each of a plurality of
*the track sets, and obtains the error rate (step S16). The first test data
is witten 25 to the center track in each track set in step S12. If the
center track is adversely affected by the magnetic | eakage flux in witing
of the second test - 26 data to the tracks adjacent to the center track,
the error rate obtained in step S16 is-lanfger -than the error rate acquired
in step S13. Thus, the control I C 9 judges whether the error 5 rate
obtained in step S16 (which will be referred to as the first error rate

herei naf ter) isclBLOeCql ALt BRCCELITLALG $6aEAL Al ragddLess,). | inhe RAV

93 (which wll Be-referred to as the seco error rate herelnafter (step

Si7). If the fisst gehoeviabendensthd Bobrpraced chiessecond s ghgate, the
control 1C 9 detefmnes that there is no influence of the magnetic |eakage

flux. I'n this cage, arhecearheekerhStIcSatignt RA AMiich @neUa@Bt nkWils0 varyal ue
which is increased by one stage (for exanple, 2 mA) (step S18). In this

state, 15 the caafrebull€.9 &gai.n4expowseansibepswiiet @hdtactCenensel y, if
the first error rate exceeds the second error rate, the control IC 9

det erm neS t hat 40hernead anaAl8r chalkaetktedistdic 40 whgnetthe Wwedkage flux. In
this case, the control I1C 9 sets the wite 20 current Iwto a value which

i s decreased bycuomeestage chamipd(sticp She) hifhe twalake dehstity.write current
lw set in step S19 corresponds to a wite current opti numat the currently
set tenperat ur eH¥rand copdifid onsagtherHopasuthenttirpckededisddy 23 eUpon
executing step S19, the control IC 9 carries out processing (steps S20 to
S23) correspond?ﬁﬁa@ot§t§B§581°€0t§§ FﬁaFﬁétﬁFé®6ﬁ§ﬁt°§fFﬁ%G.311 and -

27 determ nes the_optinumdela d correspon to the ti_mum
over shoot curreﬁPCl?ﬁéﬁg the ﬁ? PtHESY stidr &8 g %f PHF@FH%B@$nthe

{orperat 86 5 TEPRTo] %??%x”%?’i‘t e dEr 2, “%a%lahshﬁf PP et o o4 ne

t t t abl 2 t,
FlG 14 (Stop SOEPRPLBoeR atsoPri AT ORP oA eto R mader s Gt o8 B itne |

enbodi ment aCCOEﬁbBQc%QrH%tE%edﬁ%%%@%&a&@%e%%b%nEwé hrlew b deser ijked.
FIG 15 shows an overwite characteristic 151 and an ATE characterlstlc 152

at an outer posihcglaged he kegoewditegpardituiel wikhGthb6 hslews ragkoverwite
characteristic 161 and an ATE characteristic 162 at 15 an internedi ate

position on thedeesdrdi.ng Thediediore, EhGthe7 psiows aart adeodmisieel in
characteristic 171 and an ATE characteristic 172 at an inner position on
the recoi8i ng ms#eumboveApubgigrsdons r sieFiGS1uesceo on7 theh@ddmEent
characteristic varies depending on the 20 position on the recordi ng nmedi um
1 in the radi al tdRF&St PEFOTPFal PEOLLRE WddhedlofincirERgendd &het he magnetic

| eakage flux on adjacent tracks vari dependi ng on the p05|t|on on the
recordi ng medi um®£© FﬁlPﬁedF§§|§W 8|r$gF GifC OfﬁégngF@ 1umy @nd pe expect ed

reduction in the recording quality cannot be avoided
in a low-temperature environment in particular.

20 Therefore, in this embodiment, as described
below, this problem is solved by adjusting the current
in an overshoot part (namely, an overshoot current)
included in the write current. FIG. 5 shows a
structure of the periphery of the write driver having

25 a circuit which controls the overshoot current added
thereto in the head IC 7 depicted in FIG. 1. The

write driver 71 includes a current source 711 and a



25 that the optimnumwite current and the opti mum overshoot current (del ay
tinme) also vary in accordance with each position on the recording nmedium 1
in the - 28 radial direction. Thus, further stabilized performances can
be assured by optimzing the wite current and the overshoot current (delay
time) in accordance with each position on the recording nedium5 1 in the
radial direction. Specifically, as shown i FI.G 18, it is sufficient to

di vide an area 100 on a recoding surface of the recording nedium1l into a
plurality of zones in the radial direction and manage them and further

optim ze thE.wﬁb&§dﬁarageku1@ and th?h@V@5§Q%9E ggh&%§t7@qebéxe&5%%k in

accordance with each zone. Here, the area 100 is di Vi i nt'o ) hr ee

zones 71, 72 ang %§1@edcﬁa@ag@dIwPégggdué@st%tha WQlE@ehE%@WQQ%ﬁ%eOf FI G
13 can be utilized for optim zation 19 shows a data 15 structure

exanpl e of the dekantabbe 821the hBeS cagepiktels ihoFhe . nat.edThiae
stabilized performances can be assured by ePfecting optim zation in
accordance w thgeaahipgsofi cheonrtihe teceedtngwngdnemateidnblyheheadi al
direction with respect to each head. 20 In all of this enbodi rent and the
first andS5secondumpdnti satirors7df thnsbenthdngedt antheeapt | T endritghoot
current (delay tine) is set in accordance with each tenperature when

shi ppi ng the HDBriveweVér suphéiept thenwoiseshuorentr fonbutpeitafromme) can
be set 25 even after shipnent. In order to set this current, assuring a
dummy write arehhet SURKEBR &OUSEE CAANSE Khecwadkesdeagn2i bacsheing
surface of the recaordin ium 1l can suffice, for exanple. In this
case, the optinﬁﬁﬂggér§366P15u798nﬁn(6€F8§dﬁpﬁ§)Wééﬁ Bec§8ﬁr8} Fe&8ati ng

th t th_t t ta th th

1 owahart of F1EK 9T, NG FlTRoP o FPREIOR, Phuii e FEQ CEUFFERE ENAU he opt | mum
h t f [

the orrof*rat ree%&?fﬁﬁha%‘fhﬁ%ﬁ?ﬁ%%% R8P 48 SRRARER R co i th e

flowchart of FlGe éﬁdéhg b gHE! beberk B?rthQ'élﬁﬁaiéthknﬁnﬁr%%ess'”9 to be

automatical ly exe ute y the control 1C 9 when e tenperature detected by

the tenperaturersengertdd deviakesibhamst IR beePavabwee jedBdainRe cat ed by
tenperature information stored in the delay table 921, for exanple. In

order to achi eveepbntiihg, oht the Subliccivantet bt wirieecaataokubpl9ed
periodically nmonitors the tenperature detected by the tenperature sensor

10, for exanpl efrpifhiche KMeddfwcateod A.t hiThd snwdiitiecdbitanisf, thigs,

enbodi ment according 20 to the present invention will now be descri bed.

FIG 20 shows ahlR8dt pNenvBetuge ERargEPednyerseof defé -t enperature sensor 10

in a tenperature ranqp (for exanpl e, 0C_tao 60C) which uarantees t he
operation of the HDDIP&sPLHORS i O JQQNQQ@erﬁ§%) NSAFEOXS of

Fespect o the 7aABer 2&%832?5%2%9'9“7?&9%@%&@%1)'@1?’&{‘%;'&35%%'8 %S %
guarant ces the queraian.gtothe)ioD, 4G, 23,shous ! herelg agzgpgﬁbetween

t he tenperature (€nvironnen npératuré of “the ature

range guaranteeg@@tEhﬁngpe&ahb esof §W&Q%R§R§e%&dthaetqahkgg%bQ%'%xZ%'”E

(opti mum over shoot curr ative to t nperature shown in
20 and 712b is controlled in accordance with the signal

WX supplied to their bases. Furthermore, switching of
the transistors 712c and 712d is controlled in
accordance with the signal WY supplied to their bases.
Here, both signals WX and WY do not become high (logic
25 "1"). That is, the pair of transistors 712a and 712b
and the pair of the transistors 712c and 712d are not

simultaneously turned on.



drawi ng, the optinmumdelay tinme (optinmum overshoot current) varies linearly
"with respect to the environnmental tenperature of the HDD in the tenperature
range 10 guaranteeing the operation of the HDD. Wen the tenperature sensor
10 having the characteristic showm in FIG 20 is used, the optinmum del ay
time (overshoot current) varies linearly with respect to the output voltage
of the tenperature 15 sensor 10 as apparents fromFIG 21. Therefore, it is
sufficient to linearly change the optinmum delay tinme which gives the
opti mum overshoot current in accordance with the output voltage of the

temperature sensor 14, By dqing o e oAU IIIMAYEISHAN! SUIGANsRR Can be

dynam cally set in accordance with the environnental tenperature at t

moment when the HpPrshewe hB EhG ohelsnidted RAughar agkerist igyof the third
nodification lies in that the optinmum overshoot current (delay tinme) is 25

dynami cal |y set Tihg %Q%Q%Q%B%ecph%thﬁ%reW@i%%H?ﬁﬂ%%% emRaralgy e at that

nonent when the HDD shown in FIG 1 is used. FIG 22 shows a structure of
the - 31 pericphakysebrshg2w aha drivenhdhavicad rt be evemshicaloreontrol | er
added thereto in the head 1C 7 applied in the third nodification. It is to
be noted bhat | 17k8 wetier’édce Mheepalix dEndrangdsttoraqui2dalagyad 72@ t@mise in 5
FIG 5. The structure of FIG 22 is different fromthat of FIG 5 in that
one-shot circui the7paXrapnd E3a@¥saséorsed 2i3n apldade dof relspemid-vetign circuits
73X and 73Y. The one-shot circuits 730X and 730Y, respectively, output
signal s DX and P¢ne&drutenbiese ingtentdf la contingg lefr spwhsedh Wwondirodecone
high only for a fixed tinme after tines D1 and D2 SDZ = D1) which are in
proportion to tk&eoReset PesenideloPt k& anshsdordt Uitaeks énsortheo basénper at ure
T indicated by the output voltage) every tinme the signals WK and WY change
their 15 statespPFSHEP od ﬁ?&%.lﬁgoi r&gﬁrt,Tﬁﬁéf¥$%W|ﬂﬁnqﬁﬁ ay tinme is
dynanicah y set in_accaordanc t he envi ronnent.a

Wi th t er.ature of the
HDD. The fore,OWﬁrF 8°FhPF5%n68iFP€aPF6ﬁF Fﬁgrgﬁfi&ﬁhﬁ%@@?ﬁﬁ%o%léﬁﬁﬁént

can be automat | ‘E?Je' Yori®l WS%?O‘%H GQntdy 'tf%\iﬂe*&ebgpng%g_%t lsed Gote ;t:ia‘M' thout

preparing the delay table I'n the Toregoing odi nents according to
the present invephien, .a hard disk drive is used as the disk storage
apparatus. However, the present 25 invention can use a general disk storage

apparatus such as an o iceRd- stk g 1y xRt B YRite duldesk drive.

- 32 Additional advantages and nodifications will readily occur to those
skilled in the aenherBteraf ehdcht loa tipmte Ftiigora lisn DXt ankr e¥deracdspects 1S not
limted to the specific details and representative enbodi nents 5 shown and
descri bedSher ei wonadsdridiongify 2 edriiags orfodivflisest iWwvishhwprse nsade i t hout
departing fromthe spirit or scope of the general inventive concept as

defined by the &oFerddd*@daitiicand tefePed@dsy Alemnsl D2 evExY WARE | S
i scoi d rocor di A STERAHRRRRY tERIAHGTOr SUdba ALY IR or Ty e um ar e
carried out DY 8.5 el CUMASIL: A WAL XA WA syl o5 @ write
(second logic state), respectively. Here, D1 = DY =
20 di. This time (delay time) is changed and set by the
control IC 9 (CPU 91 in the control IC 9) based on the
temperature T detected by the temperature sensor 10.
A delay table 921 is stored in the FROM 92 in the
control IC 9. 1In this delay table 921 is stored
25 information of the delay time (delay quantity) d used

to set an overshoot current optimum at a predetermined

temperature T in accordance with that temperature, as



a tenperature sensor which detects the environnental tenperature of the

di sk storage 10 apparatus; and a controller which controls an overshoot
current included in the wite current supplied fromthe wite driver to the
head in accordance with the tenperature detected by the tenperature sensor.
15 2. The di sk storage apparatus according to claim1, wherein the
control l er includes: an overshoot contcol hgr which controls the overshoot
current included in the wite current supplied fromthe wite driver to the
head; and 2Q a nmin controller which controls the overshoot controller in

accordance wi th,the Bgn@ggg}gggddgggg ed by the tenperature sensor. 3. The
di sk storage apparatus according to claimz2, further conprising storing

means for storing 25 gsg§ g@ & wiadhugoyused Eqvggta Nt@venLskoal current

optimum for each pre eter tenperature in accordance wth that

predet er m ned t@VEErﬁhHrévershoéﬂ cWheegknihhennai BneeRt ighkeyitgads a
paraneter value corresponding to a tenperature detected by the tenperature

sensor from thergterkngeMeansighhlanaoedantmecwhtist B Feaper ahuke detect ed,
and controls 5 the overshoot controller in accordance with the paraneter

val ue. 4.5The drsksgtoragelappar akudc@eentidedgthatckthems2gnaer @kn t he
write driver includes: a current source which generates the wite 10
current; and a bndd@g¥ arecunt thensamhesgshopai inofFIGEr sEBt rads6Stors and a
pair of second transistors, the pair of first transistors supplying the
write current g¥henathd byerhboetir cuntessuicenctd thatheaddednia thist

state, a waveform in the overshoot part included in
the write current Iw is as indicated by the broken
10 line 603 in FIG. 6A. On the other hand, when the
overshoot current is controlled, the waveform in the
overshoot part included in the write current Iw is as
indicted by the solid line 604 in FIG. 6A.
Meanwhile, the overshoot current included in the
15 write current Iw is controlled as follows. Every time
the states of the signals WX and WY change from the
low level to the high level, the one-shot circuits 73X
and 73Y respectively generate only one pulse 601 or
602 after periods D1 and D2 (D2 = D1 = di) from that
20 point in time as shown in FIGS. 6D and 6E. The
signals DX and DY including the pulses 601 and 602 are
input to the overshoot controller 72.
A pair of the transistors 721 and 722 in the
overshoot controller 72 reduces the base potential of
25 the transistor 712b in the bridge circuit 712 with the
delay of D1 from the transition point of the signal WX

to the high level in accordance with the pulse 601 in



15 direction in accordance with a first control signal corresponding to the
writ'e data, the pair of second transistors supplying the wite current
generated by the current source to the head in a second direction opposite
to the first direction in accordance with a 20 second control signa
corresponding to the wite data, wherein the overshoot controller controls
the overshoot current by controlling the hgse-potential of a transistor on
the outflow side of the wite current in the pair of first transistors and
t he base 25 potential of a transistor on the outflow side of the wite

current in the PALTs9fnagoond (f8Rehoeersa Baineedinl tranage apgaratus

according to im4,’ further conprising: a first pul se generation

circuit which geperahgs7asfihstnaubserahber ebarse19kra set-cdalay thee and
outputs it to the overshoot controller every tine the 5 first control

si gnal changes bhgeSpatentiam arf thst thaaise stbat 91b@ ansesendrlidgiec state,
and whose delay tine can be varied and a second pul se generation circuit

whi ch gener at escarsatendipuwsehather dellagsefob2arsein dakayrbnsetdand 10
outputs it to the overshoot controller every tine the second control signal
changes i bs stapeihtonft hbef sighallofivc tst #he haghhéevedond keogocdshate, and
whose delay tinme can be varied, wherein the main controller sets in the
first 15 and sewdohd phespuderefrlli én thecsilupad B¥l.ayAsi ge résvdini tbe by
the paraneter value corresponding to the tenperature detected by the

t enper at ure sen§§?r53ﬁéttﬁéréﬁéﬁshéoﬁhéoWFﬁéﬁléﬂré@ﬁﬁréwsfﬂﬁylbﬂse
potential of the transistor on the outflow side of 20 the wite current in
the pair of fir§&hrergRsFBEoFEifR BEE6r ddndé %F?Hcédpulgéa5uﬂ§ut theom t he

f t | d th t ent
Lransi Stor ot RESUPRAR SEaBn8 SURESHPPLe i ?%%Hpﬁﬁi%'a. Fodetbcond

Lransi stgps 1n 29, BRECLIANCEML! RAcHUlseOLRUL AT gmLhesecand pul se

gener ation circu OI’ age appar at US a
FIG. 6A, the period of the overshoot part can be

shortened as compared with the state before control by
controlling the overshoot current.
FIGS. 7A, 7B, 8A and BB all together show results

15 of changing the delay times D1 and D2 (D2 = D1 = di)
and measuring the write current in the write driver 71
having the overshoot controller 72 shown in FIG. 5
added thereto. FIGS. 7A and 7B show write current
waveforms when the delay times are dA and dB,

20 respectively. FIGS. B8A and 8B show write current
waveforms when the delay times are dC and dD,
respectively. Here, dA < dB < dC < dD. As apparent
from the drawing, the overshoot of the write current
is sequentially increased by prolonging the delay time

25 from dA to dD. That is, peak values iA, iB, iC and iD
of the overshoot currents A, B, C and D corresponding

to the delay times dA, dB, dC and dD are iA < iB < iC



- 36 claim1, wherein the wite driver includes: a current source which
'generates the wite current; and a bridge circuit containing a pair of
first 5 transistors and a pair of second transistors, the pair of first
transi stors supplying the wite current generated by the current source to
the head in a first direction in accordance wwth a first control signal
corresponding to wite data, the pair of sggrond 10 transistors supplying
the wite current generated by the current source to the head in a second
direction opposite to the first direction in accordance with a second

control signal cOLESPeRAING th (el dahfr METRIdh it CAHJ10H | er

controls the overshoot 15 current by controlling the base potential of a

transi stor on thetut iwsHddr afs the @ifififed by hhdPald10f fiMed da
transi stors and the base potential of a transistor on the outflow side of

the wite curreg,i id k@D, ofThsacang Nl padtt An HiRe dhsic st orage
apparatus according to claim6, further conprising: a first pulse

generati on ci r cuiur naimitc hage néreatsagen durrsin tpuhsmtaftveri et eagisea- fvea et
delay tinme and outputs it to the controller every tinme the first 25 control
signal ché&nges ithe stedtsey friomm.a first logic state to a second |logic state,
and whose delay tinme can be varied; and - 37 a second pul se generation
circuit which generat®ES sHeorftB pulFe arfd efOR| Hpwe Yie cosuwridtary ti ne and
supplies it to the controller every time the second control signal changes

its state from IhemEGtRr §sddic apdktthee AT Hemsd@idiatoid dhamat e, and whose

delay tinme can be varied, wherein the caontroller controls the base. .
y overshoot control is apﬁTled in the HDD illustrated in

FIG. 1 under the same temperature and track density
10 conditions as those in the example of FIG. 4. Here,
FIGS. 9A and 9B show an overwrite characteristic 901
and an ATE characteristic 902, and an overwrite
characteristic 903 and an ATE characteristic 904 when
the overshoot currents A and B depicted in FIGS. 7A
15 and 7B are applied, respectively. In addition,
FIGS. 10A and 10B show an overwrite characteristic 101
and an ATE characteristic 102, and an overwrite
characteristic 103 and an ATE characteristic 104 when
the overshoot currents C and D depicted in FIGS. 8A
20 and 8B are applied, respectively.

As apparent from FIGS. 7A, 7B, 8A, 8B, 9A, 9,
10A and 10B, the overwrite characteristic is improved
as the overshoot current is increased. That is, the
write characteristic is improved by an increase in the

25 overshoot current. On the other hand, as to the ATE
characteristic, there is almost no influence even if

the overshoot current is increased. That is,



potential of a transistor on the outflow side of the wite current in the
pair of first transistors in 10 accordance with a pul se output fromthe
first pulse generation circuit, and controls the base potential of a
transistor on the outflow side of the wite current in the pair of second
transistors in accordance with a pul se output fromthe second pul se
generation circuit. 15 8. A nethod of contjrolling a wite current supplied
to a head froma wite driver in accordance with wite data in a disk
storage apparatus in which witing of data onto a discoid recordi ng nmedi um

and readi ng of g@'c%rhrlﬂ EB%B?%%%B&E&%“%@ Rl J§¢ 20 out by the

head, the netho conprl i ng: neasuring the enV|ronnentaI tenperature of the

di sk storage apeagége%er%e@leoe%oblel il F%v%eaa@%tc%@rc%&tfllc&cfﬂguded in
the wite current supplied fromthe wite driver to the 25 head I'n

accordance wit htthA’fEa%HéQQc‘E@\fh%Q@&EBE/alcoh%%@.'l&h@f @he9 ovER@nRtthod
according to claim@8, further - 38 conprising reading a paraneter val ue

correspondi ng t eutenfeasurdd RRYieoBIRREak .t eMpakatitpe ovem@gor dance with
t he neasured environnental tenperature froma table storing a paraneter

val ue indbcati venablesaenhphcenengyvershbet redoreitg muaddeydaddcd Wi t h each
predeterm ned tenperature, wherein, in the controlling, the overshoot
current is conttael &dghnracooddagcdewstiityt Hé reekd dearsanmst) e nv d&hiee
corresponding to the neasured 10 environnmental tenperature. 10. The net hod
according to cl dbhrgenpgreferecspyirsnagntsequéhe 80Dy switching the
environmental tenperature of the apparatus in a plurality of stages 15 when
shi ppi ng the di sk st&eiGe SPFIFAIULSFEXINEANTES RE ATdCUSat e whil e

swi tching the overshoot %grrent at e?ch of the_sw tched t% eratures;
det ermi ni ng t he SOYEFABMCBVErs hEBPeLALIERS G be assured

10 controlling the overshoot current in accordance with
the temperature detected by the temperature sensor 10.
In order to achieve this, it is sufficient to use the
delay table having the delay time d which determines
the overshoot current quantity optimum for a prede-

15 termined temperature stored therein in accordance with
this predetermined temperature. In this embodiment,
this delay table 921 is stored in the FROM 92.

FIG. 12 shows a data structure example of this delay
table 921.

20 The control IC 9 (CPU 91 in the control IC 9)
reads from the delay table 921 information of the
delay time d corresponding to the temperature
indicated by the output voltage of the temperature
sensor 10 (namely, the temperature detected by the

25 temperature sensor 10). Here, in the information of
the delay time d stored in the delay table 921 in

accordance with each temperature, information of the



20 each of the tenperatures in accordance with a result of measuring the
error rate; and storing the paraneter val ue corresponding to the optinum
overshoot current for each of the tenperatures in the table. 25 11. The

met hod according to claim9, wherein a paraneter value indicative of the
opti mum overshoot current is stored in accordance with each zone - 39
partitioned by dividing a recording sucfaeg oL the recording mediumin the
radial direction at each predeternmined tenperature in the table; and in the
readi ng, a paraneter value corresponding 5 to the neasured environnent al

temperature andyihg, z00ge| 8 Wbt chebBRaNATLLS :ARSLELOERH L3 of BAGhr om the

table in accordance w envi ronnent tenperatute whi ch has been

measured and theszengsk8tWasChnEkngchgadetis tERpethoned. 140rE34, The met hod
according to claim1l, further conprising: sequentially switching the

environnental tgapefakyretof st pesappacatysabibpd Bl Yeahkturef tot 2agg when
shi ppi ng the di sk storage apparatus; 15 neasuring the error rate while

switching the overshmetieHr benthendactaor daneedwebhreapbnaiingheozones at
each of the switched tenperatures; determning the optinmum overshoot
current f®r eachbhzobewatr tanhtotempertéuper dour éhel nppecoddadte 20 with the
result of nmeasuring the error rate; and storing the paraneter val ue
correspondi ng t bemhersptreuninver shnperetinrenrafge éachWhichethe each of the
tenperatures in the table. 13. The nethod according to claim9, further 25
conprising: neadefepffedhtcrpPebprtiace By 16t iR EPRGeA2EUNRY TARPEE area which
is assured on the recordi ng nedi um . , )
indicated by temperature information stored in the
delay table 921. This structure is equivalent to the
10 structure using the delay table having a delay time
corresponding to a predetermined temperature range
stored therein in accordance with each predetermined
temperature range.
Additionally, the delay time d may be determined
15 based on linear interpolation by using the delay times
at the lower limit temperature and the upper limit
temperature in the temperature range in which the
detected temperature falls in accordance with the
following expression.
20 d= {(d2 - d1)T + (d1T2 - d2T1)} / (T2 - T1)
Here, T 1s the detected temperature, and Tl and T2
are the lower limit temperature and the upper limit
temperature in a temperature range in which the
detected temperature T falls, respectively. Further,
25 dl and d2 are delay times which give the optimum

overshoot current at the lower limit temperature T1

and the upper limit temperature T2. The control IC 9



- 40 and to which a user cannot have access, the error rate being neasured
“whil'e switching the overshoot current; determ ning the optimm overshoot
current at the environnmental tenperature of the disk storage 5 apparatus at
that nmonment in accordance with the result of neasuring the error rated and
storing the paraneter val ue corresponding to the determ ned opti num
overshoot current in the table in associabhon-with the environnental
tenperature of the 10 di sk storage apparatus at that nonment. 14. The net hod
according to claim8, wherein the disk includes two recording surfaces; a

pai r of heads i 9gtughided henbeads a e 2hEangedn! nacearaanse Ul Bropgeand

the other one o e two 15 recording surfaces, respectively; wite

current is supphiedy ff@ﬁétaeréaatersﬁlgﬁé H@léyhﬁégléebgqteQnHrQEtEhe pai r
of heads in accordance with wite data. 15. The net hod accordlng to claim

14, further 20 e¢paPaLShRILSMELT A9 B1Vahyepof 1hh€h¥éﬁ bhe-gHbrert reuppki ed
fronlthe wite driver to the selected head i n accordance with the neasured

envi ronnment al teppesagureyand the sehacted7head, wherein, in the
controlling, the overshoot 25 current included in the wite current
supplied Sromthe w Deecdipteéont @iliensel et gdvkeadsi $ocprorelslsedg o
accordance with the neasured environnental tenperature - 41 and the

sel ected head. @¢bBtaThethet bptimgwoedenghvotcturneds, ahdr sherecodhpihsi ng
readi ng paraneter values indicative of the optinumwite current and the
over shoot currehbGSd@éﬁVe§Bbh§|ﬂ%lténtﬁélﬁeagbpééméﬁvlWéﬁheﬁ?é?r?éﬁﬁerature
and the selected head, in accordance _wth measur ed environnenta

t enper at ure and PhEh§ef%€V€HaﬁEa8f FF@W]éltabWEe§t5PFﬁﬁlﬁgr§ﬁ€tEPDvaIues
i ndi cative of thg gt mmwife current %
shown in . 1, an operator sequentlally switches

10 and sets the environmental temperature T of the HDD
in a plurality of stages. The operator inputs
commands to direct optimization and storage of the
delay times d relative to the set temperature T from
a non-illustrated host (host system) to the control

15 IC 9 of the HDD shown in FIG. 1. This series of
operations can be automated.

The control IC 9 starts processing according to
the flowchart of FIG. 11 in response to the commands.
The control IC 9 first sets the delay times

20 corresponding to a predetermined lowest overshoot
current as D1 and D2 in the one-shot circuits 73X and
73Y in the head IC 7 (step S1). The control IC 9
writes test data to all tracks or a plurality of
predetermined tracks on a corresponding recording

25 surface of the recording medium 1 by the head 2 in
this state (step S2a). Then, the control IC 9

measures the error rate in the HDD (step S2b).



10 overshoot current in accordance with each predeterm ned tenperature and
" each head, wherein, in the setting, a value of the wite current is set in
accordance with the read paraneter values and 15 in the controlling, the
overshoot current is controlled in accordance with the read paraneter val ue
of the optinum overshoot current. 17. The nmet hod according to claim 16,
further conprising: 20 sequentially sw.tchiong_the environnental tenperature
of the apparatus in a plurality of stages when shipping the disk storage
apparatus neasuring a first error rate while switching the wite current in

accor dance WithTﬁi‘g{‘e??o&h‘Efx?gaﬂéa@hgéﬁgﬁcEaﬁf 8%“?%"1“&%%@5%& ?@Bﬁrﬁﬁgure S

determ ning the optimumwite curren eac eac f the

temperatures | nggaeeordaneen op $Re VebB IR ARMilnOh TRASKELNGoBNE ! | st

error rate; nmeasuring a second error rate ile swtching t over shoot

current for eachegtokh@nheadanat og@ain@ht _laeﬁteg@aﬁrtatg@r 8% W klcihe optimum
wite current determned 5 in accordance wth that tenperature and that

head bei ng set; wdetRr mMeaHBOtbhe eptdmamreyer shoot current for each of the
heads at each of the tenperatures in accordance with the result of

nmeasuri ngst he secondThe evhatolall€; Sarcdstesr iWhg tharamdleeertalrueate
corresponding to the optimumwite current and the opti num overshoot
current for eacheaburbmehtadssafteashlafrgelre thenper aredesermitlkee t abl e. 15
18. The met hod according to claim16, wherein the paraneter val ues
i ndi cative of thefepehmenmenipterater dhrastotllkle vedareshdstepubBent are
stored in accordance with each head at each predeterm ned tenperature and
in accordance witfhtbBgcpr¥grerate measurement result is larger than
the reference error rate, the control IC 9 determines
10 that the overwrite characteristic is insufficient.
In this case, the control IC 9 increases the delay
time for only a corresponding time in order to
increase the overshoot current by a fixed quantity
(one stage) (step S4). In this state, the control IC
15 9 again measures the error rate (steps S2a and S2b).
On the other than, if the error rate measurement
result does not exceed the reference error rate, the
control IC 9 determines that the delay time d at that
moment is the optimum delay time d which gives the
20 optimum overshoot current value at the presently set
temperature T. In this case, the control IC 9 stores
entry information including a pair of information of
the temperature T and information of the delay time d
in the delay table 921 having the data structure
25 depicted in FIG. 12 (step S5). The control IC 9
brings the delay table 921 to completion by repeatedly

executing the above-described processing in accordance



20 partitioned by dividing the recording surface of the recording nmediumin
the radial direction in the table; and in the reading, a paraneter val ue
corresponding to the neasured environnental tenperature, the 25 sel ected
head and the zone in which the selected head is positioned is read fromthe
table in accordance with the nmeasured tenperature, the selected head and

- 43 the zone in which the head is positixgned. 19. The nethod according to
claim 18, further conprising: sequentially switching the environnmental 5
tenperature of the apparatus in a plurality of stages when shipping the

di sk storage ap tus; L L3r rate while switching the
write current fg?Egagacgpﬁ?Egéﬁgg gn%P z%gﬁ%%%EFﬁg'smﬁtched tenperatures in
accordance W th each (gf (henb@12aRes idetierm ning the optimumwite current
for each of the heads at each of the tenperatures in accordance with each

of the zones in respanserke L@ ireslitl odf Jreasld istbddigdnt’ Herd@ng ate 15
measuring a second error rate while switching the overshoot current for

each of the heads @heepeBsehtt havewttiehedilempeabier eesicrideeqr dance with
each of the zones with the optimumwite current determ ned in accordance

wi th thatstenperat uae, behakpbeaddantiathahe2@veene itel nhaseict etteiserin ni ng

t he opti mum overshoot current for each of the heads at each of the

t enper at ur es i naadcthda”hf8 whbhaecdehisfticheuzbnes ishomwasponddGt.o4t he resul t
of neasuring the second error rates and 25 storing paraneter val ues
correspondi ng t bechmeophparteries icgr hewingnd reegudpiilimimsodaes oot

current for each of the heads at each of the , ,
the characteristics of the recording medium 1 and the

head 2. For example, like this embodiment, when the

10 head 2 is arranged on each of the recording surfaces
of the recording medium 1, the saturation current of
the overwrite characteristic may possibly vary
depending on each head 2 due to irregularities of
the force maintaining the magnetized state of each

15 recording surface of the recording medium 1.
Furthermore, it can be expected that the ATE
characteristic may deteriorate with the low write
current depending on irregularities of the track width
{head width) of each head 2. Therefore, it is

20 possible to cope with an HDD having large irregulari-
ties of the characteristics of the recording medium 1
and each head 2 by optimizing the write current
itself. 1In this case, it is sufficient to form the
delay table 921 as shown in FIG. 14. That is, the

25 optimum delay time d and the write current Iw are
determined in accordance with each temperature T

for each head 2 (head H) and stored in the delay



44 tenperatures in accordance with each of the zones in the table.
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predetermined continuous tracks on a corresponding
recording surface of the recording medium 1 by the
head 2 (step S12). Subsequently, the control IC 9
measures the error rate (step S13). This error rate

5 measurement in step S13 can be realized by reading the
data written to the recording medium 1 in step S12 in
sector units and obtaining a percentage of a sector
which results in an error. The control IC 9 stores
the measured error rate at address I of the RAM 93

10 (step S14).

Meanwhile, an area of the recording medium 1 to
which data is written in step S13 is divided in the
radial direction of the recording medium in track
units set consisting of three continuous tracks, and

15 managed. The control IC 9 writes second test data to
two tracks except a track at the center, namely, two
tracks adjacent to the center track in accordance with
the track set (step S15). The control IC 9 executes
this writing to tracks adjacent to the center track

20 with respect to each of a plurality of track sets.

Then, the control IC 9 reads data from each
center track in units of a sector with respect to each
of a plurality of the track sets, and obtains the
error rate (step S16). The first test data is written

25 to the center track in each track set in step Sl2.
If the center track is adversely affected by the

magnetic leakage flux in writing of the second test
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data to the tracks adjacent to the center track, the
error rate obtained in step S16 is larger than the
error rate acquired in step S13.
Thus, the control IC 9 judges whether the error
5 rate obtained in step S16 (which will be referred to
as the first error rate hereinafter) is larger than
the error rate stored at address I in the RAM 93
(which will be referred to as the second error rate
hereinafter) (step S17). 1If the first error rate does
10 not exceed the second error rate, the control IC 9
determines that there is no influence of the magnetic
leakage flux. In this case, the control IC 9 sets the
write current Iw to a value which 1s increased by one
stage (for example, 2 mA) (step S18). In this state,
15 the control IC 9 again executes steps S12 to S17.
Conversely, if the first error rate exceeds the
second error rate, the control IC 2 determines that
there is a harmful effect of the magnetic leakage
flux. 1In this case, the control IC 9 sets the write
20 current Iw to a value which is decreased by one stage
(2 mA) (step S19). The value of the write current Iw
set in step S19 corresponds to a write current optimum
at the currently set temperature T and to the head 2
(HO) currently selected.
25 Upon executing step S19, the control IC 9 carries
out processing (steps S20 to S23) corresponding to

steps S1 to S4 in the flowchart of FIG. 11, and
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stores entry information including a set of the head
number of the head 2, information of the temperature
5 T, information of the delay time d and information of
the write current Iw in the delay table 921 having the
data structure shown in FIG. 14 (step S24).
[Second Modification]
A second modification of the embodiment according
10 to the present invention will now be described.
FIG. 15 shows an overwrite characteristic 151 and
an ATE characteristic 152 at an outer position on
the recording medium 1. FIG. 16 shows an overwrite
characteristic 161 and an ATE characteristic 162 at
15 an intermediate position on the recording medium 1.
FIG. 17 shows an overwrite characteristic 171 and
an ATE characteristic 172 at an inner position on the
recording medium 1. As apparent from FIGS. 15 to 17,
the ATE characteristic varies depending on the
20 position on the recording medium 1 in the radial
direction. That is, the degree of influence of the
magnetic leakage flux on adjacent tracks varies
depending on the position on the recording medium 1 in
the radial direction. Therefore, it can be expected
25 that the optimum write current and the optimum
overshoot current (delay time) also vary in accordance

with each position on the recording medium 1 in the
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current and the overshoot current (delay time) in

accordance with each position on the recording medium
5 1 in the radial direction. Specifically, as shown

in FIG. 18, it is sufficient to divide an area 100

on a recoding surface of the recording medium 1 into

a plurality of zones in the radial direction and

manage them, and further optimize the write current

10 and the overshoot current (delay time) in accordance
with each zone. Here, the area 100 is divided into,
e.g., three zones 21, 722 and Z3 and managed.
Procedures shown in the flowchart of FIG. 13 can be
utilized for optimization. FIG. 19 shows a data

15 structure example of the delay table 921 in this case.
It is to be noted the stabilized performances can be
assured by effecting optimization in accordance with
each position on the recording medium 1 in the radial
direction with respect to each head.

20 In all of this embodiment and the first and
second modifications of this embodiment, the optimum
overshoot current (delay time) is set in accordance
with each temperature when shipping the HDD. However,
the optimum overshoot current (delay time) can be set

25 even after shipment. 1In order to set this current,
assuring a dummy write area, to which a user cannot

have access, on a recording surface of the recording
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write area as a target in accordance with the
flowchart of FIG. 13. It is sufficient for this
10 setting processing to be automatically executed by
the control IC 9 when the temperature detected by the
temperature sensor 10 deviates from the temperature
range indicated by temperature information stored in
the delay table 921, for example. In order to achieve
15 this, it is sufficient that the control IC 9
periodically monitors the temperature detected by the
temperature sensor 10, for example.
[Third Modification]
A third modification of this embodiment according
20 to the present invention will now be described.
FIG. 20 shows an output voltage characteristic of the
temperature sensor 10 in a temperature range (for
example, 0°C to 60°C) which guarantees the operation of
the HDD. As shown in this drawing, the output voltage
25 of the temperature sensor 10 applied in this
embodiment linearly varies with respect to the

temperature at least in the temperature range which
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temperature (environmental temperature of the HDD) in
the temperature range guaranteeing the operation of
5 the HDD and the optimum delay time (optimum overshoot
current) relative to the temperature. As shown in the
drawing, the optimum delay time (optimum overshoot
current) varies linearly with respect to the environ-
mental temperature of the HDD in the temperature range
10 guaranteeing the operation of the HDD.

When the temperature sensor 10 having the
characteristic shown in FIG. 20 is used, the optimum
delay time (overshoot current) varies linearly with
respect to the output voltage of the temperature

15 sensor 10 as apparent from FIG. 21. Therefore, it is
sufficient to linearly change the optimum delay
time which gives the optimum overshoot current in
accordance with the output voltage of the temperature
sensor 10. By doing so, the optimum overshoot current

20 can be dynamically set in accordance with the
environmental temperature at that moment when the HDD
shown in FIG. 1 is used.

A characteristic of the third modification lies
in that the optimum overshoot current (delay time) is

25 dynamically set in accordance with the environmental
temperature at that moment when the HDD shown in

FIG. 1 is used. FIG. 22 shows a structure of the
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the third modification. It is to be noted that like
reference numerals denote parts equivalent to those in
5 FIG. 5. The structure of FIG. 22 is different from
that of FIG. 5 in that one-shot circuits 730X and
730Y are used in place of the one-shot circuits 73X
and 73Y. The one-shot circuits 730X and 730Y,
respectively, output signals DX and DY each consisting
10 of a string of pulses which become high only for a
fixed time after times D1 and D2 (D2 = D1) which are
in proportion to the output voltage of the temperature
sensor 10 (temperature T indicated by the output
voltage) every time the signals WX and WY change their
15 states from low to high. As a result, the optimum
delay time is dynamically set in accordance with the
environmental temperature of the HDD. Therefore, in
the third modification, the optimum overshoot current
can be automatically set without control by the
20 control IC 9 and without preparing the delay
table 921.

In the foregoing embodiments according to the
present invention, a hard disk drive is used as the
disk storage apparatus. However, the present

25 invention can use a general disk storage apparatus
such as an optical disk drive or a magneto-optical

disk drive.



10** 10** 10%*!°. 11006 *& ()-:1". 1 10%*& ()-:" #F"10%& () -

"I enmj nnnko} A<r S40! L+M 109%&'’ () Y F109%& ()-L!10% .

& ()-fILI109%& ()-fal 109%& ()-lxa!10@b,&f()-kooNquqqqqmn[NMO!L+N110 10 10
100 L' 1109%& ()-!L ' 1109%& ()-!'L ' 109%& ()-!L+M 10%00& () - qq

rrrss”"?Ma0! L1 109& ()--!L! 10%&' ()--p! 109%& ()-!ip! 109%& ()-F

" 109%& () - SSMLOY%& () -sttuuuv}A<MA0! . Y" 109&3£)-LLx' ! 10%& ()-n!Lx' ! 10%& ()-n<
%O0%R ()-"Y!'10%& ()- @ Y!' 109%& () - @WWXwywZwaww3xr P10s™ ! 109&' ()-y!|s ! 10900
& ()-y!'s 1109928 ()-yS mOo%& ()- 10 10

T F7100@ ()L ﬁ%y?%?%ﬁsﬁc}db ARSI ot R e (7 loee dok

"1ov: () - Loar 10584 J%}fﬁéf 550 R ek 1) WL AT S 10

S 1096 sy | i |
a7 O, ek 408 g S 0

f410%& ()-Y sGl@%& (s E@%&détaim%ithuyiéyeé@h@%ﬂﬁvé mfd & ) - |
Q}N?rs40l F Fz109%&' () -sf 109%& ()-1 109K () -1
5 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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4. The disk storage apparatus according to
claim 2, wherein the write driver includes:
a current source which generates the write
10 current; and
a bridge circuit containing a pair of first
transistors and a pailr of second transistors, the pair
of first transistors supplying the write current
generated by the current source to the head in a first
15 direction in accordance with a first control signal
corresponding to the write data, the pair of second
transistors supplying the write current generated by
the current source to the head in a second direction
opposite to the first direction in accordance with a
20 second control signal corresponding to the write data,
wherein the overshoot controller controls the
overshoot current by controlling the base potential of
a transistor on the outflow side of the write current
in the pair of first transistors and the base
25 potential of a transistor on the outflow side of

the write current in the pair of second transistors.

5. The disk storage apparatus according to
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claim 4, further comprising:
a first pulse generation circuit which generates
a first pulse after elapse of a set delay time and
outputs it to the overshoot controller every time the
5 first control signal changes its state from a first
logic state to a second logic state, and whose delay
time can be varied; and
a second pulse generation circuit which generates
a second pulse after elapse of a set delay time and
10 outputs it to the overshoot controller every time the
second control signal changes its state from the first
logic state to the second logic state, and whose delay
time can be varied,
wherein the main controller sets in the first
15 and second pulse generation circuits a delay time
determined by the parameter value corresponding to the
temperature detected by the temperature sensor; and
the overshoot controller controls the base
potential of the transistor on the outflow side of
20 the write current in the pair of first transistors in
accordance with a pulse output from the first pulse
generation circuit, and controls the base potential
of the transistor on the outflow side of the write
current in the pair of second transistors in
25 accordance with a pulse output from the second pulse
generation circuit.

6. The disk storage apparatus according to
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claim 1, wherein the write driver includes:
a current source which generates the write
current; and
a bridge circuit containing a pair of first
5 transistors and a pair of second transistors, the pair
of first transistors supplying the write current
generated by the current source to the head in a first
direction in accordance with a first control signal
corresponding to write data, the pair of second
10 transistors supplying the write current generated by
the current source to the head in a second direction
opposite to the first direction in accordance with a
second control signal corresponding to the write data,
wherein the controller controls the overshoot
15 current by controlling the base potential of a
transistor on the outflow side of the current in the
pair of first transistors and the base potential of
a transistor on the outflow side of the write current
in the pair of second transistors.
20 7. The disk storage apparatus according to
claim 6, further comprising:
a first pulse generation circuit which generates
a first pulse after elapse of a set delay time and
outputs it to the controller every time the first
25 control signal changes its state from a first logic
state to a second logic state, and whose delay time

can be varied; and
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a second pulse generation circuit which generates
a second pulse after elapse of a set delay time and
supplies it to the controller every time the second
control signal changes its state from the first logic
5 state to the second logic state, and whose delay time
can be varied,
wherein the controller controls the base
potential of a transistor on the outflow side of the
write current in the pair of first transistors in
10 accordance with a pulse output from the first pulse
generation circuit, and controls the base potential of
a transistor on the outflow side of the write current
in the pair of second transistors in accordance with a
pulse output from the second pulse generation circuit.
15 8. A method of controlling a write current
supplied to a head from a write driver in accordance
with write data in a disk storage apparatus in which
writing of data onto a discoid recording medium and
reading of data from the recording medium are carried
20 out by the head, the method comprising:
measuring the environmental temperature of the
disk storage apparatus; and
controlling an overshoot current included in the
write current supplied from the write driver to the
25 head in accordance with the measured environmental

temperature.

9. The method according to claim 8, further
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comprising reading a parameter value corresponding to
the measured environmental temperature in accordance
with the measured environmental temperature from
a table storing a parameter value indicative of
5 an optimum overshoot current in accordance with each
predetermined temperature,
wherein, in the controlling, the overshoot
current is controlled in accordance with the read
parameter value corresponding to the measured
10 environmental temperature.
10. The method according to claim 9, further
comprising:
sequentially switching the environmental
temperature of the apparatus in a plurality of stages
15 when shipping the disk storage apparatus;
measuring the error rate while switching
the overshoot current at each of the switched
temperatures;
determining the optimum overshoot current for
20 each of the temperatures in accordance with a result
of measuring the error rate; and
storing the parameter value corresponding to the
optimum overshoot current for each of the temperatures
in the table.
25 11. The method according to claim 9, wherein
a parameter value indicative of the optimum overshoot

current is stored in accordance with each zone
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partitioned by dividing a recording surface of the
recording medium in the radial direction at each
predetermined temperature in the table; and
in the reading, a parameter value corresponding
5 to the measured environmental temperature and the zone
in which the head is positioned is read from the table
in accordance with the environmental temperature which
has been measured and the zone in which the head is
positioned.
10 12. The method according to claim 11, further
comprising:
sequentially switching the environmental
temperature of the apparatus in a plurality of stages
when shipping the disk storage apparatus;
15 measuring the error rate while switching the
overshoot current in accordance with each of the zones
at each of the switched temperatures;
determining the optimum overshoot current for
each zone at each of the temperatures in accordance
20 with the result of measuring the error rate; and
storing the parameter value corresponding to
the optimum overshoot current for each zone at each of
the temperatures in the table.
13. The method according to claim 9, further
25 comprising:
measuring the error rate by utilizing a dunmy

write area which is assured on the recording medium
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and to which a user cannot have access, the error rate
being measured while switching the overshoot current;
determining the optimum overshoot current at
the environmental temperature of the disk storage
5 apparatus at that moment in accordance with the result
of measuring the error rate; and
storing the parameter value corresponding to the
determined optimum overshoot current in the table in
association with the environmental temperature of the
10 disk storage apparatus at that moment.
14. The method according to claim 8, wherein the
disk includes two recording surfaces;
a pair of heads including the head are arranged
in accordance with one and the other one of the two
15 recording surfaces, respectively; and
the write current is supplied from the write
driver to a head selected from the pair of heads in
accordance with write data.
15. The method according to claim 14, further
20 comprising setting a value of the write current
supplied from the write driver to the selected head in
accordance with the measured environmental temperature
and the selected head,
wherein, in the controlling, the overshoot
25 current included in the write current supplied from
the write driver to the selected head is controlled in

accordance with the measured environmental temperature
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and the selected head.

16. The method according to claim 15, further
comprising reading parameter values indicative of
the optimum write current and the overshoot current

5 corresponding to the measured environmental
temperature and the selected head, in accordance
with the measured environmental temperature and the
selected head, from a table storing parameter values
indicative of the optimum write current and the

10 overshoot current in accordance with each
predetermined temperature and each head,

wherein, in the setting, a value of the write
current is set in accordance with the read parameter
values; and

15 in the controlling, the overshoot current is
controlled in accordance with the read parameter value
of the optimum overshoot current.

17. The method according to claim 16, further
comprising:

20 sequentially switching the environmental
temperature of the apparatus in a plurality of stages
when shipping the disk storage apparatus;

measuring a first error rate while switching the
write current in accordance with each of the heads at

25 each of the switched temperatures;

determining the optimum write current for each of

the heads at each of the temperatures in accordance



- 10%& ()-1 810%& ()-s610%& ()-1 410%& ()-Y 210%& ()-1 0109%&' ()-!XxY:/ 103@
10%9& ()- s1l0%& ()- s1l0%& ()-1 10%& ()- 10%& ()-ml0%& ()- 10- sdE:/
103 Y10%& ()- 10%& ()- 310%& ()- 10%& ()- 110%& ()- yl0%& ()-JDAE:/
103L- " '10%& ()- %A 0%& ()-#- 10%& ()- "z10%& ()- @ 10%& () -
©z10%&' ()-D{JdE:/ 103 8310% & ()-6!10%& ()- 410%& ()- 2yl1l0%& () -
110%& ()- .,/ MO0%& ()-JbC 10 Y 10%& () - X}O@@&T()- 10%& () - nl0%& () -
10g 10g 10g

with the result of measuring the first error rate;
measuring a second error rate while switching the
overshoot current for each of the heads at each of the
temperatures with the optimum write current determined
5 in accordance with that temperature and that head
being set;
determining the optimum overshoot current for
each of the heads at each of the temperatures in
accordance with the result of measuring the second
10 error rate; and
storing parameter values corresponding to the
optimum write current and the optimum overshoot
current for each of the heads at each of the
temperatures in the table.
15 18. The method according to claim 16, wherein
the parameter values indicative of the optimum write
current and the overshoot current are stored in
accordance with each head at each predetermined
temperature and in accordance with each zone
20 partitioned by dividing the recording surface of the
recording medium in the radial direction in the table;
and
in the reading, a parameter value corresponding
to the measured environmental temperature, the
25 selected head and the zone in which the selected head

is positioned is read from the table in accordance

with the measured temperature, the selected head and
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19. The method according to claim 18, further
comprising:
sequentially switching the environmental
5 temperature of the apparatus in a plurality of stages
when shipping the disk storage apparatus;
measuring a first error rate while switching the
write current for each of the heads at each of the
switched temperatures in accordance with each of the

10 zones;

determining the optimum write current for each of
the heads at each of the temperatures in accordance
with each of the zones in response to the result of
measuring the first error rate;

15 measuring a second error rate while switching the
overshoot current for each of the heads at each of the
switched temperatures in accordance with each of the
zones with the optimum write current determined in
accordance with that temperature, that head and that

20 zone being set;

determining the optimum overshoot current for
each of the heads at each of the temperatures in
accordance with each of the zones in response to the
result of measuring the second error rate; and

25 storing parameter values corresponding to the
optimum write current and the optimum overshoot

current for each of the heads at each of the
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