2 7 SEP 2006 I1ITETEILITITITLITITT] *166166* -1 TITLE OF THE | NVENTI ON
APPARATUS -ANDMETHOD-FOR CONTRCOLLI NG WRI TE CURRENT  SUPPLI ED TO biAGep 9ggg
BACKGROUND OF THE | NVENTION 5 The present invention relates to a dis

stbragelWﬂme mmummin which data is witten onto a discoid recording
medi um ol I sk mediun) and data is read fromthe recordi ng nmedi um

by a head.,«édee particularly, the presebt +nvention relates to an 10
apparatus and nethod for controlling a wite current supplied to a head in
accordance with wite data. A hard disk drive is known as typified by a

di sk storage apparatus using 'TdTdES IO diEk Ie@NTIONS a recordi ng nedi um
The wite characteristic of this 15 hard disk drive depends on the
recordi ng densRAPPARRIUS AXANMEZHODh&EOR SONTROLLING WRITE CURBENAt ure and
the like in the environnent in which an apparatus is used. Thus, Jpn.

. Pat. Appln. KOREPPRJIED &t HEADNo. 10-312504 discloses a technique to
assure a recording density 20 margin (TPl margin) and a tenperature nmargin
in a hard disk drive. AccorBRGEGROUNR| @Ft BERNINVENTRENch will be referred
to as the prior art hereinafter), obtaining a lower limt value of a wite
current °relative t FReh@PrESHREr dNWeR tianyine saFupp &gk moragesal ue of

the wite current relative to . the TPI rgi can set an goptimumwite
current mﬁthou?ppéﬁéFPﬁgin W ic% data q% %fltten onto a df%coid

recording medium (namely, a disk medium) and data
is read from the recording medium by a head.  More
particularly, the present invention relates to an
10 apparatus and method for controlling a write current
supplied to a head in accordance with write data.
A hard disk drive is known as typified by a disk
storage apparatus using a disk (disk medium) as
a recording medium. The write characteristic of this
15 hard disk drive depends on the recording density (for
example, the 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 wvalue 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
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characteristics of both margins. That is, the prior [ITIITEITEETTETTETTTT]
*@00002* 2 7 SEP 2006 - 2 art is characterized in that the vwiffas%prm@pt
is .optimzed by focusing on both the TPl margin and the tenperature
mar gi n. However, when an increase in the recording 5 density of the disk
(recordi ng nedi un) advances, the influence of the nmagnetic | eakage fl ux
fromthe . head on an adjacent track Becames |arge. Therefore, it can be
expected that the upper limt value of the wite current relative to the
TPl margin becones |lower 10 than the lower Iimt value of the wite current

relative hoct e LAGROLAIG BTG hndd) 1) S,£858 cuBRLA MLOI NS are hard (o

be assured in the prior art. Further, degradation O lIsecording quality

|n a | ow: bpnanakd SyeRIAMIIRNoN N the Bt B SYMPRILCR THE | NVENTI ON
According to one aspect of this invention, there s provided a .disk

storage apher aenpeaatteld ned-dih.claim1l of the appended clainms. 20
According to another aspect of this invention, there is provided a disk

storage appar aHoslevas,defliatechn Nt péas&. inAEREr dbBErkeng further aspect of
this invention, there is provided a nethod as defined in”claim3. According
to yet andeheitygspdctthel ditsk s(devwerdimg me@bum) advarices,

tﬁe influence of the magnetié leakage flux from the

.head on an.adﬁacent track becomes lArgé. Therefore,

it can be_expected that the upper limit value 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 rgargi.r.ls 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 one aspect of this invention, there is
_provided a .disk storage épparatus as defined in claim 1 of
the appended claims.

20' According to another aspect of this invention, there

is provided a disk storage apparatus as defined in claiﬁ 2.
According to a further aspect of this invention, there
is provided a method as'defineq in claim 3.
Acdording to yet another aspect of this invention,
25

there is provided a method as defined in claim 4.



there is provided a nethod as defined in claim4. 2 7 SEP 2006 3 BRIEF
DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG The acconpanyingzﬁrgyizmg,
whi ch are incorporated in and constitute a part of the specification,
illustrate enbodi ments of the invention, and together wth the general
description given above and the detailed description of the enbodi nents
given below, serve to explain the principges of the invention. FIG 1 is a
bl ock di agram showi ng a structure of 10 a hard disk drive according to an
enbodi nent of the present invention; FIG 2 is a view showi ng an overwite
characteristic:and an ATE characteristic when a wite current is changed.
in the state that overshoot control 15 relative to the wite current is not
applied; FIG BRIZFaDESORIFTOGN@QFAITHE SEVERA, VIEWRAGE TS inRawiy@n ATE
characteristic when the wite current is changed under a | owtenperature
condition in the stédfketdecompanygingtdranings, rehbthver@0iheotperatéde
current is not applied;, FIG 4 .s a view show ng an overwite character- .
i stic and.- an AT @Rt LAnshikivke viharrrtheofrthe specifitcatsomhanged under a
IOMFteanJature,condition with a high track density in the state that
over shoot® 25 comtrHitradiegmrednenies \@f tehe uireertien noandppdgether FIG 5
s a viem/shomﬁnq:a %{ructure of acperi hery of a wite driver 71 having a
cireuit with the general description’given above and the
' detailed description of the embodiments given below,
serve to explain the principles of the invention.
FIG. 1 is a block diagram showihg 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 charactéristic 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



2 7 SEP 2006 4 which controls an overshoot current added thereto in a
head 1C 7 depicted in FIG 1; FIGS. 6A to 6E are signal waveformcharts for
‘illustrating control over the overshoot current in 5 the enbodi mentsgpFHgfsS.
7A, 7B, 8A and 8B are views showing results of nmeasuring the wite current
by changing a delay tinme in a wite driver 71 having an overshoot
controller 72 depicted in FIG 5 added-thdreto; 10 FIGS. 9A, 9B, 10A and
10B are views showing the overwite characteristic and the ATE
characteristic when overshoot control is applied in the hard disk drive

depi cted in Fl @hikthingertidies s iarisct Wherrand dddek daswddy as those
in the exanple illustrated 15 in FIG 4; FIG 11 is a flowhart for
illustrating prdcessilty T dahicied am @G mam over shoot current and store
it in a delay table 921 in the enbodinent; FIG 12 is a view show ng a data
structure 20 exanplBIGH. tte tel Gy aodl 2i@2d] appve Borm nchdet s efdmodi nent
FIG 13 is a flowhart for illustrating processing to obtain an optinmm
del ay tinme and.iMisteatdng gantenl axsr tdmparenshoat tdurmsspecint o each

head 25 and store themin the delay table 921 in a first nodification of
t he enbo nenche embodiment;

FIGS. 7A, 7B, 8A and 8B are views showing results
of measuring the write current by changing a delay
time in a write driver 71 having an overshoot
controller 72 depicted in FIG. 5 added thereto;

10 FIGS. 9A, 9B, 10A and 10B are views showing the
'0verwrite_charactériétic and the ATE characteristic
when overshoot control 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 fable 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



FIG 14 is a view showing a data structure 2 7 SEP 2006 5 exanple of the
delay table 921 applied in the first nodification; FIG 15 is a Vi?V’SEP 2006
showi ng the overwite characteristic and the ATE characteristic at an

outer 5 position on a recording nediuml1; FIG 16 is a view showi ng the
overwite characteristic and the ATE characteristic at an internedi ate
position on the recording nmedium11l; FG517-is a view show ng the

overwite 10 characteristic and the ATE characteristic at an inner

position on the recording nediuml1; FIG 18 is a view for illustrating a

zone on the regangilegorfedhemdklwy ehan dra %@Fmietd f19f tQRd il Eng  the
wite current and the overshoot current (delay 15 tine) in a second
nodi fication imoti€ieattddnnent; FIG 19 is a view showing a data structure
exanpl e of the delay. table 921 applied in the second nodification; FIG
20 is a view show n@'lén duit pist avotitergeshitvicharidod evertwiited a tenperature
sensor 10 relative to a tenperature; FIG 21 is a view show ng a
rel ati onshi p bebagestesisdigeeadutdeaddFarcheptEahenicaiay dti ran (captteirmum
overshoot. current) relative to the tenperature; and 25 FIG 22 is a view
showi ng @ strubPgiéien §n geregadingt medim &:driver 71 having a circuit
whi ch
FIG. 16 is a view showing the overwrite
characteristic and the ATE characteristic at
an intermediate position on the recording medium 1;
FIG. 17 is a view showing the overwrite
10 characteristic and the ATE characteristic at an inner
position on the recording medium 1;
FIG. 18 is a view for illustrating a zone on the
recording medium 1 which can be an unit for optimizing
the write current and the overshoot current (delay
15 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



controls the overshoot current added thereto which is 2 7 SEP 2006 - 6
applied in a third nodification of the enbodi nent. DETAILED DESCRkPTE&\I@E
THE INVENTION FIG 1 is a block diagram showi ng a structure of dr 8t
drive according to an enbodi.-nent of the 5 present invention. In the hard

di sk drive (which will be referred to as an HDD hereinafter) shown in FIG
1, a discoid recording nedium (magneti-c @& sk) 1 has upper and |ower disk
sides. At |east one disk side of the two disk sides of the recording
medium 1, for exanple, 10 both disk sides formrecordi ng surfaces on which

data is magnetdppilied riacar deth rd\ heddt { eeieh | 6f hepd) embbSimnf anged in
accordance with each recording surface of the recording nmedium1l. The head

2 is used for data wi DETQICET DOSORIELIOY ORI MVEerol ng medium 1 15
and data reading (data reproduction) fromthe recording nmedium11. This
head 2 is a conposi tBl®eal isoasblockedibyram. ghowingeadstbeadtand afwite
head (inductive head). The read head is constituted by an M
( Magnet o- Resi std \greé|difgntdr ivel a¢eonding teaan | emldod toemst i ¢ fit Ede by an
inductive thin-filmelenment.: It is to be noted that the HDD including a
singl e re&cordi MFestt UhvenkiceRsunkr the thrrdtdisk Wdeivepiwhikch iwirl G 1
but it may be an HDD in ich a plurality of recording nediuns 1 are
stacked. 25 Theé*§ FIFERA neli 3% A0 KPP hexeinatter hrshomrdin BHIG. shindl e
notor (which will,be r.eéerredéo as . . ,

a discoid recording medium (magnetic disk) 1 has upper

and lower disk sides. At least one disk side of the

two disk sides of the recording medium 1, for example,

10 both disk sides form recording surfaces on which data
is magnetically recorded. A head (magnetic head) 2 is
arranged in accordance with each recording surface of

the recording medium 1. The head 2 is used for data
writing (data recording) onto the recording medium 1

15 and data reading (data reproduction) from the
recording medium 1. This head 2 is a composite head
constituted by, e.g., a read head and a write head
(inductive head). The read head is constituted by an
MR (Magneto-Resistive) element, and the write head is

20  constituted by an inductive thin-film element. It 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 reéording 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



an SPM hereinafter) 3. The head 2 is attached at 2 7 SEP 2006 7 . an end
of an actuator (carriage) 4. The head 12 noves in the radial direction of
the recording medium1l in accordance with swi veling of the actuny SER2008\S
a.result, the head 2 is positioned on a target track.. 5 The actuator 4
has a voice coil motor (which will be referred to as a VCM herei nafter) 5
whi ch can be a drive source of the actuatd@dr- 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 Crcuit) 6. The

notor driver |8 @nids of nni @ictiiaiterr (ealrdizesk)ast @ CiHd rvHd 1C0REvddit es an
SPM driver and a VCM driver. A value (control quantity) used to determ ne
the driving curmetthesupuliisdd direnttion rft whariemrdiad naiieach kb of the
SPM 3 and the VCM 5 is determned by a CPU 91 in a control IC 9. The head
2 is connect ed aceoxdedame WIth swiveldag dfCthed rcdtusesom ani thes driver 71

whi ch converts wite data into a wite current and a read anplifier (not

20 shown) whi cFesipitifitde thead @adssmfﬁdltmémﬂ 9N teheargedd tacke head | C
23 is connected to a read/wite C (read/wite channel) 8. The read/wite

IC 8 ex&cutes \}/‘ﬁr AGtdakar 4 @@ss@gﬂé’llcﬁr %lwoﬁhﬁ@lcﬂl giidll meocessing
i ncl udes A/D (an /djgita onver si on roceSS|ng relatlve to the read
signal, proces§itfh é%téi gﬁ’ @(f)eavw%cgje “é‘rﬁp i tG@n b

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 motor driver IC (Integrated Circuit) 6. The motor
driver IC -6 is a motor driver realized as a chip and
constitutes an SPM driver and a VCM driver. A value
(control quantity) used to determine the driving
current supplied from the motor driver IC 6 to each
15 of the SPM 3 and the VCM 5 is determined by a CPU 91
in a control IC 9.
The head 2 is connected to a head IC 7. The head
IC 7 includes a write driver 71 which converts write
data into a write current and a read amplifier (not
20 shown) which amplifies the read signal read by the
head 2. The head IC 23 is connected to a read/write
IC (read/write channel) 8. The read/write IC 8
executes various 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.



decode read data. 2 7 SEP 2006 - 8 The control I1C 9 is the main
controller of the HDD. The control 1C 9 controls respective devkﬁe§sﬁ'%ms
the HDD (for exanple, the notor driver IC 6, the head I1C 7 and e

read/ wite 1C 8). To the control 1C 9 is 5 connected a tenperature sensor
10 used to detect the tenperature of the HDD. The control 1C 9 includes a
CPU 91, an FROM (Fl ash Read Only Menory) 82,-and a RAM (Random Access
Menory) 93. The FROM 92 is a rewitable nonvolatile nmenory. In the FROM 92
is 10 stored a control programused to control the notor driver IC 6, the
head IC 7, the readMwe tcont€od dQd9 tilse tHhek ena iffurddmero 14 drateeft -thescri bed
delay table 921 (see FIG 5) is stored in the FROM 92. A storage area in
the RAM 93 i s HPPoecaffhg¢ goniredr kCaPesoarta oflise reisipe cts vies e viiyetshenCPU 91
The CPU 91 executes the control programstored in the FROM 92. In
particul ar, th&hepBPDoffexeeHemplee &her mododr drdvex &t t6i nghepdread on for
the wite current _drivin optinvn1tor a tenperature detected by the
tenperature sehSor #99 geHéreé,d YELEL FG & -wi ITo bR seNgiredn I&s % st he
relationghip between the wite current and the overwite characteristic

and t hat *bet weERPPRELRA Pe LeBRPIBHTTENG IO TAGCaliSRE FradRtECssdhe
e gl Syl e Skt ke 25N TR ARG 25
nediunlgnagnetgccgbsgh,ignt@§OM (Flash Read Only Memory) 92, and
a RAM (Random Access Memory) 93. The FROM 92 is
a rewritable nonvolatile memory. 1In the FROM 92 is
10 stored a control program used to control the motor
driver IC 6, the head IC 7, the read/write IC 8 and

the like. Further, a later-described delay table 921
(see FIG. 5) is stored in the FROM 92. A storage area

in the RAM 93 is allocated as a work area and the like

15 used by the CPU 91. The CPU 91 executes the control
program stored in the FROM 92. 1In particular, the CPU
91 executes to a write driver a setting operation for
the write current driving 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



HDD by overwriting new data with respect to previously 2 7 SEP 2006 9
witten data. In the HDD, therefore, a characteristic indicative2dfSERmellb
state that the original data on which new data is to be overwitten is not
conpletely erased but remains (nanely, the overwite 5 characteristic) is
i mportant. In order to obtain the overwite characteristic, a.signal is
first witten to the recording nediumwth =a given low frequency fl. The
signal witten to the recording mediumis read by the head. Then, a read
10. - signal (reproduction signal) having a peak only in the. frequency fl
i s output fromXHeteradrtaubsbyuehel FPDa themafook, aahichharhctendsticl 2 is
overwitten in an, area of the recordin% medi umin which the signal is
witten with tEIGREIYeRkneyefstatnetbrgnsheopribdnals daitghobr equency f2
is read by the heﬁ?" Then, the read signal output fromthe head includes
not only the pERCh Jrev data chBicheyPe2oNgEwALSEenrhdSpagk comphetidaquency
fl even though the é vel is |pw Ihat hs, the original signal of the
frequency fl remiFd B (HRBENSF o tBRALAY  mEBRURVEFNESSECt i ve of overwriting

the signpal of equency, f2. The ratipo S2/S1 of the signal |evel S2 of
the'orig?nal\ﬁ%%ﬁ?%ﬁ%ﬁkﬁt% Vi lT?Bﬁggﬂgy f1 relative to the signal |evel

Ceferred to as the ueoneet clendbhedh, ol Bretirih, Rt tehist ivcomes
smaller, the qyedi¥AdP is first written to the recording medium with
a given low frequency fl. The signal written to the
recording medium is read by the head. Then, a read
10 - signal (reproduction signal) having é‘peak'only in the .

frequency f1 is output from the head. Subsequently,

a signal of a high frequency f2 is overwritten in

an area of the recording medium in which the signal is
written with the low frequency fl1. The sigﬁal of the

15 high frequency f2 is read by the head. Then, the read
signal output from the head includes not only the peak
of the frequenéy f2 but also the .peak of the frequency
fl even though the level is low. That is, the
original signal of the frequency fl remains on the

20 recording medium irrespeétive of overwriting the
'signal of the frequency f2. The ratio S2/S1 of the
signal level S2 of the original write signal of the
frequency fl relative to the signal level S1 of the
remaining component of the signal'of the frequency

25 f1 is referred to as thé overwrite charactéristic.
As the ratio S2/S1 becomes smaller, the overwrite

characteristic worsens. In an HDD with a poor



characteristic worsens. In an HDD with a poor 2 7 SEP 2006 10 overwite
characteristic, there are many renai ni ng conponents of the orlgwn k 3@'te
signal . In such an HDD, since unexpected signal conponents are®in ﬂ '
inv'the signal read by the head, erroneous information 5 is read. Therefore,
the overwite characteristic has a strong correlation with the error rate
inreading in the HDD. FIG 2 shows thel@verwrite characteristic and the
ATE characteristic when the wite current is 10 changed in the HDD in which
| at er - descri bed overshoot control relative to the wite current is not
applied. |In FbGerlrithecbaraetepnaédti nghblrackrermangl esmaindngat es t he
overwite characteristic 201 relative to the wite current, and the curve
“connecting bl ackmpsnentel ef thei catginahewATEechagneieri $ni sugb2anel ati ve
to the wite current. Here, it is determned that the tenperature T is T1
and t he recordHﬁQ,déhgc@yu{lexaéztedeﬁéigny)l TPRPPNEAERS aper ingdhpedf the
recording medium is TPI1 apparent fromFIG 2, the qgverwite 20
characterlstlclPstPﬁpFéQEGla§eﬁﬁebWrtp@ bepfenfrrenephsr dafeamatd@Byver, the
overMW|t§hcharacter| t|c tura%gd with a ﬁlve wite current in most

a
cases. er ef 6PeIeRE- Séegﬁaérs §dOVREWILRE GRBFRCIteE 1SEH4r Béferistic

I S not |nproved e f the Lte 25 rrent i s increased above that wite
current val ue. ﬁ%§ﬁ%ﬁ| 8rr§§%£%8P|Vl%ﬁ ﬁ HEDT °4 ﬁﬁ Fetc t€ading 1n

the HDD.
FIG. 2 shows the overwrite characteristic and

the ATE characteristic when the write current is

10 changed in the HDD in which later-described overshoot
control relative to the write current is not applied.
In FIG. 2, the curve connecting black triangles
indicates the overwrite characteristic 201 relative
to the write current, and the éurve connecting black

15 circles indicates the ATE characteristic 202 relative
to the writé current. Here, it is determined that the
temperature'T is Tl and the recording density (track
density) TPI (Tracks Per Inch) of.the recording medium -
is TPI1. As apparent from FIG. 2, the overwrite

20 characteristic is improved-as the write current is
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 is increased above that write current value.

Meanwhile, generally in an HDD, a magnetic

leakage flux from the write head (write element)



| eakage flux fromthe wite head (wite elenment) 2 7 SEP 2006 - 11 is
generated when the wite current is increased. This nmagnetic IegEagg,h@Hx
may possi bly nagnetize the magnetic substance on anot her track @adjate to
the track on which data should be witten (recorded). 5 The ATE
characteristic is one of the indices which indicate the nagnetic |eakage
flux fromthe wite head. The definit4 onlof 4+ he ATE characteristic wll
now be given. In order to obtain the ATE character- istic, a signal is
first witten to a pair of tracks 10 adjacent to a specific track with a

| ow frequency fils. gehleeatebh@heingtdle Writteeuiradrite iRaiindfeadacent tracks
Is read by the head, and a signal level V1 of the read signal is neasured.

Thereafter, a Shgsamaghetiieg leadkagle filexueasy fod diikdhemddit itzee frequency
15 fl by several MHz is witten to the specific track for approximtely
100 tines. Theithet hagsiegial sudsteade foromnicihetr drexkadjdientt ac he
specific track, and a signal |evel V2 of that signal is neasured.

Subsequent |y, tthe AFEckhgnasbdcbhstdada sdiosdid e ofrittiten 2Ardavirdestice of the
wite current on the adjacent tracks is obtained by calculating the ratio
of V2 to°Vl. BébsuddEorhagachiediddiisr il ioneoPf Hhawind aesadwhitdhe nmgnetic
| eakage flux fromthe wite head becqomes |arger as the wite current is

i ncreased. TherdAdratershenmaghe tditarledh@des Glidimam dihg e ide the wite
current is inc%%%%éd'Tﬁgi%éfaﬁ¥f¥%ﬁﬂg¥ﬂfﬂg.£ éngﬁg¥%cteristic will
now be given. In order to obtain the ATE character-
istic, a signal is first written to a pair of tracks
10 adjacent to a specific track with a low frequency fl.
Then, the signal written to the pair of adjacent
tracks is read by the head, and a signal level V1 of
the read‘signal is measured. Thereafter, a signal
having a high frequency f2 higher than the frequency
15 fl by several MHz is written to the specific track for
approximately 100 times. Then, the signal is read
from the tracks adjacent to the specific track, and
a signal level V2 of that signal is measured.
Subsequently, the ATE characteristic indicative of the
20 influence of the write current on the adjacent tracks
is obtained by calculating the ratio of V2 to V1.
Because of the characteristic of the write head, the
magnetic leakage flux from the write head becomes
larger as the write current is increased. Therefore,
25 the ATE characteristic deteriorates as the write
current is increased. This is also apparent from the

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



ATE characteristic 202 shown in FIG 2. That is, the 2 7 SEP 2006 12

i nfluence on the adjacent tracks by inéreasing the wite current cai BEP 2006
understood fromthe ATE characteristic 202 depicted in FIG 2. It is
desirable for the two characteristics 5 illustrated in FIG 2 to be both
achieved with sufficient margins. In the exanple of FIG 2, this

condition can be satisfied by settingthaawite current to approximately
36 mA. However, the wite <characteristic of the recordi ng nmedi um :
deteriorates as 10 the tenperature is |owered. Thus, FIG 3 shows an
overw ite charaaf2ueatiec oB0thandddachht charae &y Sicreaddagiiere the wite
current is changed under the |ow tenperature condition. Here, conditions
ot her than theritepenatrent @ae dguahndexsttvese ironcade GTE he 15
characteristics of FIG 2. It is to be noted that the tenperature T is T2
and | ower thanclarasteldsdiangl0o@ depiftt@d An IFIG.he .exanple of FIG 3, the
wite current value with which the overwite characteristic is saturated
i s increased as conpdr df Wasinapd eamltthedtws dagactedahiarsely, as to
the ATE characteristic, the wite current with which the ATE

char act ePi sti cildustzaded ig ddCer 2ot &6 Patdc ashi@yedrivitthi s because the
i nfluence of the _wiite current, on the adjacent tracks is reduced under the
| owt enper at uréué%,rr]r&ilfap nMazgifG ey R SRRy of fFHGur /i Ad¥iSase in the

track density gghd&%&%kv%%nb%er%%kké fég1ﬂ¥ Jgé¥}ng the write

current to approximately 36 mA. However, the write
characteristic of the recording medium deteriorates as
10 the temperature is lowered. Thus, FIG. 3 shows an
overwrite characteristic 301 and an ATE characteristic
302 when the write current is changed under the low-
temperature condition. Here, conditions other than
the temperature are equal to those in case of the
15 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. 1In 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



recording density of the recording nedium it can be 2 7 SEP 2006 13
expected that the follow ng problens may occur. That is, achievir\:1g7 2006
the overwite characteristic and the ATE characteristic with suffici
margins is very difficult. FIG 4 shows an overwite characteristic 5 401
and an ATE characteristic 402 when the wite current is changed with the
high track density. Here, conditions -otheE3 than the track density are
equal to those of the characteristics of FIG 3 including the tenperature.
It is to be noted that the 10 track density TPl is TPl 2 and hi gher than

TPI1 in the exxRicted tHdE the Avlarpaefiprdiand @ayw oddigr ATEhat
characteristic deteriorates when the wite current is increased at a | ow

t enper at ure wi tils,t lechidwging el tensiterwditer eflaactidridtei pramd art

di sclosed in 15 the above publication, the influence on the adjacent

tracks becones thepAdH erhasadteani Stricy evistth | suf fieci erdr makiqinsleinsiterwf the
recordi ng medium and reduction in the recording quality cannot be avoided
in a | ow t enpercitifidecwlii r dfifentd ishqws tarc W eerwRik Thehafarteristidi s
enbodi ment, as described below, this problemis solved by adjusting the
current 2in an‘MeIKbAD FFE hdrAdier it v dWhodtere tiremyite ncl uded in
the wite current. FI.G, 5 shows structure of the periphery of the wite
driver having SBEYT A tCS}\‘/ﬁﬂiariiacYHrﬁ}} dihe ihhierato densirent added

thereto in theﬁg¥g1Ié%ﬂhf¥¥gﬁ§63¥ﬂé}Fﬂﬁ%njfhgwg}ack density are
equal to those of the characteristics of FIG. 3
including the temperature. It is to be noted that the

10 track depsity TPI is TPI2 and higher than TPI1 in the
example of FIG. 3. As apparent from FIG. 4, the ATE
characteristic deteriorates when the write current is
increased at a low temperature with the high track
density. Therefore, in the prior art disclosed in

15 the above publication, the influence on the adjacent
tracks becomes a problem with én increase in the
recording density of the recording medium, and
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



wite driver 71 includes a current source 711 and a 2 7 SEP 2006 14
bridge circuit 712. The current source 711 generates a wite curyensgr \2006
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 |woutput from the current seurdd 71 to the wite head 21 by the
bridge circuit 712 in accordance with a control signal WK or WY. The
direction of the wite current Iw 10 flowing through the wite head 21 is
determined depeddigegcdmculie Ftates Tofe idierengnaburdé and WenerHtesst at es
of the signals WK and WY are determ ned depending on the |ogic val ue of
wite data suppl wedtef comrene Ieadipplied €o8thEhws iwe headat(write e.g., 15
NRZI (Non-Return to Zero Inverse) data. The bridge circuit 712 conprises
four transistoedementa, 2212 the2headd 27 tegiwtiech iar &IiG.i dge- Ttvenect ed.
The transistors 712a, 712b, 712c and 712d are used as sw tching el enents.
Swi t chi ng of t BMaREaRy efotker ¥riteo cawaent1 Iy igeneamtes bad the accor dance
with the_signal W supplied to _their bases. Furthernore, switching of the
_ transi st érs 71§@r§ﬁ&t7f2’éllric§ dart 6m Qf ichangedo pdsh &etw t H'htené’réfgnal Wy
supplied to th ir. basgg b%é% als WK and W do not becone high
(logic 25 "1") r%ﬁ&F i SPPEH&%S §P5F§n$1§¥ VPP TN t he

pair of the tragsl 3,90%nfl2% 3% 499 & €H°%rite head 21 by the

bridge circuit 712 in accordance with a control signal
WX or WY. The direction of the write current Iw
10 flowing through the write head 21 is determined
depending on the states of the signals WX and WY.
The states of the signals WX and WY are determined
depending on the logic value of write data supplied
from the read/write IC 8. This write data is, e.g.,
15 NRZI (Non-Return to Zero Inverse) data.
The bridge circuit 712 comprises four transistors
712a, 712b, 712c and 712d which are bridge-connected.
The transistors 712a, 712b, 712c and 712d are used as
switching elements. Switching of the transistors 712a
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.



si mul taneously turned on. 2 7 SEP 2006 15 To the wite driver 71 are
connected an overshoot controller 75 and one-shot circuits 73X and 73Y.
The overshoot controller 72 conprises a pair of transistors 721 apd SR 2006
and a pair of transistors 5 723 and 724. The pair of transistors 721 and
722 and the pair of transistors 723 and 724, respectively, constitute
base potential controllers which control 18 he- base potential of transistor
712b and the base potential of transistor 712d. The peak of the 10
overshoot part in the wite current Iwflowng through the wite head 21

is controlled by thito se woitntdelve £ ont rte dérnfiee i SidEshdSt 73X
and 73Y are pulse generators which output signals DX and DY each 15

consi sting of aositmioldef Tulaes' ode-GhaprEarcaiond y73X aind T3wed tine after
periods DI and D2 every time the states of the signals WK and WY change
fromthe |ow |Theelovelistetoll agintsildiey) 12 admprhisgs |l ix setond | ogic
state), respectively. Here, D = DY = 20 di. This tinme (delay tine) is
changed and settuapsistorsontdloland B2 cmd ® pain af dormnsistia@®) based on
the tenperature T detected by the tenperature sensor_10. A delay table 921
is store® in thHe¥FrRod 924 n (e R A YremsisteiniRYang 12dhiand2] is

stored 25 information of the delay tinme (dela uantity) d used to set an
over shoot curr e@ﬁt%%ﬁ#&ira&ﬁfr r 3}1@513/ 7(124’ respectively,

constitute base potential controllers which control
the base potential of transistor 712b and the base
potential of transistor 712d. The peak of the

10 overshoot part in the write current Iw flowing through

the write head 21 is controlled by this base potential

control.
The one-shot circuits 73X and 73Y are pulse

generators which output signals DX and DY each

15 consisting of a string of pulses which appears.only
for a fixed time after periods D1 and D2 every time
the states of the signals WX and WY change from the
low level (first logic state) to the high level
(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 aﬁ overshoot current optimum at a predetermined

temperature T in accordance with that temperature, as



tenperature T in accordance with that tenperature, as 27 SEP 2006 16

W Il be described later. Description will now be given as to contfol__over
t he overshoot current in this enbodinment with reference to sign vebfe 2096 m -
charts of FIGS. 6Ato 6E. 5 First of all, it is determ ned that the signals

WK and WY are in the states shown in FIGS. 6B and 6C. Wen the overshoot
current is not controlled in this state,lé waveformin the overshoot part
included in the wite current Iwis as indicated by the broken 10 |ine 603
in FIG 6A. On the other hand, when the overshoot current is controlled,

t he wavef orm i willhebeodessglrdbedpaateirncl uded in the wite current Iwis as
indicted by the solid line 604 in FIG 6A. Manwhile, the overshoot current
included in the 15Dasicrdptiionentilllwniow dentgiotdredisastd admwsol Every tinme
the states of the signals WK and WY change fromthe 1low level to the high
| evel , the oneo¥eat ther overshp®X camdendy imedihecst iemdlodigemdr atichonl y one
pul se 601 or 602 after periods D1 and D2 (D2 = D1 = di) fromthat 20 point
in tine as. sh&®dergnFeGte 6H9add SEVeriorm sthardiss offiX FA6S .DYA e edi.ng t he
pul ses 601 and_602 are input tq the overshoot controller 72. A pair of the

transi stors 72F1z58 efoald tAd isvEedgaineshithall dhe7zigaadcedX he base
potential of 25t transi stor 712b in the bridge circuit 712 with the
del ay of Dl fr@ﬁptﬁg FF&n&Pt&gﬁ ﬁ%@%@soﬁ §Pg%§@SMKGB and 6C.
When the overshoot current is not controlled in this
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 c¢ontrolled, 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



to the high level in accordance with the pulse 601 in 2 7 SEP 2006 - 17
the signal DX. Mreover, a pair of the transistors 723 and 724 iQ7t@g
overshoot controller 72 reduces the base potential of the transistor gf@%
in the bridge circuit 712 with the delay of D2 fromthe transition 5 point
of the signal WY to the high level in accordance with the pulse 602 in the
signal DY. As a result, the overshoot cdflreart in the wite current |w
flowwng through the wite head 21 is reduced. That is, the peak val ue of
t he overshoot current can be controlled 10 by the overshoot controller 72.
As apparent froie &l&habADXt heMpeeoodrof at paievershnet tpahkig@brie
shortened as conpared with the state before control by controlling the
overshoot currédd.ardGRR47in The 8¥%eanHoBE abhtrogéehefll2sheduresukhe 15 of
changing the delay times D1 and D2 (D2 = D1 = di) and neasuring the wite
current in thebaséteotientdal 7af hhei hyankéstver Ihadt ivottheoblrédg@2 shown in
FIG 5 added thereto. FIGS. 7A and 7B show wite current waveforns when
the delay ti meSiafeitA’hAadvéBh therdspawt pfePy¢. fFPBSthgAtzadsgBichow wite
current _waveforps when the delay tinmes are dC and dD, respectively. Here,
dA < dB X dC <PeBrt AR aph&r éhgnair B tRethealiiay, leNeloder k66X dancehe

rom da 1o db “Ai: N PpLdR YaPuse FRE pRUnRE BRa i 6% of TeRBlovetbioor
currents A, B’oSéggﬁogkcgﬁgggggnghnghe write current Iw flowing
through the write head 21 is reduced. That is, the
peak value of the overshoot current can be controlled
10 by the overshoot controller 72. As apparent from
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 8B all together show results

15 | of changing the delay times D1 and Dé (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. 8A 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



to the delay tines dA, dB, dC and dD are iA<iB <iC2 7 SEP 2006 18 <
I D. Here, the stabilized current quantity itself after overshoot is not
affected by the delay times dA, dB, dC and dD. That is, the stat&l-psgﬁ fﬂﬁdn
the wite current has the same current quantity irrespective of e
delay tinme. FIGS. 9A, 9B, 10A and 10B show the overwite characteristic
and t he ATE characteristic when overshodt control is applied in the HDD
illustrated in FIG 1 under the sane tenperature and track density 10
conditions as those in the exanple of FIG 4. Here, FIGS. 9A and 9B show
an overwite ckani@ct eHestel,c t9@l s taid larz oAl Curharac tardratiitey 3&&eland an
overwite characteristic 903 and an ATE characteristic 904 when the

over shoot curr @fiterAoyed sBoddpiict edti @ fHeCSed’ Ayl XhendielR varte mayspldred,
respectively. In addition, FIGS. 10A and 10B show an overwite

charact eri sti c 9861 dCamadaSiDATE Thedr dctertihet isbak0® rewt dm diher wriitte
characteristic 103 and an ATE characteristic 104 when the overshoot
currents C and SBrEépitctéd itherisagie gATIedn@wRtdity dgiasmectisspedt i vel y.
As appar nt fr%géFl 7A,. 7B, 8A, 8B, 9A 9B, 10A and 10B, the overwite
characte Istic d%ﬁ@@%éﬂ-ehs the overshoot current is increased. That is,

CUrrent.  on the of hér Tnd Arad o R0t A L0 JORH SIS (G YEE I 16 al nost
no influence e%ﬁ%ﬂé&teristic and the ATE characteristic when
overshoot control is applied 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, 9B,
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,



t he overshoot current is increased. That is, 2 7 S E P 2006 19 according
to this enbodinent, the overwite characteristic can be inproved w thout
sacrificing the ATE characteristic by controlling the overshoot 25uSER I8
in the wite current. This inprovenent 5 enables enhancenent of the
recording quality with the high recording density (track density) in the

| ow-t enperature environnent in the HDB. Here-~ optimum perfornances at

vari ous environmental tenperatures can be assured by 10 controlling the
overshoot current in accordance with the tenperature detected by the
tenperature seasebrddng t6 ehder eibodihieave thiesoviekrwriteufficient to use
the delay table having the delay tinme d which determ nes the overshoot
current quanti thapptienistar aapr bdeihmbroeed wddhbatrpenatifécihared therein
in accordance with this predeterm ned tenperature. In this enbodi nent,
this del ay tabkbe9RIEi shetrecteérintinebFROMNE2Z01EILGg TResbwesshoddt a
structure exanple of this delay table 921. 20 The control IC 9 (CPU 91 in
the control | CcYyrepgads thenWrh&edenayenibl e T9ds ilmpsovermedst of the del ay

tinme d corresponding to the tenperature indicated by the output voltage of
t he tenperat ur 8nabéRsopNRENCRARBILY Oft fB et EpFOrdinge WaldseW iR the 25

“tenperature sensor_ 10). Here, .in the informati on of the delay.tine d stored
innPhe del ay tagﬁeh$§§ Fﬁcordlng density (track density) %n %he

low-temperature environment in the HDD.
Here, optimum performances at various
environmental temperatures can be assured by

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. 1In 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



accordance wth each tenperature, information of the 2 7 SEP 2006 20

delay tine d corresponding to the tenperature which 1is closest to the
detected tenperature is read. Besides, it is possible to adopt,a §tp uygure
toread information of the delay tinme d corresponding to 5 the lower limt
tenperature (or thée upper limt tenperature) in a tenperature range in
which the detected tenperature falls- n2tnperature ranges indicated by
tenperature information stored in the delay table 921. This structure is
equi valent to the 10 structure using the delay table having a delay tine

correspondi ng telayptefet & gbredspenddhat Wee thangempetrated et heyieshn i n
accordance with each predeterm ned tenperature range. Additionally, the
delay tinme d mag béocdesér tondtie Hsteased demperedurientier pelaat.i on by usi ng
the delay tinmes at the lower |imt tenperature and the upper limt

t enper at ur e | nBelédesnpéitatigr possidpd e Homadoptt e stawicdured tioemeadat ur e
falls in accordance with the followi ng expression. 20d ={ (d2 - dl) T +
(dl T2 - d2Tl) pEnforppiionTiof ther delpy & ifie di@osaesPponsipar &ure, and Ti
and T2 are the_ lower limt tenperature and the upper limt  tenperature in
a tenperature F&fgeOWETWHILER bt FEMPEEREANTS anfdeatipPerT Iimits
respectively. Further, 25 dl, and _d2 are delay tines which_giye the optinmum
over shoot cur r &FFPEE RIS ol & itHP A S hangeriin which the

detected temperature falls in temperature ranges
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 is 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



and the upper |imt tenperature T2. The control 1C 9 2 7 SEP 2006 -21
determ nes the delay tines fromthe information of the delay tigg g ﬁgﬁﬂ
fromthe delay table 921, and sets the delay tines as DI and D2%in Eh
oné-shot circuits. 73X and 73Y in the head IC 7. 5 Description will now be
given as to processing to obtain the optinmum overshoot current and store
it in the delay table 921 in this enbodi2dent with reference to the
flowchart of FIG 11. When shipping the HDD shown in FIG 1, an operator
sequentially switches 10 and sets the environnental tenperature T of the

HDD in a plurakteymohest agesdeThy @priest GromnpHes infoefamids ©bF @dheect
optim zation and storage of the delay tines d relative to the set
tenperature T fleday &imendi readt fabmdthesde(bhgstabyet @2j,t @nidngegtent rol 15
IC 9 of the HDD shown in FIG 1. This series of operations can be

aut omat ed. Thetbentedhyl €igest ast DlprodedRi nyg dbeovdierghior dilreufiltewehart
of FIG 11 in response to the commands. The control IC 9 first sets the
del ay times 2078%r radpdAdi kg tbeahprdddCer’ni ned | owest overshoot current
as D1 and D2 in the _one-shot circuits 73X and 73Y in the head 1C 7 (step
S1). Thedcontrol | CP$SCRipPtden: witd ldaoy be Qivery ackdomrpqassiag tte of

pr edet er m ned th?cks og a cotrespondinﬁprecording 25 surface of the
recordi ng medi GRC#1By tRReCREIHUB PYETShOots Cargenst @possdrreradn in ne

control IC9 the delay table 921 in this embodiment with reference
to the flowchart of FIG. 11. When shipping the HDD
shown in FIG. 1, an operator sequentially switches
10 and sets the environmental temperature T of the HDD
in a plurality of stages. The operator ihputs
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 sfarts 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).



measures the error rate in the HDD (step S2b). 2 7 SEP 2006 - 22 This
error rate neasurenent can be realized by reading data witten_gn é;
recording medium11l in step S2a in sector units and obtaining a22e§ eﬁgﬁge
of a.sector which leads to a read error. 5 The control IC 9 judges whet her
the error rate nmeasurenment result is larger than a predeterm ned

reference error rate (threshold value)l ($t2ep-S3). |If the error rate
measurenent result is larger than the reference error rate, the control IC
9 determnes 10 that the overwite characteristic is insufficient. 1In this

case, the contraksl Er@oirneaeasa@ashe cd@ndy calh M2 T¥aldNled By Hela@aReNdi ng
time in order to increase the overshoot current by a fixed quantity (one

stage) (step Sdptal wrthitensoat ehet hecording medili 9 agaist<PEE 4% t he
error rate (steps S2a and S2b). On the other than, if the error rate
measur enent r esoltbrdoes tsobnex obdd iniagr af prearentageoof & sedtoa contr ol
IC 9 determnes that the delay tine d at that nonment is the optimum del ay
time d which giWwhésht heads &pt immneadyersioeot current val ue at the presently
set tenperature T. In this case, the control 1C 9 stores entry

i nf or mat Pon i ncl udi Fgea ceaitrads I fSrimsdes Wiethear thensrmumumate and
information of the delay tinme d_in the delay table 921 having the data
structure 25 dBFPELEEMRRLFEEGSULE (st d3rasy. Gomxesiejegrgnegy j ngs t he

| et I
delay table 92%e%%r%%g% %&E%@ Q%t%eQ%%&%%ﬁ%ld value) (step S3).

If the error rate 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). 1In 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. 1In this case, the control IC 9 stores
entry inforﬁation 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



executing the above-described processing in accordance 2 7 SEP 2006 23' -
with each predeterm ned tenperature. [First Mdification] Afirsy; sip 2006
nodi fication of the enbodi nent according to the present invention will now
be;described. 5 It can be expected that the overwite characteristic and

t he ATE characteristic such as shown in FIG 4 becone characteristics
having irregularities due to the charactgyistics of the recording mediuml
and the head 2. For exanple, like this enbodi nent, when the 10 head 2 is
arranged on each of the recording surfaces of the recording nmedium1, the

saturation curpeng gggh;%%Sggﬁg@ﬂfﬂ%dﬂy%ﬁ%éfggdgé(: may possibly vary

. dependi ng on each hea o irregularrties of " the force maintaining

the magnetized st at g gqf §¥”ﬂb&¥%*é§f¥ ng surface of the recording medi um
1. Furthernore, itqcaﬁ.be expegie tiﬂ& the ATE characteristic my

deteriorate with the IfawsW ifdii CWdtENHn AP e NSk iddRIWaldtd 5 of the
track width (head width) of each head 2. Therefore, It Is 20 possible to
- cope with an HBE hae pgedsange inveegUlol iwiltl eowwihd e sdiamRed eristics of
the recording nedium1 and each head 2 by optim zing the wite current
itself. Bn thidtceae bt expemitfdd dibat the forgbvidite danadtaldie 32l as
shown in FIG 14. That is, the 25 optinmum.delay tine d and the wite
current |w areand the ATE characteristic such as shown in FIG. 4

become characteristics having irreqularities due to
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



determ ned in accordance with each tenperature T for each head 2 (head H)
and stored in the delay 2 7 SEP 2006 24 table 921. Description ﬁﬁgéﬁraﬁg
be given as to processing to obtain the optinmmdelay tinme and e

current optinmumfor each tenperature with respect to each head 5 and store
themin the delay table 921 with reference to the flowhart of FIG 13.
When shipping the HOD shown in FIG L &Y operator sequentially sw tches
and sets the environnental tenperature T of the HDD in a plurality of
stages. The operator inputs commands 10 which direct optim zation and
storage of thetd@llay 92ti.ne d and the wite current |w for each head with
respect to the set tenperature T fromthe host system to the control IC 9
of the HDD depi ct ed Desddi@tibn ewidrly ridwrebd heiwsyidore il cd ey ataire T
is set. 15 The control 1C 9 starts processing according to the flowhart
of FIG 13 wit lobtedpedthet @pddaturhaled ayn tiaee ardhrde winitd i moemmands.

Here, it is determned that the processing according to the flowchart of
FIG 1 is execoPddmym foregpeht tedpearethm Wi ttHeessfedD tchedwhndweadd r anged
on the respective recording surfaces of the recording medium1l. The
control PC 9 (@8d stone tthemdm the delpy fahle R ¢vithe nefiexengarent |w

cULPUL [ om Lhe, SUIL AL SOULe FLLYD L bte diler, I BoYged to 2
shown in FIG. 1, an operator sequentially switches and
sets the environmental temperature T of the HDD in
a plurality of stages. The operator inputs commands

10 which direct optimization and storage of the delay
time d and the write current Iw for each head with
respect to the set temperature T from the host system
to the control IC 9 of the HDD depicted in FIG. 1
every time the environmental temperature T is set.

15 The control IC 9 starts procéssing according to the
flowchart of FIG. 13 with respect to each head in
accordance with the commands. Here, it is determined

" that the processing according to the flowchart of
FIG. 1 is executed with respect to the head 2 (HO) of

20 the heads arranged on the respective recording
surfaces of the recording medium 1.

The control IC 9 (CPU 91 in the control IC 9)
first sets the write current Iw output from the
current source 711 in the write driver 71 provided to

25 the head IC 7 to a predetermined current quantity
(here, 20 mA) (step S11). Then, the control IC 9

writes first test data to all tracks or a plurality of



(here, 20 mA) (step Sil). Then, the control IC9 wites first test data to
all tracks or a plurality of 2 7 S E P 2006 25 predeterm ned conéinggg 06
tracks on a corresponding recording surface of the recordi ng nmedi h am
the head 2 (step S12). Subsequently, the control IC 9 nmneasures the error
rate (step S13). This error rate 5 neasurenent in step S13 can be realized
by reading the data witten to the recorai ng nedium 1 in step S12 in
sector units and obtaining a percentage of a sector which results in an
error. The control 1C'9 stores the neasured error rate at address | of the
RAM 93 10 (st epr8iékeriiardhidofit idtoctisea refckshen ec yodirdgpediing 1 to

which data is witten in step S13 is divided in the radial direction of

t he recordi ng mediowding tstadkceunift $heetrecansiisig medifurt Hr &gy et | nuous
tracks, and 15 nmanaged. The control 1C 9 wites second test data to two
tracks except &aemdadk (@terhél@ant erSubsmmientltywo the ackerad) dce® to the
center track in accordance.with the track set (step S15). The control IC 9
execut es thi smeesuneg tthe egdiesr ad@tecelfteary 10 cefhdrs takrsike 2@b6 t h
respect to each of a plurality of track sets. Then, the control IC 9 reads
dat a from eachMegSwrE&mentadn iStamidtls® sfam beedanlifath Mesgrading thech  of
a plurality of the track sets, and obtaipns the _error rate (step S16). The

first test dat&3'@ WEAYER 39 (194 & 9 meddun i die PR %d™ in step

S12. sector units and obtaining a percentage of a sector

which resﬁlts 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 mediﬁm 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 S12.
If the center track is adversely affected by the

magnetic leakage flux in writing of the second test



If the center track is adversely affected by the magnetic |eakage flux in
witing of the second test 2 7 SEP 2006 26 data to the tracks adjacent to
the center track, the error rate obtained in step S16 is |arger §hﬁﬂ’§@ﬁ
error rate acquired in step S13. Thus, the control 1C 9 judges m%et er e
error 5 rate obtained in step S16 (which will be referred to as the first
error rate hereinafter) is larger thar t2fe error rate stored at address |
in the RAM 93 (which will be referred to as the second error rate
hereinafter) (step S17). If the first error rate does 10 not exceed the
second error raata thethenttralckisCadjdeleartnitoesHehajeritear e daxi)o thy | uence
of the magnetic |eakage flux. In this case, the control 1C 9 sets the
wite current lewrbor zatel obteineld iin istepedddd ilvy largersttagm (ther exanpl e,
2 m\) (step S18). In this state, 15 the control I1C 9 again executes steps
S12 to S17. Coswgegelrptei radvwd rieidr dn etegr Sldt.e exceeds the second error
rate, the control 1C 9 determnes that there is a harnful effect of the
magneti c | eakage fITpus/| fhaicondged The doiges Whetheetthe REngite 20
current Lwto a value which is decreased by one stage (2 mA) (step S19).

The val ué of tRK&%er PPE3LBE erit® ShePset G dWtieh wid ke egfsiFed da wite
current OBt I, h ISR SR AT SSANET A0 Lo tend 2 (O
' | the error rate stored at address I in the RAM 93
(which will be referred to as the second error rate
hereinafter) (step S17). If 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. 1In this case, the control IC 9 sets the
write current Iw to a value which is increased by one
stage (for example, 2 mA) (step S18). 1In 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 9 determines that
there is a harmful effect of the magnetic leakage
flux. In 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



out processing (steps S20 to S23) corresponding to steps S1 to S4 in the
flowhart of FIG 11, and 2 7 SEP 2006 27 determ nes the optinum del ay
time d corresponding to the opti mum overshoot current. Then, thg7c8ER 12006

| Gi9 stores entry information including a set of the head nunber of the
head 2, information of the tenperature 5 T, information of the delay tine d
and information of the wite current 1w’ the delay table 921 having the
data structure shown in FIG 14 (step S24). [Second Mdification] A second
modi fi cati on of the enbodi nent according 10' to the present invention will
now be descri bddteEmnGness thleowptamuny creirayt & igteadactoemiespondli5ly amd  an ATE
characteristic 152 at an outer position on the recording nediuml. FIG 16
shows an over wthee opthausc oershiootl Gurmehtan Aterohdhectanritstale IBG2 at 15
an internedi ate position on the recording nedium1. FIG _17 shows an
overw ite char §§0&eiSsenE TY7 A ndedFMat LATE igisbiing isstset PR the diedthner
position on the recording nmediuml1l. As apparent fromFIGS. 15 to 17, the

ATE char act er | 8@ eFarfed e fedd fg M RIENY PoRt itie HEMRRFFER di ng
L 08T A o Tl 15 e JSgie ol Lol ueneg, of the
on e eog" S ITRLE bt ertd 30 S GG b A udd i e
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 aﬁd the optimuﬁ
overshoot current (delay time) also vary in accordance

with each position on the recording medium 1 in the



overshoot current (delay tinme) also vary in accordance wth each position
on the recording nedium11 in the 2 7 SEP 2006 28 radial direction.

further stabilized performances can be assured by optim zing the
cufrent and the overshoot current (delay tine) in accordance wth eac

Thus,

sept

position on the recording medium5 1 in the radial direction. Specifically,
as shown in FIG 18, it is sufficient t@edi vde an area 100 on a recodi ng

surface of the recording nedium1l1l into

a plurality of zones in the radial

direction and rmanage them and further optimze the wite current 10 and

the overshoot ewgientdfdetayohl.merhug,ageetdercetaptilizedch zone.
area 100 is divided into, e.g., three zones Z1, Z2 and Z3 and nanaged.

Procedures shoperformhacésosehabt abshiréd by optibe zing khzedrfide
FIG 19 shows a data 15 structure exanple of the delay table

opti m zati on.

921 in this caserrent asdtthbeownetretioblie csiratentti 1de lpgr tameandes can be
assured by effecting optim zation in accordance with

Her e,

t he

each position on the

recordi ng nedi apcerdanchewiibi gechdposdttiion wint theegpeordingeaeldimad. 20

In all of this enbodi nent and the first and

enbodi meht; thé épt thenragdiadsHdsectionent Spesidy.caldy) s S&ownn

accordance wth each tenperature mhen_shippin%éthe HDD. However, the
opti num over shéBt F&Grr &fr Ldef gy SttidricRt 5o

In order to set this current
on a

10

15

20

25

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
and the overshoot current (delay time) in accordance
with each zone. Here, the area 100 is divided into,
e.g., three zones Z1, Z2 and Z3 and managed.
Procedures shown in the flowchart of FIG. 13 can be
utilized for optimization. FIG. 19 shows a data
structure example of the delay table 921 in this cése.
It is to be noted the stabilized performances can be
assured by effecting optimization in aécordance with
each position on the recording medium 1 in the radial
direction with respect to each head.

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

have access, on a recording surface of the recording

second nodi fications of this

ige ape@rer d00shi pnent .



assuring a dut€my wite area, to which a user cannot have access, on a
recordi ng surface of the recording 2 7 SEP 2006 29 nediuml c suffice,
for exanple. In this-case, the optinmm overshoot current (dela$?3i§ﬁf)ﬂm&n
beiset by neasuring the error rate with the dumy wite area as a target

I n accordance with the flowhart of FIG 11. 5 Further, the optimumwite
current and the opti num overshoot cur+ergg (delay tinme) can be set even
after shipment by neasuring the error rate with the dummy wite area as a
target in accordance with the flowhart of FIG 13. It is sufficient for

this 10 setti R@dRRMCaSTatg s R HUITITALdGHIIE exagiitad Haddie grntrol 1C
9 when the tenperature detected by the tenpérature sensor 10 devi ates from

t he tenperat ur @ptiznge ovedistictd dur reertpeldileie tindeor ren e Hear e, in  the
delay table 921, for exanple. In order to achieve 15 this, it is sufficient
that the contr aeas@irdngpathieodiraaly yatenividhs thiee duenmpenatiiee adeiecised by
the tenperature sensor 10, for exanple. [Third Mddification] Athird

nmodi fi cati on ofa tHairgedniiodiaettrdeoee ciirth 2@ tfd dwwth garte sehtFIGwarnt.i on wi | |
now be described. FIG 20 shows an out put voltage characteristic of the

t enper at 9r e sedSIthed,i fhe @Eierm wrd treamyer neindr arsk i eptiGumo 600)

whi ch guarantees the operation of the HDD. As shown in this drawi ng, the

out put vol t age O rEhocte GRS at (fed aerisig@ie ) 1 Gagppie bt reves qfter

shipment by measuring the error rate with the dummy
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. 1In order to achieve
15 this,'it is sufficient fhat 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 inventibn 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



enbodi ment linearly varies with respect to the tenperature at |least in the
tenperature range which 2 7 S E P 2006 30 guarantees the operation of the
HDD. FI G 21 shows the relationship between the tenperature (e@Vi §Emrpeost al
tefperature of the HDD) in the tenperature range guaranteeing the
operation of 5 the HDD and the optinmumdelay tinme (optinmum overshoot
current) relative to the tenperature. -As ¥hown in the draw ng, .the optinmum
delay tinme (optinmum overshoot current) varies linearly with respect to the
environ- nmental tenperature of the HDD in the tenperature range 10

guar ant eei ng t @ aepeitaldsortd dgwrdtdion \WerctHdheipmnper ature sensor 10
having the <characteristic shown in FIG 20 is used, the optimum del ay
time (overshoot currer@. 2harslesws i tteartelat idnsh s gestwéen tttee out put

vol tage of the tenperature 15 sensor 10 as apparent fromFI G 21.

Therefore, it itemparfativientenwitomental denperatwreomd e dEIRYY in e

whi ch gives the optimum overshoot current in accordance with the output

vol tage of the thenfempanaturse kange @uaiants einsothe mregatiamaier shoot
current 20 can be dynamically set in accordance with the . environnental

t enperat @ e at tth@atHf{R)r?é?ﬂ e PR DS e o vinine fort imun overshogt
characteristic of the third npdification lies in that. the optinm._.

overshoot curr ESRELEEayr #3ded Ve L0 NG\ IRRERREATY et A% deth e i t h

the enV|ronnemg¥awing’ the optimum delay time (optimum overshoot

current) varies lingarly 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



tenperature at that nonent when the HDD shown in FIG 1 is used. FIG 22
shows a structure of the 2 7 SEP 2006 31 periphery of the wite driver
havi ng the overshoot controller added thereto in the head | C 7 2ppISERA006n
the third nodification. It is to be noted that Iike reference nunerals
denote parts equivalent to those in 5 FIG 5. The structure of FIG 22 is
different from that of FIG 5 in that omg-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 ofppulipBeryhioeh thecQretBi di i9BkY haQing thiexedelistRAf ter tines
D1 and D2 (D2 = D1) which are in proportion to the output voltage of the

tenperature sesaetollef! adpgesatheeetoi Nai ehlectheld (TiTe 70EPRUt edvald age)
every tinme the signals WK and W change their 15 states from|low to high.

As a result, thaeophitdmmodelfdyation.i s Itdydianiteabley negled thatcdridance with
the environnental tenperature of the HDD. Therefore, in the third

nmodi fi cati on, treéeopnceumunegadisodencdier patrt sc aquieadendnitol dcdldse set

wi t hout control by the 20 control 1C 9-and w thout preparing the del ay
tabl e 923%. | n FAE.f &regliheg sémictiurencs &d&or di2ng st ditfifereprte Sorom
invention, a hard disk drive is used as the disk storage apparatus.
However, the pF€§§nPf2§IﬁnvéhﬂPoﬁhé§n°@§€3§Q@a@é@ﬂuhﬁss%3§%8ﬁ%§% appar at us

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 é string of pulses which become high only for a
fixed time after times D1 and D2 (D2 = Dl):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 apparatﬁs
such as an optical disk drive or a magneto-optical

disk drive.



such as an optical disk drive or a magneto-optical disk drive. 2 7 SEP
2006 32 Additional advantages and nodifications will readily occur to
those skilled in the art. Therefore, the invention in its broaglerggs ts
isinot limted to the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various nodifications may be nade
W t hout departing fromthe spirit or scope of the general inventive
concept as ‘defined by the appended clains and their equivalents. 2 7 SEP
2006 33 CLAIMs: 1. A disk storage apparatus in which witing of data
onto a discoid recoqgkm&jggglng&vghfggggrghaﬁmgafggéb{{gﬁgt@ga%ecording
medi um are carried out by a head, conprising: a wite driver i ch
supplies a Wi treadineicdur thehnad 41 Bredr danae Wih, Wil &r 6l 2,
wherein the wite driver includes: 10 a current source which generates the
wite current tandravdintidge il rits thrsudert st Pais ot fiiwited to
transistors and a pair of second transistors, the pair of first
transi stors supple/ispepdine avdeteam icls rand AdprEswitatteidvd Veribed Dngent sour ce
to the head in a first direction in accordance with a first control signal
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.’



corresponding to the wite data, the pair of second transistors supplying
the wite current generated by the current source to the head in a second
direction 20 opposite to the first direction in accordance wth 2 caﬂ€
control signal corresponding to the wite data; a tenperature sensor ch
detects the environnental tenperature of the disk storage apparatus; 25 a
controller which controls a peak value of an overshoot current included in
the wite current supplied fromthe wite driver to the head in 2 7 SEP
2006 - 34 accordance with the tenperatugg detected by the tenperature
sensor, wherein the controller includes an overshoot controller which
controls the peak value of the overshogi gent included in the wite 5
current supplied fromthe wite driver to the head; and a main controller
whi ch controls the overshoot controller in accordance with the tenperature
detected by the tenperature sensor; 10 a first pul se generation circuit

whi ch generates a flrsk @uskestbrageectpparabhisaisevhilehayritimgasd

outputs it to the overshoot controller every tine the first control signa
changes its st Aat3 roptr@ idiscoidgrecerding iredivecond regdingtafe, and

whose delay 15.tinme_can bhe varied;,K and a_second pul se generation circuit
data from the recording medium are carried out by a

whi ch gerter at es
head, comprising:

a write driver which supplies a write current to
the head in accordance with write data, wherein the
write driver includes:

10 a current source which generates the write
current; and

a bridge circuit containing a pair of first
transistors and a pair of second transistors, the pair
of first transistors supplying the write current

15 generated by the current source to the head in a first
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

20 opposite to the first direction in accordance with a
second control signal corresponding to the write data;

a temperature sensor which detects the
environmental temperature of the disk storage
apparatus;

25 a controller which controls a peak value of an
overshoot current included in the write current

supplied from the write driver to the head in



a second pul se after elapse of a set delay tine and outputs it to the
overshoot controller every time the second control signal changéd $&ER 2006
state fromthe first 20 logic state to the second |ogic state, and whose
.delay tinme can be varied, wherein the main controller sets in the first
and second pul se generation circuits a delay tine determ ned by the
paraneter val ue corresponding to the 25 tenperature detected by the
tenperature sensor; and the overshoot controller controls the peak val ue
of the overshoot current by controlling thge base 2 7 SEP 2006 35
potential of the transistor on the outflow side of the wite current in

the pair of fir&écoraasts!wieh! tne2EebERRCE:d Ab:8cpUlsEyOLHRUL fTom the
first pulse generation circuit, and by controlling the se potenti al of

the transistor tempdeabvwié! sgnsotle wheiden WhétECostrdElbri Inthggpai r of
second transistors in accordance with a pul se output fromthe second pul se
generation circuit. d0 gvepsbpek stntagklappehathscontwblshthei peag of

data onto a discoid recording nmedium and reading of data fromthe

recordi ng nedi Uikt @brthedovershyot cierent conpludeédginatiei veidei ver

whi ch supplies a wite current to 15 the head in accordance with wite
data, whetein tFRFISRE (BuRRPiRE Fremuble  welkerdsives ote cehenheadgener at es

the wite and

a main controller which controls the overshoot
controller in accordance with the temperature detected
by the temperature sensor;

10 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
first control signal changes its state from a first
logic state to a second logic state, and whose delay
15 time can be varied; and
a second pulse generation circuit which generates
a second pulse after elapse of a set delay time and
outputs it to the overshoot controller every time the
second control signal changes its state from the first
20 logic state to the second logic étate, and whose delay
time can be varied,
wherein the main controller sets in the first
and second pulse generation circuits a delay time
determined by the parameter value corresponding to the
25 temperature detected by the temperature sensor; and
the overshoot controller controls the peak value

of the overshoot current by controlling the base



current; and a bridge circuit containing a pair of first 20 transistors and
a pair of second transistors, the pair of first transistors supplying the
wite current generated by the current source to the head in a f27SSEP 2006
direction in accordance with a first control signal corresponding to wite
data, the pair of second 25 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 2 7 SEP 2006 - 36
second control signal corresponding to_thggwite data; a tenperature
sensor which detects the environnmental tenperature of the disk storage

apparatus; 5 a sOénOlABroMERE €88hEPES0R &ﬁ%hé%&@fﬁew%ldQV§£Sh°°t

current included in the wite current supplied fromt wite driver to
the head in acthe dentiee Whhréme ienples apale deteried byahdestbpgperature
sensor; 10 a first pulse generation circuit which generates a first pul se
after el apse ofaccerdayce i witiet epul sedoutpom Eronut iveit £ okt agel oé t he
tenperature sensor and outputs it to_the controller every time the first
control signal IINRGFRELPR sCE¥GMEL f ramd Y i ¢entrobl ing 1thethaget o a second
| ogic state, and whose delay tine can be varied; and a second pul se

gener at i Clr(Rﬁ e%%ﬁ%% n%p%lggan51stor 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.

10 2. A disk storage apparatus in which writing of

data onto a discoid recording medium and reading of

data from the recording medium are carried out by a
head, comprising:
a write driver which supplies a write current to
15 the head in accordance with write data, wherein the
write driver includes:
a current source which generates the write
current; and
a bridge circuit containing a pair of first
20 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
25 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



a second pul se after elapse of a delay tine determned from an output

vol tage of the tenperature sensor and 20 supplies it to the controller
every time the second control signal changes its state fromthe 7 rsgp 2006
logic state to the second logic state, and whose delay tine can be

vari ed, wherein the controller controls the peak value of 25 the overshoot
current by controlling the base potential of a transistor on the outfl ow
side of the wite current in the pair of first transistors in 2 7 SEP 2006
- 37 accordance with a pulse output fromyghe_first pulse generation
circuit, and by controlling the base potential of a transistor on the

out f1 ow si de of sédwend VEGAETELT & Ehal NebPle HSbid g SES OPe  RNSESEQES, I N 5
e

accordance with a pul se output fromthe second puls generation crrcuit.

3. A nethod of contral temperaturéesensoenvhsthpliéedcte tRehead froma wite
driver in accordance with wite 10 data in a disk storage apparatus in

whi ch writing cfnvijeermemtal ot efigendturecof dilng disk ustenage eadi ng of data
fromthe recording nediumare carried out by the head, the recording

medi um i ncl udi rAPRI¥A¥ERbrding surfaces, a pair of heads including the
head bei 15 arranged in accordance with one_and the other one of the two
recordinggsurfaces raspeRtFoel§T vhichy Fertrels ranpedki valuappfiad fromthe

wite driver to_a hq@d selected fr Q; fajr of heads in accordance with
overshoot current include n the write current

supplied from the write driver to the head in
accordance with the temperature detected by the
temperature sensor;

10 a first pulse generation circuit which generates
a first pulse after elapse of a delay time determined
from an output voltage of the temperature sensor and
outputs it to the controller every time the first
control signal changes its state from a first logic

15 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 delay time determined
from an output voltage of the temperature sensor and

20 supplies it to the 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 controller controls the peak value of

25 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 in



wite data, the nmethod conprising: 20 neasuring the environnental

" tenperature of the disk storage apparatus; reading a first paraneter val ue
and a second parameter value froma table storing first paranetery oepl 2086

and second paraneter values indicating 25 respective OptlﬁUﬂ]Mﬁlte currents
and peak val ues of optinmum overshoot currents, the read first paraneter

val ue and the read second paraneter value each 2 7 SEP 2006 38
correspondi ng to the neasured environnmental tenperature and the sel ected
head, conbinations of the first paranetegyvalues and the second paraneter
values being stored in the table in relation to respective 5 conbinations

of predeterni nestderieics Wibsh athilee Paigudf £RGRUSHe SEOHENhE] dy
switching the environnental tenperature of the apparatus ina plurality of

stages when slgep@Eratidre cisdust orage oy pesmt sl 1 dfy nEles Wasg a first
error rate while switching the wite current for each of the heads and
each of the sWwatentdiakmplrattransiskorron g Qwtef bpw | sride vef teheur r ent
for each of the heads and each of the tenperatures in accordance 15 with
the result of HBaS iFIFIIRE 117 sthePIT ref Seqpnd rrarsbsterdntherror rate

while switching a ak val ue of the overshoot _current for each of the
heads an eachg%:f 91% lﬁ‘e%u € PYIRM Pt TPMunhe second pulse

generation circuit.

3. A method of controlling a write current supplied to
a head from a write driver in accordance with write

10 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 out by the
head, the recording medium including two recording
surfaces, a pair of heads including the head being

15 arranged in accordance with one and the other one of
the two recording surfaces respectively, the write
current being supplied from the write driver to a head
selected from the pair of heads in accordance with
write data, the method comprising:

20 measuring the environmental temperature of the
disk storage apparatus;

reading a first parameter value and a second

parameter value from a table storing first parameter
values and second parameter values indicating

25 respective optimum write currents and peék values of
optimum overshoot currents, the read first parameter

value and the read second parameter value each



wite current nmaintained, the optimumwite current 20 being determ ned in
accordance with that tenperature and that head; determ ning a peak? \S&Pu2g06
of the optimum overshoot current for each of the heads and each of the
tenperatures in accordance with the result of 25 measuring the second error
rate; storing a first paraneter value corresponding to the optimumwite
current and a second paraneter value 2 7 SEP 2006 - 39 corresponding to

t he peak value of the optimum overshoot current for each of the heads and
each of the tenperatures in the table: cgptrolling, in accordance with the
read first 5 paraneter value, the wite current supplied fromthe wite

driver to the sRireeifbiEal RNEHOMHUID erdviRamidance with the read
second paraneter value, a peak value of an overshoot current included in

the wite curraempekatiirel aret itk afelemtigd Hdat) a-oMb irea tCilsiLdf dH! i ed
to a head froma wite driver in accordance with wite data in a disk
st or age appar atfiisrsitn paragtetan tialgresf arghttdhe rerandipeosnk tteac oradivegs medi um

and reading of 15 data fromthe recording mediumare carried out by the
head, the recoRfiify wtquad iifeithe fehle itecsldtipn fia freapectdatsh of t he

two recording surfaces is divided into a plurality of zones in the radi al
5 g comﬂinations of predeterminéé tempeggtures and the

pair of heads;
sequentially switching the environmental
temperature of the apparatus in a plurality of stages
when shipping the disk storage apparatus;
10 measuring a first error rate while switching the

write current for each of the heads and each of the

switched temperatures;
determining the optimum write current for each of
the heads and each of the temperatures in accordance
15 with the result of measuring the first error rate;
measuring a second error rate while switching a
péak value of the overshoot current for each of the
heads and each of the temperatures with the optimum
write current maintained, the optimum write current
20 being determined in accordance with that temperature
and that head;
determining a peak value of the optimum overshoot
current for each of the heads and each of the
temperatures in accordance with the result of
25 measuring the second error rate;
storing a first parameter value corresponding to

the optimum write current and a second parameter value



direction, a pair of heads including the head being 20 arranged in
accordance with one and the other one of the two recording surfac%E,SEP 2006
respectively, the wite current being supplied fromthe wite driver to a
head selected fromthe pair of heads in accordance with wite data, the
met hod conprising: 25 neasuring the environnmental tenperature of the disk
storage apparatus; reading a first paraneter value and a second 2 7 SEP
2006 - 40 paraneter value froma table storing first paranmeter values
and second paraneter val ues indicating_ r pective optimumwite currents
and peak val ues of optinmum overshoot currents, the read first paraneter 5

val ue and the r&ad-eand RAraBliRL ﬁgﬁkﬂ%é%ﬂglo§Qﬂ%§§ﬂ%%ﬁﬁt eto t he

nmeasured environnental tenperature,” the selected zone in
which the sel epicathirad derfas tionashcl Ybid i Plandieadh rst
paranmeter val ues and the second paraneter values 10 being stored in the
table in rel at itdre ttenpsEaoires ircat® nadblens of predeterm ned
tenperatures, the pair of heads and the zones; sequentially switching the
environnental t enperentrel bing heinpeecrdande witph wwhe i tgadffErsiges 15
when shipping the disk storage apparatus; nmeasuring a first error rate

whi | e sw’§chi nPagrnetfy realyig r dite i@ nrienthsunmldised foeh tdie t he

swi t ched tenperatures. and each qQf the zones;
Al write dfﬁver to éhe séaected head, and

controlling, in accordance with the read second
parameter value, a peak value of an overshoot current
included in the write current.
10

4. 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

15 data from the recording medium are carried out by the
head, the recording medium including two recording
surfaces, each of the two recording surfaces is
divided into a plurality of zones in the radial
direction, a pair of heads including the head being

20 arranged in accordance with one and the other one of
the two recording surfaces, respectively, the write
current being supplied from the write driver to a head
selected from the pair of heads in accordance with
write data, the method comprising:

25 measuring the environmental temperature of the
disk storage apparatus;

reading a first parameter value and a second



determning the optimumwite current for each of 20 the heads , each of
the tenperatures and each of the zones in accordance with the resul2t? SEP 2006
nmeasuring the first error rate; neasuring a second error rate while
switching a peak value of the overshoot current for each of the 25 heads

, each of the switched tenperatures and each of the zones with the optimum
wite current maintained, the optimumwite current being determned in 2

7 SEP 2006 41 accordance with that tenperature, that head and that zone;
determ ning a peak value of the optinum oy rshoot current for each of the
heads , each of the 5 tenperatures and each of the zones in accordance with

the result of fEASHdg. Whel A S NAIbTdSor SPTH L fdiste iy amet er
val ue correspondl ng to the Optll’Tleerte current & a secon paraneter

val ue correspaadiyis tdhd e iRk patatfetr WS Y | TRHR dk OY@r shoot current
for each of the heads , each of the tenperatures and each of the zones in

the table; contespddtiigre idptaimai danitee dilrdits raadl gedlstvahiseas®r val ue,
the wite current supplied fromthe wite driver to the sel ected head; and
15 control | i ng,optimoe avargteat tduttrenteadseceall arsingperanetier, a peak
val ue of an overshoot current included in the wite current.
5 value and the read second parameter value each
corresponding to the measured environmental
temperature, the selected head and the zone in which
the selected head is positioned, combinations of the
first parameter values and the second parameter values
10 being stored in the table in relation to respective

combinations of predetermined temperatures, the pair

of heads and the zones;
sequentially switching the environmental
temperature of the apparatus in a plurality of stages
15 when shipping the disk storage apparatus;
measuring a first error rate while switching the
write current for each of the heads , each of the
switched temperatures and each of the zones;
determining the optimum write current for each of
20 the heads , each of the temperatures and each of the
zones in accordance with the result of measuring the
first error rate;
measuring a second error rate while switching a
peak value of the overshoot current for each of the
25 heads , each of the switched temperatures and each of
the zones with the optimum write current maintained,

the optimum write current being determined in



10

15

27 SEP 2006
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accordance with that temperature, that head and that
zone;

determining a peak value of the optimum overshoot
current for each of the heads , each of the
temperatures and each of the zones in accordance with
the result of measuring the second error rate;

storing a first parameter value corresponding to
the optimum write current and a second parameter value
corresponding to the peak value of the optimum
overshoot current for each of the heads , each of the
temperatures and each of the zones in the table;

controlling, in accordance with the read first
parameter value, the write current supplied from the
write driver to the selected head; and

controlling, in accordance with the read second
parameter value, a peak value of an overshoot current

included in the write current.



