*159159* - 1 TITLE OF THE | NVENTI ON HEAD AMPLI FI ER
CIRCU T W TH FUNCTI ON FOR DEGAUSSI NG RESI DUAL
MAGNETI SM OF RECORDI NG HEAD BACKGROUND OF TH
I NVENTI ON 5 The present invention rel at es toEmm"mww”"””m,’”m
disk drive with a recording head,
particularly to a head anplifier CIrCUIt SU|tabIg“F
elimnating the residual magnétism of a recording
head, and a hard disk drive with the head anplifier
circuit. 10 In hard disk drives, data is witten to a
di sk medi um by suppiMilikg GFh@HE (I I8N heads with
currents (recording currentcélcorrespond
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stopped after a MWIte op eratlon or med.

thigriveewith hsrbﬁgﬂﬁlhﬁaheéd”agﬂ%th%r%o IR 5 iaW@§ to
remain at the recording head, i.e ecor

head hmeydbempagfetizedrcMhensdatabis fb@c@uqmn@m;l@l@e the
or several data sectors of a magnetic disk nedi um by

t hereetdndiingabeadisandft hemetbedahavaedd, pleroae herd
has occurred, all or part of the data or servo data
r ec8idksddshveheitht sheebeed anglsddear sircuit.

In hard disk drives, data is written to a disk
medium by supplying their recording heads with write
currents (recording currents) corresponding to write
data. When a write current is supplied to a recording
head, a recording magnetic field occurs at the head.
This magnetic field permits magnetic recording (writé
operation) corresponding to write data to be performed
on a disk medium.

The supply of the recording current to the
recording head is stopped after a write operation is
performed. At this time, it is known that a magnetic
domain may well remain at the recording head, i.e.,
the recording head may be magnetized. When data is
recorded on one or several data sectors of a magnetic
disk medium by the recording head, and then the above
phenomenon has occurred, all or part of the data or
servo data recorded on the data sector and sectors

subsequent to the data sector may be erased.
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subsequent to the data sector may be erased. *@00002*
To avoid this, techniques for elimnating the

resi dual nagnetismof a recordi ng head have been
proposed. For instance, Jpn. Pat. Appln. KOKAI
Publ i cati on No. 2-64903 (docunent 1) describes a 5
techni que for supplying a recording head with a
recording current of a constang frequency as a
degaussing current inmmediately after a wite operation
of the recording head. The supply of the degaussing
current prevdeifis e sedadimgursd 91 o e iy Woe
magneti,zed.. The tine inmediately after a wite

opelréﬁléiﬁlaslpéﬁgﬂe%slny Afednd ade diinge Haatkdiagtelbeen

after the 2, ate vvrlte ate sj naﬁ%plsturned
9

of f PFPRESE COr élgéL Pﬁﬁbq ,
t t Wite
{5°3aBIAY ol B ?ﬂs?. l@%ﬁ”?f@a S S s R o
| I :
| hateghhlRE f'““%ﬁ%ﬁ%’% o SR P e LIS

(doeureRtiid)y desekinRes i eOMNaWe folquEIQt Qi cal |y
decreasing a recording current, supplled 20°to a

r ecaediangshead cutreent ﬁﬁﬂ&ﬂha&% goﬁft@Qh%rW@dﬂé53§é%atlon
rel axation period) imediately aft the wite gate

i s bdrtbe oktordinghheadase Thiehguppagodi ngheC WdRhis §ihg
attenuated along a preset inclination or decay index
cur GEr reRér elspvenévethieng o2 riiagr deerddifimprheathafimimg

remai ni n %netlzed Nanel y,
magnetize The time 1mmed1ately after a write

operation specifically means the time immediately
after the write gate (write gate signal) is turned
off. The recording current of a constant frequency
(degaussing current) is generated based on dummy write

data. The degaussing current is characterized in that
its amplitude gradually attenuates.

Further, Jpn. Pat. Appln. KOKAI Publication
No. 4-228103 (document 2) describes a technique for
monotonically decreasing a recording current, supplied
to a recording head, for a preset period
(characteristic relaxation period) immediately after
the write gate is turned off. 1In this case, the
recording current is attenuated along a preset
inclination or decay index curve, thereby preventing
the recording head from remaining magnetized. Namely,
document 2 describes a technique for preventing a

recording head from being kept magnetized. Document 2
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docunent 2 describes a technique for preventing a
recordi ng head from bei ng kept magneti zed. Docunent 2
al so describes supply, for the preset period, of a
recording current of a higher frequency than in a data
wite operation. This high-frequency recording

current is attenuated so that the envel op curve of the
5 anplitude is nonotonically décreased. The techni ques
(hereinafter referred to as prior art) described in
docunents 1 and 2 both aimto elimnate the residua
magAdsios hegic iithe s scmrdivhg flread hebyp resedr diergod, of a
read- unnecessary data as the rear end of 10 '

pr edECEXHLREd C\Hrrrteéltdé’tfa awhug@egrr ddissluepcyt ttdraratimg data
t he re ordi ng cuyrrent. articular, docunent 1

di sc":"lr& &s PP EOFuen )bls( IerirEE eBIC Yatiesimatingn

For Bt e Tating TRE LS ding Per SR S ARIGRUALISE Gif the
15 Lhy 1l%ard'l@9m%w L8 IS0 QRLITA, par anet er sy

reliabl eI|n1nate the res magneti sm of the

recor di n@hlée%%chm\éﬁ;\é%f Hetréﬁ%ftt%%o ftéh tt@taﬁ”berlor

prior art cannot conpl ete y el mnate e residu

magaeti saeetriledr eeedbcmanetlsl 4 headd W ¥rh aim to
hi gh-density recordi ng. Moreover, the tine required to

at t ehdatieatke thecoreduni@alcu@m@ttllsm aFouthet @rdording head
several hundred nanoseconds. In the prior art,
unnbyegsapryddaga riesdrecoeded sar yanlatar ea ahet hear end of
magneti ¢ di sk medi um corresponding to this 25 time. By

t hePiRAEesBANEddardtet ke thomhatlel woaderflilyi endenofating

the magnetic di sk mediumis reduced.
the“recording current. 1In particular, document 1

discloses (1) frequency, (2) period for attenuation
and (3) attenuation configuration used as parameters
for attenuating the recording current. Attenuation of
the recording current using optimal parameters may
reliably eliminate the residual magnetism of the
recording head.

However, it has become clear that the prior art
cannot completely eliminate the residual magnetism of
recent magnetic heads for high—density'recording.
Moreover, the time required to attenuate the recording
current is about ten to several hundred nanoseconds.
In the prior art, unnecessary data is recorded on an
area of the magnetic disk medium corresponding to this
time. By the unnecessary data, the formatting

efficiency of the magnetic disk medium is reduced.
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BRI EF SUMVARY OF THE | NVENTION | n accordance with an
enbodi nent of the invention, there is provided a head
anplifier circuit for use in a hard disk drive having
a recording head 5 which magnetically records data on
a magnetic di sk nedium The head anplifier circuit
conprises a driver «circuit configured to supply, in a
dat a-recordi ng node, the recoddi rRg head with a
recording current corresponding to wite data and
serving as a first 10 recording current, and to
supply, in a dedRISE MPMMARIe,OR MEHE eaNVENTIHOMhead with
a degaussing current serving as a second recording
current . ITh@cseasiad cer egdihdiany emiraddmteritao fa titissi ng
peri,od and falling period set Ionglr than a rising
per tBUCRAdOPal [Fhgge18 Spericyd ds phéerid smplddded] g reuit
current. The er .,al so conprises a contro

ci réfl FtuESnFPgﬁrgér%t8155n9F&Wes®@WéWﬂh@ gﬁ&ﬁﬁﬁ%@g head
he d to .contr
et e oh e aRd L TRAT 1 B rp R A R T e AP e HAEVERAL
VI EM&q O THET RRANL NG g%pIg%lg %EE%%X'”%xQ{%g%% Sgxfdrlver

whi ch are incorporate n-and constitute

thec§9@§h£'§@hf@@ureﬁlkBSEﬁ?EQ¥eng%db”%%E%JyédaF%Lngh

i nvention, and together he general descripti

glVmﬁdabOVHeaﬂécbbalngehébhedlﬂﬁsﬁrk%kb%@l%@ E@%rent
enbodi nents gi ven bel ow, 25 serve to explain the

priacrpéeponfiihbetbnwenteofataFhed beirvidghlheclk first

diagramillustrating the configuration of a hard disk

dri yecacrdondi aAyrrenain entotdbnmenppdfy,t he andertiuesing
mode, the recording head with a degaussing current
serving as a second recording current. The second
recording current has a rising period and falling
period set longer than a rising period and falling
period of the first recording current. The head
amplifier also comprises a control circuit configured
to control switching from the data-recording mode to
the degaussing mode to control the driver circuit.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

in and constitute a part of the specification,
illustrate embodiments of the invention, and together
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 illustrating the

configuration of a hard disk drive according to an



10

15

20

25

FIG 2 is aviewillustrating a data sector fornat
enpl oyed in the enbodinent; FIG 3 is a timng chart
illustrating the 5 relationship between a wite gate
signal (W3 33, wite data (W) 35, WG 31 and WD 38
in the enbodinent; FIG 4 is a timng chart
illustrating, in relation to a data format, the

rel ati onshi p between a recorddng-current signal (W5)
44, W5 45 and degauss 10 gate signal (DG 40 in the
enbodinent; FIG 5 is a graph illustrating the
occehmpbefémentapifotbk revending;data erasure in units
of risin periods (Tr) 101A and falling periods (Tf)
101B of %EG-(?eéérGiNge@uﬂﬂé#ﬁt§ﬁ§ﬁaw)? tath Gecgors a

tim.ng chart illustrating, in r
forﬁﬁ?WaFh@mPéPX?PohghFngémR@@ﬁmﬁst;44, WG 45 and DG

40 | irst modificati, the . enbodi nent; EIG 7

'S a'ti G cRatt Pl FABLPd Phar T i L30SEErELREn 05 a

dat . . i i 4,

and D G5ehsnLBeRE L Oa IR BPhHRED sl Bt G, R

a . a s | | r pods e .
A e S A A S e e Ve

45 and Wer47 unig whicheghimpdichiaeat 1N uekrbR8ng, in

enbodinent; FIG 9 is atimng chart illustrating, in

rel aélehibtn aodat datar fekmathethel akilansbnphbet veere¥d a

44, W5 45 and DG 40 in a fourth nodification of the
recording current signal (WS) 44, WG 45 and degauss

relation to a data

gate signal (DG) 40 in the embodiment;

FIG. 5 is a graph illustrating the occurrence
ratio of recording data erasure in units of rising
periods (Tr) 101A and falling periods (Tf) 101B of WS
(recording current signal);

FIG. 6 is a timing chart illustrating, in
relation to a data format, the relationship between WS
44, WG 45 and DG 40 in a first modification of the
embodiment;

FIG. 7 is.a timing chart illustrating, in
relation to a data format, the relationship between WS
44, WG 45 and DG 40 in a second modification of the
embodiment;

FIG. 8 is a timing chart illustrating, in
relation to a data format, the relationship between WS
44, WG 45 and WG 47 in a third.modification of the
embodiment;

FIG. 9 is a timing chart illustrating, in
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enmbodinent; FIG 10 is a timng chart illustrating, in
5 relation to a data format, the rel ationshi p between
W5 44, WG 45 and DG 40 in a fifth nodification of the
enbodi nent; and FIG 11 is a timng chart
illustrating, in relation to a data format, the
rel ati onship between W6 10 44, WG 45 and DG 40,
acqui red assum ng that degadssécontrol is performed by
the prior art. DETAILED DESCRI PTI ON OF THE | NVENTI ON
An enbodi nent of the invention will be described wth
r ef &eénté ono tohe aedengaryiaty drawimdstiliiGhib bHiwessn WS
a block diagramillustrating the configuration of a
har 44di ¥ ég P8daB60rddi Ag o famrafbodidighitcadfiarhef the
|nven£|on The hard disk drive (hereinafter referred
to SEPPA&™eNEAY') mainly conprises a mechanica
section f% q ci,rcuitry section 2. 20 The mechanij ca
Crcld

section dd$ & Chditdk L vsgrating o

and aﬂ% 1 n ¥ gne?ﬁ% h%aﬁmf h% |ndlﬁa&wotor Sgg%yeen WS
namgly. JHpRer aﬂadabow i)' 2088y fbai Rk 20 A H°

di sk surfaces .g., Re upper sur
ser ¥fAboasmankecandi ng surface on which data is

magnetically recorded. On the recording surface of

the di skFit,. alpliural ictiyiol seave aneastkld imrdi aldy
extend at regular circunferential intervals. ach

seryelatéanli0 hadaser Yordata (8B) ret¢earidedhiphecearen WS
The servo data includes position data
44, WG 45 and DG 40, acquired assuming that degauss
control is performed by the prior art.
DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the invention will be described
with reference to the accompanying drawings. FIG. 1
is a block diagram illustrating the configuration of a
hard disk drive according to an embodiment of the
in&ention. The hard disk drive (hereinafter referred
to as the “HDD”) mainly comprises a mechanical section
1 and circuitry section 2.

The mechanical section 1 includes a magnetic disk
(magnetic disk medium) 11, magnetic head 12, spindle
motor (SPM) 13 and actuator 14. The disk 11 has two
disk surfaces, namely, upper and lower surfaces. At
least one of the two disk surfaces, e.g., the upper
disk surface, serves as a recording surface on which

data is magnetically recorded. On the recording

surface of the disk 11, a plurality of servo areas 110
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necessary for control (seek/poisoning control) for 5
positioning the head 12 to a target position on a
target track. A user data area is provided between

adj acent servo areas 110, and includes a plurality of
data sectors. A nunber of concentric tracks (not

shown) are provided on the recording surface of the

10 disk 11. FIG 2 illustrates’a general fornat (data
sector format) exanple of wite data of one data
sector recorded on the disk 11. As shown in FIG 2,

w i redidatly ektend ddat aegedier ciompmifeeerd iprleamiervals.
111, sync is mark (SM 112, user data 113, error

cor @6 §RTFEdETEPEREY 188 ssdvioskdrbl (SD)1FecTnsied
pregﬁbl e 111 i?} data (preanble _data) forned of a
synChRPSAPZat i SASpEErEPrndsta dngrleses Posddemsy dadid i s
used for auto_gain control Al .for .a synchronqus
sigﬁg °48 5Yt£g§eﬁgpgfgla(fﬁgéﬁg%ngp RS CORTd KHor ToT
rea Lgnal.. Th y 12 is_an.identif.ication
pat 8§%g?gg%F§cSP§rﬂ%8§2;5f5% adg ggFFnEOFﬁgﬁoga&quf
bi t e OW R(Q r a 3.duc -
repﬁggggFigggh#ﬁe ﬁségégaﬁge%lér%é é%d g%g&gfg bﬁﬁgeen
ECCadidckatusedvboa¢@hketl 0an 184" Ghol € g2 -
repro%uced user data 113. Theaggsﬁgﬁépg%%lg %&u g&éty of
addedthoskinbgh . maai mufbkirkeki keadcdeterncratdken Me
determination). The M. determination is perfornmed to
decedewhheauseprdatdedl1dnbyha pacbirdingespefsecrad e
l'i kel i hood process (PRML. process). Referring again to
FI ¢isk {he head 12 is located corresponding to the

recordin% surface_of the disk 11
IG. 2 illustrates a general format (data sector

format) example of write data of one data sector
recorded on the disk 11. As shown in FIG. 2, write
data of one data sector comprises a preamble 111, sync
mark (SM) 112, user data 113, error correction code
(ECC) 114 and postamble 115. The preamble 111 is data
(preamble data) formed of a synchronization pattern of
a preset frequency, and is used for auto gain control
(AGC) for a synchronous signal used to generate a
clock signal, and for a read signal. The sync mark
112 is an identification pattern (particular code) for
detecting the leading bit of the following user data
113 during reproduction. The user data 113 is coded
data. The ECC 114 is used to correct an error in the
reproduced user data 113. The postamble 115 is data
added to finish maximum likelihood determination (ML

determination). The ML determination is performed to
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5 The head 12 is a conposite head including a

recording head (wite head) used to record (wite)

data to the disk 11, and a reproduci ng head (read

head) used to reproduce (read) data fromthe disk 11

For sinplification, FIG 1 only shows one head 12. In

10 general, however, the two surfaces of the disk 11

both serve as recording surfaBes; and heads are

provided for both disk surfaces. Further, in the HDD
shown in FIG 1, only a single disk 11 is enpl oyed.
Howelgsede tthe meentdadm il 3albyo aapplrtdatl] e etspcarseHbR x imum
with a 15 plurality of disks 11 stacked on each other.

The L1&BRI }@Oro@'t Prosesge (BRME Progessilgh speed. The

head 12 is attached to the tip of the actuator 14.

Nbr e spe(ﬁ IS A% e Flrg; dratthec iR d ot % 1s located

ng from n arm 140 incorporat.e

1 t
20 PR Erebeb B ol s e IR o Ao lgeda &1 11
Vo'@ﬁe ﬁ% h Bt Qi %nggg%%lt%rﬁz @“'%%l aCtu%%%%rdlng

The actuator al'l noves 't ovVer
theh@bﬁk w%lt%n@%%dth%s%%r%% %%%Egﬁl %&1%e daﬁg to the

n1croprocessor ( LD 4 descri be ater,
posHik®ning the Be&@pkadﬁblﬁ ﬁeb@fg%%aﬁo%b%ﬁgnused to
(target track) on the disk 1 The circuitry section

2 comprbsesea (ead) anphi firem ¢hiCudilk211.r eadwite
channel circuit 22, hard disk controller (HDC) 23, CPU
24, shBpbiYieBtand, FiGor ldonler s26wsTese hdays 12i.t Has
been generalized to incorporate several of the

ci réBnesads BAVEMBrinthe $hoglkerifecelsi pf Ahsodisk HE both

enbodi nent, several of 5 the head anplifier circuit
21’s?éga/afipgceﬁgﬁﬁg|surfaces, and heads are provided
for both disk surfaces. Further, in the HDD shown in

FIG. 1, only a single disk 11 is employed. However,
the invention is also applicable to an HDD with a
plurality of disks 11 stacked on each other.

The SPM 13 rotates the disk 11 at high speed.
The head 12 is attached to the tip of the actuator 14.
More specifically, the head 12 is attached to a
suspension 141 extending from an arm 140 incorporated
in the actuator 14. The actuator 14 includes a voice
coil motor (VCM) 15 for driving the actuator 14. The
actuator 14 radially moves the head 12 over the disk
11 under the servo control of a microprocessor (CPU)
24 described later, thereby positioning the head 12 at
a target position (target track) on the disk 11.

The circuitry section 2 comprises a head

amplifier circuit 21, read/write channel circuit 22,
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circuit 22, HDC 23, CPU 24, nmenory 25 and notor driver

26 may be incorporated in one IC chip. The head

anplifier 21 includes a read anplifier 211 and data

wite driver 212. The read anplifier 211 10 anmplifies

a signal (reproduction signal) 43 reproduced (read)

by the head 12, and outputs the anplified signal as a

read signal (RS) 39. The data @ite driver 212

converts wite data (WD) 42 into a recording current

(wite current) signal (W5) 44 when 15 a wite.gate

si ghalrd( Wi kMsdrg radtliere (HR@. 2, KRgh 24 ,ewednory 25 and
Nanely, the data wite driver 212 generates W5 44

cor FeSeEn@irdgetro A8 4 X helven dAG S s ldcthase . belre gdreahlized

anplifier circuit 21 further_ includes a degauss .

contPo "EOFrEGTR 21 $eVfegdusE $ihgn &1L qrerdrsatd mﬁb%ijdm a

20 degauyss ite driver 215, which wi|| be describe
Iatgﬁgg¥ﬁe1&£é%Wﬁ%itéﬁéﬁhﬁﬁéﬁhﬁ|%9qu%ﬂquyzf%ﬁ%ﬁ%ﬂ-Of
ro Si o Lt-.for perfarmyng varipus .sign

Br ogg%s&e%,gds GC ééflf%alcgd{ctuol-tdi%’t ﬁeacogJﬁVe]Ttseigo%‘adH“%S

25 @k i gnal 9,,+en ' 0 j 35, ;..

andElgggééi %3’0%“%53%@?? rﬁ%air ﬁe‘ﬁﬁéﬂi%ﬁaﬁéﬁgﬁﬁtﬁgﬁ%&ver

opepat mah 8k tihedreRPWdd & ICharnglc CyigHit 22 will be
10 descried later. The HDC 23 serves as an interface

bet ween The HBAd amtghld fiest 2lyStrRiMydyd Shawy amdBifier
host systemis an electronic device, such as a

per gdhabndonpttewyriwei clriyeut i2li2zes Thike Bl efmdlliGiekr 211

as a storage device. The
amplifies a signal (reproduction signal) 43 reproduced
(read) by the head 12, and outputs the amplified
signal as a read signal (RS) 39. The data write
driver 212 converts write data (WD) 42 into a
recording current (write current) signal (WS) 44 when
a write gate signal (WG) 45 is active (e.g. at high
level). Namely, the data write driver 212 generates
WS 44 corresponding to WD 42 when WG is active. The
head amplifier circuit 21 further includes a degauss
control circuit 213, degauss signal generator 214 and
degauss write driver 215, which will be described
later.

The read/write channel circuit 22 is a signal-
processing circuit for performing various signal
processes, such as analog-to-digital conversion on RS
(reéd signal) 39, encoding on WD (write data) 35, and

decoding of read data. Particulars concerning the

operation of the read/write channel circuit 22 will be
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HDC 23 controls transfer of user data (read/wite

data) between the HDD and the host system Further,

the HDC 23 controls the read/wite process by the

read/ wite channel circuit 22 via a bi-directional 10
control signal line (RAC-CTL) 32 that generally

consists of a bus interface (I/F). Further, the HDC

23 transnmits wite data (WB) 3% having a predetern ned
format to the read/wite channel circuit 22 in
synchronismwith a wite gate signal (W5 33, and 15
recéevesiedadatiera (RD) 35 fromthe read/wite channe
circuit 22 in synchronismwi th a read gate signal (RG
34. Furt RBPMDPE, 2BhécHDEs23scent Lotsritheer badment ¢he HDD
operation of the head anpllfler circuit 21 via a bi-

20 ﬂP?eEtPSﬁEISXBE?WoIn@lgﬁBPWPANP @Wﬁ)hgéttﬁiﬁtem is an
gengg conS|sts of a /| F, and.out

O E1 8L YpROBNRIS 0T, BuRE bR anBRsRNGH PPBE Eeren Plch
21,6, 31 Lsn Ukl chogginer W1 Y63, 3L e 2

gate si gna uste |nt|mn

syngbtomzsgn%wsV\Prgﬁs@M' be El%é‘) V\%@&&%@%&/WQ%

the read/ wite channel circult

actiiyea( epgtwedh BhehHDbeMﬁh)théthe§§l99@%6& a Further,
data-recordi ng node for the - 11 head anpllfler

ci rchetHRE. 2%heanthelseadbwreba/wehasnpkoekkeUbly 2Re
has received W 33 and WD 35 from the HDC 23, i1t

out paag/Wbi B8. chanhhilscembodin@at yi¥Da B8-Hs reatpohailn
a preset format, lagging WG 33 and WO 5 35 by a
cer@%mhrghnﬁhgnaihélﬂﬁn1Hﬂcgﬁﬁbﬁ 82 £het generally

consists of a bus interface (I/F). Further, the HDC
23 transmits write data (WD) 35 having a predetermined
format to the read/write channel circuit 22 in
synchronism with a write gate signal (WG) 33, and
receives read data (RD) 35 from the read/write channel
circuit 22 in synchronism with a read gate signal -

(RG) 34.

Furthermore, the HDC 23 controls the read/write
operation of the head amplifier circuit 21 via a bi-
directional control signal (AMP_CTL) 30 that generally
consists of a serial I/F, and outputs WG (write gate
signal) 31 to the head amplifier circuit 21. WG 31 is
output together with WG 33. WG 31 is a gate signal
adjusted in timing so that it is synchronized with WD
(write data) 38 output from the read/write channel
circuit 22. When WG 31 is active (e.g. at high

level), it designates a data-recording mode for the
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shows the relationship between WG 33, WD 35, WG 31 and
WD 38. The HDC 23 outputs a servo gate (SG 36 to the
read/wite channel circuit 22. SG 36 is a timng 10
signal (servo gate signal) corresponding to each servo
area 110 on the disk 11. From SG 36, the HDC 23

recei ves servo data (SD) 37 for head positioning that
is acquired by decoding RSrdproduction signal) 39 by
the read/wite channel circuit 22. 15 The CPU 24 is a
main controller for the HDD, and is a main el enent

i ncOEPer atpd iifdes sémgaiisy Stlem Mdren dec wisianly wodriter ol
(servo contrql) for positioning the head 12. Based on
SD FE@POSldgtléf‘%? 2¢hbacpyegslyert M6 $3a agsklfD 35 from

k foll ow ng operation) 20 for noving
Chethe 859‘2552°att ZHGRLE HOK Jon {RE GPaR SFROTTEers WD

R T PRI L (B ey
1 e
e R

andsﬁbﬁgr@HHHPE?aE?@gsﬁgépbg%wgéﬁ)WGa@@ #oOH8S ¢ ?1 and
control programfor the 24 "and varidus  types

conypoBsdata. The notor driver 26 includes a 12 SPM

driver 26A and VCM driver 26B. The SPM driver 26A

drives tfibeSRNMC133undeputbe acertrivel geftet h&cGPY24.0 T

VCM driver 26B drives the VCM 15 under the control of

t herepd/uits pbadestrcheduabole,. tBe Béadsaapliifiiey

Clrgfégafl(servo gate signal) corresponding to each servo
area 110 on the disk 11. From SG 36, the HDC 23
receives servo data (SD) 37 for head positioning that
is acquired by decoding RS (reproduction signal) 39 by
the read/write channel circuit 22.

The CPU 24 is a main controller for the HDD, and
is a main element incorporated in a servo system for
executing control (servo control) for positioning the
head 12. Based on SD (servo data) 37, the CPU 24
controls a seek operation (track following operation)
for moving the head 12 to a target track on the disk
11. To this end, the CPU 24 controls the input value
(control voltage value) of a VCM driver 26B to thereby
control the VCM 15 of the actuator 14. The memory 25
includes a RAM, ROM and flash EEPROM (electrically
erasable and programmable read only memory), and

stores a control program for the CPU 24 and various

types of control data. The motor driver 26 includes a
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i ncl udes the degauss control circuit 213, degauss

signal generator 214 and degauss wite driver 215, in

addition to the read anplifier 211 and data wite

driver 212. The degauss control circuit 213 outputs 10

WG (wite gate signal) 45 to the data wite driver 212

in synchronismwith Ws (wite gate signal) 31 out put

fromthe HDC 23. WG 45 is usedld o control the output

of WE (recording current signal) 44 by the date wite

driver 212 to the magnetic head 12. \Wen outputting 15

WG S5M did vgggaeds aaohtiCy] doiirveui ©26BL3 Sepldms dhiever 262

data wite driver 212 with WD (wite data) 42

cor%ééﬁ@ﬁdltﬁ& SEMND 33ginslettp (ithef comtiied afad/har iGRY 24.

cha cui,t 22 The degauss control CIrCUIt 213

al s %M SrjEe @ Mrtléfe&att@esl Ghall® andeg tte control

degaus river 215 in synchronismw th WG 31.
%g ?Qgﬂggg ?o ‘control the output of WS 44 by the

degauss W H%s@fv\é%%%%%vte e Jmagpet J&E(ﬁ% i‘c‘[zjlﬁcult 21

When out putting e auss con o

213isupphkss thhe S [ 2 AT
(wr |lt e data) t46 & g%%\%/\ﬁ \Miltl gl gvmqt ch zﬁﬁgm\ﬁteﬁﬁu\ég

act sygnallayenteathe Qmacbhﬂed%gﬁh%s w&ﬁ%ed%@aW%% 215, in
control circuit 213 outputs a degauss gate 13 signa

(DGrddOttiont he degateadskagpalirgereratobndléataWen daG

40 is active, it designates a degauss node for
ellﬁrha@rnélﬁhe Fbei deghusagrehicsmlotitrhe inagnet icitputs
head 12 DG 40 is also used to control the generation

5 ofGa(Weghasgatraghanpe) f #él doekhri datiengy isiegadiver 212

ln synchronism with WG (write gate signal) 31 output
from the HDC 23. WG 45 is used to control the output
of WS (recording current signal) 44 by the date write
driver 212 to the magnetic head 12. When outputting
WG 45, the degauss control circuit 213 supplies the
data write driver 212 with WD (write data) 42
corfesponding to WD 38 output from the read/write
channel circuit 22.

The degauss control circuit 213 also outputs WG
(write gate signal) 47 to the degauss write driver 215
in synchronism wifh WG 31. WG 47 is used to control
the output of WS 44 by the degauss write driver 215 to
the magnetic head 12. When outputting WG 47, the
degauss control circuit 213 supplies the degauss write
driver 215 with WD (write data) 46. When WG 31 is
switched from the active state to the inactive state,

the degauss control circuit 213 outputs a degauss gate
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41, and the generation of a recording current for
degaussi ng based on DS 41 by the degauss wite driver
215. WG 45, WG 47 and DG 40 are exclusively output,
nanmel y, not sinmultaneously output. Accordingly, W 10
42, WD 46 and DS 41 are al so excl usively output and

not simultaneously output. Therefore, W5 44 supplied
to the head 12 always correspdris 40 only one of the
signals WD 42, WD 46 and DS 41. The degauss signa
generator 214 generates DS 15 (degauss signal) 41 as
a dedgauedi nPGdatdd siogrdle fomgavals minmialngereaatesi dual
magneti sm of the head 12, when a degauss node (in
whu@ﬁeDGD§04osl§cﬁp¢GV@e g.t, destidniagles evelggaliss mode for
assuned.. The degauss wite driver 215 is a wite
dri@gEmFSFt&QQa%§§iﬁ&sﬂﬁ@aﬁeE@GPEtlﬁw-mﬁéﬁhBGmﬂQnﬁtﬂmG

h | 1) the d te
o bEaRShR S R dp. lﬁsagf%orus\?ﬁée&@ mTﬁq;\g%Mg%”@
e us
write ??Ve?@ 555 (TATnEP &t st W00 waftff 91p Fodrad 403)
e a
driyer ghhCuhb %égeﬁf@rt&e&ﬁt Bt %&%\dig%lga%u%% gﬁ g

12. The degauss wite driver

dridegadidifyf baselr em each10bhetnn 4k %hsgs%rlg rlver
(recording current signal) 44 Output there if

14 21L6.riwcngsandcf a7l kag Dbaﬁ@Cb%él%&bQ%s1$%nyb%E®&t
and falling characteristics of W5 44 wi

descaibéy, i notdetaul thateuslkl Gutplti.s ﬁcbb&d&&gQ@arWD

illustrating, in 5 relation to a data format, the

rel 42i oiBhiip beOWBEN4WBare also exclusively output and
not simultaneously output. Therefore, WS 44 supplied
to the head 12 always corresponds to only one of the
signals WD 42, WD 46 and DS 41.

The degauss signal generator 214 generates DS
(degauss signal) 41 as a degaussing data signal for
eliminating the residual magnetism of the head 12,
when a degauss mode (in which DG 40 is active (e.qg.,
at high level)) is assumed. The degauss write driver
215 is a write driver for degaussing the head 12.

When DG 40 or WG 47 is active (e.g., at high level),
the degauss write driver 215 converts DS 41 or WD 46
into WS 44, i.e., generates WS 44 from DS 41 or WD 46.
The degauss write driver 215 and data write driver 212
provide a driver circuit 210 for outputting WS 44 to
the head 12. The degauss write driver 215 and data

write driver 212 differ from each other in that WSs

(recording current signal) 44 output therefrom differ
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44, W5 45 and DG 40, acquired assunming for reference

t hat degauss control is perforned by the prior art in

the HDD of FIG 1. In this case, it is presupposed

that the wite data format shown in FIG 2 is used. 10

In FIG 11, for facilitating draw ng, the signa
waveform of WS 44 corresponding to a wite data

section 116 is expressed as a lgattern in which a

singl e-frequency signal is repeated. Actually,

however, the user data 113 and ECC 114 in the wite 15

dat ANsELELHA D6 AP liadorched Aot ex isdriden z &hepatitsdmy and
different froma sinple repeated pattern. General head
anplffiaﬁéchFPé‘ﬁ'@F§eﬁé\%1§r$I PloWe 4fr mid lddievslescribed in
The&e oni, the rising period (Tr) 100A and falling

per F58°¢Tf }2166B of WS 44 corresponding to 20 the

wite data.sectiqn 116,. and the risi eriaod (Tr)

101A and%?§r|ﬁ%glﬁeﬁig&ﬂﬁﬂ% fes dft s t44ting, in

cor ading At g ectiqn 7.are al.l

den oS Lo eacn 8t et St S, o skt Petueen us

wavel or pspacagetiens 40 Lheudegauss ssaEhicor ot TR
25 include frequency, current attenuatlog

conthgtir deyanssandheroperisogdelr@b rakte pyatihan p HoWe s, in
these paraneters are not sufficient to degauss the

heath¢2HDD 45 FIG.i 3.po3si hhest basea Amrgnet ipeellupposed
will be generated fromthe head 12 toward the disk 11
evehhatt ehet nelbaddabk fhemdégabesnngnpFacGess, itshersely.
erasi ng_information already recorded on the disk 11
(thig gchalﬂedfgrefagmﬂétauﬁnggdmawinecomhbngﬁgnal

waveform of WS 44 corresponding to a write data
section 116 is expressed as a pattern in which a
single-frequency signal is repeated. Actually,
however, the user data 113 and ECC 114 in the write
data section 116 are recorded in a randomized pattern
different from a simple repeated pattern.

General head amplifier circuits have only one
write driver. Therefore, the rising period (Tr) 100A
and falling period (Tf) 100B of WS 44 corresponding to
the write data section 116, and the rising period (Tr)
101A and falling period (Tf) 101B of WS 44
corresponding to a degauss section 117 are all
identical to each other. 1In the prior art, the
waveform parameters for the degauss section 117 mainly
include frequency, current attenuation configuration
and/or period for attenuation. However, these

parameters are not sufficient to degauss the head 12.
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The inventors of the present application have found

that the head 12 can be further reliably degaussed by
controlling the rising period 101A and falling period
101B of a recording current waveform 10 For this

control, the head anplifier circuit 21 of the

enbodi nent enpl oys the degauss wite driver 215 for
degaussing, in addition to-thédXata wite driver 212.

The degauss wite driver 215 is configured to output,

as W5 44, W5 (a degaussing current signal as a second

15 tE&céFdragsebieerbhasi gnakpreaiicngluksivadlabe behkiraged
characterjstics different fromthose of WS (first
recbrafngheubrerdt 1¢i §RUPYdolibpudiskomlt REedard tari te end
driver 212, Sgecitically, t he degauss wite driver ,
215° uF%ﬁtgeg WPPLBICHFPERESsi GREFSRYVPRESANFoAgéPrI@tion

e FEEe BB BHCbIURAMO] FRn RRNhTind htbntar FRLL8F ver
212 bh5-0ableg foRiOEL fegayss ef fect than that

of the prior art”to be acquire Theoretically, it is

UnderSto@ﬂetEﬁﬁekh%rgagﬁekhéabE%@eﬂEQQEEHQQ%LQEnSﬁ e

25 of the small nagnetic domains o gnetic pole

canfiotindethat thet heagasy axhsbkf rhbeneirsi-agitahli ng
period of a recording current waveformis too short. -

16 dgbhagsssdtbe causeodiimgasteeridihgngeriod 101A and
non-recording. The control itself of the

ri sfagliagl payipdrilodd of a rstgndinganubeeeasivbyeform.
realized by a well-known technique. 5 Referring now

to Fr& thistpenbpetat Fn bBeaghemplifier circuit 21 of the

embodiment employs the degauss write driver 215 for
degaussing, in addition to the data write driver 212.
The degauss write driver 215 is configured to output,
as WS 44, WS (a degaussing current signal as a second
recording current signal) having rising and falling
characteristics different from those of WS (first
recording current signal) output from the data write
driver 212. Specifically, the degauss write driver
215 outputs a_write current signal having a longer
riéing period (Tr) and falling period (Tf) than a
write current signal output from the data write driver
212. This enables a higher degauss effect than that
of the prior art to be acquired. Theoretically, it is
understood that the magnetization directions of some
of the small magnetic domains of a magnetic pole
cannot return to the easy axis if the rising/falling

period of a recording current waveform is too short.
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enbodi nent will be described. FIG 4 is a timng

chart illustrating, in relation to a data format, the
rel ati onship between W5 (recording current signal) 44,
WG (wite gate signal) 45 and DG (degauss gate signal)
10 40. Wen controlling the wite process by the

read/ wite channel circuit 22 via the RAC CTL (bi -
directional control signal 1iné 32, the HDC 23
outputs Ws (wite gate signal) 33 and W6 31 to the
channel circuit 22 and head anplifier circuit 21, 15

r esPB&Ei +6| FheFgatser oft ke ASDCE2 JUgéngr ares NADorakine
data) 35 including user data transferred fromthe host
syst ﬁ1Caﬁareétﬁﬁﬁ§l¢tOﬁotbﬁerﬁé&@ﬁWﬁaﬂél@ﬁa@@Qlods of a
circuit 22 in Egnchronlsn1mnth 33. The read/wite

chann8la¢i Felli Pe2sa8hd8da8anb 288 LYo Bouepdr krowm HDC

23, uts the resultant data as WD 38 to the
aggﬁ%?apger circuit 21. The data format of WD 38

d h Gl an onpr.i a
L?e'an&”ék%%rtf%ﬁ R RO TS ey i SPOE TS e L 1S

andeppsyanbhe 151 W6 3dsewtpul. frg&bt hg 23 HD(E ?n%ntgo

the head anplifier circurt 21 is adjusted so

falthmgtt1nlﬁgtrStSMQ¢h&ﬁnré@atmbhhtbha CELR Eb&h@% OEhe
WD 38 output fromthe read/wite channel 17 circuit

22 relabeohehiipabptivkear Wei newkbradlngasurdeser shedal) 44,

above. The degauss control circuit 213 of the head

anpF¢f (eriteroate 2igoalputs WEIABGt edebeudat gawei teégnal)

S driver 212 in synchronismwth W5 31 output from HDC
40. When controlling the write process by the
read/write channel circuit 22 via the RWC_CTL (bi-
directional control signal line) 32, the HDC 23
outputs WG (write gate signal) 33 and WG 31 to the
channel circuit 22 and head amplifier circuit 21,
respectively. Further, the HDC 23 generates WD (write
data) 35 including user data transferred from the host
system, and outputs it to the read/write channel
circuit 22 in synchronism with WG 33.

The read/write channel circuit 22 encodes WD 35
output from HDC 23, and outputs the resultant data as
WD 38 to the head amplifier circuit 21. The data
format of WD 38 is identical to that shown in FIG. 2,
and comprises a preamble 111, sync mark 112, user data
113, ECC 114 and postamble 115. WG 31 output from the
HDC 23 to the head amplifier circuit 21 is adjusted so

that its falling timing is synchronized with the end

timing of WD 38 output from the read/write channel
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23. As a result, when the setting of a data-recording
node is designated by W6 31 in the head anplifier
circuit 21, the setting of a data-recording node is
designated by W6 45 in the data wite driver 212. 10
Further, the degauss control circuit 213 outputs WD
42, corresponding to WD 39 output fromthe read/wite
channel circuit 22, to the datl&/ w-Hte driver 212 in
accordance with the output of W5 45. The data wite
driver 212 operates when WG 45 15 output fromthe
deg&dssudsnlroltocitheuihearll 3mpd ifdeirveircliin e as
enbodi ment, at high level), thereby converting WD 45
f r oRFPRE1ERACBPPVRL3 i nto WS (recording current

si gnal ) i g? 44 is sent to the recaordi ng head
i ncor por a'8d SCFAITE FRGHEOLe Hesditr 214 of rtdeuihead n

i POBRAEA R P EEHunrTg St RuE S 0B 46) the p@f,t@r Zver&te
on BQ?VQESE 1lRy &H%h&%%gr gt%egg %ﬁ %pp m HDC

the wite a section as 1S

Th T 0 l
T s T T o 0 B

whenod& 45 dés@@hbf@dab? waenti ¢al the, nkak eXdMR!Ker
the rising period (Tr) 100A or 101A and falling period

18 c{¥tpit0DB, otha04BtetnYbod4acapkayedcordifg Riod@r is
art shown in FIG 11, respectively. In the
enbdds henatedabgué #hatnt hber datagwpéteodriTey and.
faIIing period (Tf) of WS 44 are defined as the
per Fedthangi Ahesdpeaueencontroilmeinhed tt Bé3avpkiputce WD
of W5 44 is 10% of
42, corresponding to WD 39 output from the read/write
channel circuit 22, to the data write driver 212 in
accordance with the output of WG 45.

The data write driver 212 operates when WG 45
output from the degauss control circuit 213 is active,
(in the embodiment, at high level), thereby converting
WD 45 from the circuit 213 into WS (recording current
signal) 44. WS 44 is sent to the recording head
incorporated in the magnetic head 12. As a result, in
the data-recording mode in which WG 45 is active,
write data corresponding to WS 44 (WD 45) is recorded
on the disk 11 by the recording head as the data of
the write data section 116, as is shown in FIG. 10.

The rising period (Tr) 100A and falling period
(TE) 100B of WS (first recording current signal) 44

when WG 45 is active are identical to, for example,

the rising period (Tr) 100A or 101A and falling period
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t he maxi num anplitude and the tinme when the anplitude
of W5 44 is 90% of the maxi num anplitude. However, in
FIGS. 4 and 6 to .10, for sinplification of the

draw ngs, the period rangi ng between the tinme when the
10 anplitude of W5 44 is 0% of the maxi mnum anplitude
and the tinme when the anplitude of W5 44 is 100% of
the maximumanplitude is set s Tr and Tf of WS 44.
The same can be said of FIGS. 6-10 described | ater.
Assune here that WG 31 output fromthe HDC 23 is 15
shi fiféd 08 lpirgh Ol elf WS 14w dmplelyechdmelthe fordmrt ket
active state &mhlch desi gnates the data recording
nmod&oF8 tRe Filfactlilve r§sRest ime lvhi s I rdie ﬁm@odlment

d t, 213 tches the state of
(o B e A s hien ) Siercr Bomicre [vdcAPds Tidiay agiod

20 Lawyl geely, 19 Lhe setive state (e g i g Level)

th t deS| gnat es the degauss

thebe@%@@%ﬁ%h‘éorﬂtﬂn@ WhlehCih 213 tl%utd@e %e%l[%%él 9na,

generator 214 and degauss Mﬁlte rlver

kepthenmbheémagt b¥@13tabe Loy %h%eﬁﬁﬁbnwm%r'Q%eb%nkn%tude
25 degauss control circuit 213. The CPU 24 may

desbnute44t ie peri od itheWhia&h mbfa é&p&it&@@t a@bM@%er, in
and inform the degauss control circuit 213 of it via

t heFHDE. 23 and@96 &nd 1AVPLGTL s3Apliilfiaetcabaande thet h a
command fromthe host system made by a user
opeflaBWdRISThehdepaus odsirgnglingebettaten 2hé gemer ahes the
DS (degauss signal) 41, used to elimnate the

r esPHRAL t5d ﬁa@ﬁeWﬁsﬁﬂoﬂstﬁé péadhe2makdmuhe adedatssie and

de |n [
o tYQe when the amplitude of WS 44 is 100% of the

maximum amplitude is set as Tr and Tf of WS 44. The
same can be said of FIGS. 6-10 described later.

Assume here that WG 31 output from the HDC 23 is
shifted from high level to low level, namely, from the
active state (which designates the data recording
mode) to the inactive state. At this time, the
degauss control circuit 213 switches the state of DG
(degauss gate signal) 40 from the inactive state (e.qg.
low level) to the active state (e.g., high level) that
designates the degauss mode. DG 40 is sent from the
degauss control circuit 213 to the degauss signal
generator 214 and degauss write driver 215. DG 40 is
kept in the active state for a certain period by the
degauss control circuit 213. The CPU 24 may designate
the period in which DG 40 is kept active, and inform

the degauss control circuit 213 of it via the HDC 23
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DG 40 output fromthe degauss control circuit 213 is
active. DS 41 is sent fromthe degauss signa

generator 214 to the degauss wite driver 215. The
degauss wite driver 215 operates in the degauss node

10 in which DG 40 is active, thereby converting DS 41
fromthe degauss signal generator 214 into W5

(recording current signal) 44.1%Note that the rising
period (Tr) 101A and falling period (Tf) 101B of W5
(degaussi ng current signal as the second recording 15

cur PBAt A¥PgRAL) 384 ier cclee dBBC40 wiid haet icpsmamel |formgerthe
thap the rising periods (Tr) 100A and 101A and falling
perFBEE EYFFenonBden8Y1018S6E MBes4td@pl-oyed in the
prior ar% sh%gn in FIG 11. In %eneral, the rising
period (TPf T6GRUSKd SI R 1I98RG H5dtod LUTRORMRIGE 5F DS
rec r di, rrent —are_ _about, 1 ns, sumn

ot QPRI RgTREY) Mg oSBPT 5s SHaRgE BE: hben Targdual
ti Lhe Lt of, th rrent 1s _10%of .the. .
nagﬁﬁ%ﬁggﬁ%ﬁi?Sggkgngggﬁeﬁzfiﬁg %ﬁgngfﬁgugﬁpmqﬁﬁdénigthh

90%a@f 4bheu Byt MELAS caBPLELHAS iy R bhe
enbodinent?agr 101A and belolg g?n§%%%4éggfﬁﬁﬁ gﬁgmls

t headegadss pei te idr ket £2:omMaBB BEg4QsisS saghlie are
| onger than Tr 20 100A and Tr 100B (and Tr 101A and

Tf gen8ranotrh2lprior thar tipgaasd aretsetirti@erf Q5. The

exanple, 1 ns to 10 ns. As will be described later, in

| i gReJ@¥ESsherieei drideicodl6f opheatesi duathengeetiusm afode

the, head 12, 5 the longer Tr 101A and Tf 101B, the

furiheyhich DG 40 is active, thereby converting DS 41
from the degauss signal generator 2;4 into WS
(recording current signal) 44. Note that the rising
period (Tr) 101A and falling period (Tf) 101B of WS
(degaussing current signal as the second recording
current signal) 44 when the DG 40 is active are longer
than the rising periods (Tr) 100A and 101A and falling
periods (Tf) 100B and 101B of WS 44 employed in the
prior art shown in FIG. 11.

In general, the rising period (Tr) 100A and
falling period (Tf) 100B of a recent recofding current
are about 1 ns, assuming that the rising/falling
periods range between the time when the amplitude of
the current is 10% of the maximum amplitude and the
time when the amplitude is 90% of the maximum
amplitude. 1In contrast, in the embodiment, Tr 101A

and Tf 101B of WS 44 output from the degauss write

driver 215 when DG 40 is active are longer than Tr
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advant ageous. The reason why an upper |imt is,
neverthel ess, set for Tr 101A and Tf 101B lies in the
following: Firstly, if Tr 101A and Tf 101B are set

| onger than necessary, the formatting efficiency of 10
the disk 11 is degraded. Mreover, the effect of
elimnating the residual nagneti sm does not
proportionally increase as -Tr 2001A and Tf 101B
increase. After a certain period el apses, the effect
does not significantly change. Accordingly, fromthe
15 Pefpsrat Tef 108Bmdenidng reflfildi encly Tfi 1018 in the prior
preferable not to set Tr 101A and Tf 101B too nuch

| on§&F 't haRITRTe166A &Rd fPr166BMPWS/ (Ledsr GPngl ns.

t si l.) 44, into, phi 41 i s, t b
current BA 88 Ao ABE L ER, 4113 camall by
i at . [ h th ic . head 12.
6 35850, EOCE PR g, Chehs TURl 6:1°W.

[ econdi ngnheadras1bhg dabardl 1hhg degaus, (egtion 117
e 1

subsequent "to the wit ata section as shown in

FI Gad¢anvbgb8ubG 40nksragkbewhihds, ubBe?51ih8t is,
degaussi ng node in which DG 40 is active, data

cornespondebgstp tbe degavssisent kel tE71bsprecesded the

on the disk 11 by the recording head in accordance 21

wi t foWBoyirgor dingstiliyy enf Sirghallp 4AdcOfr espendirag ska

DS 41. In the enmbodi ment, the frequency of W5 44 is

set LORgerf bhapxafapresatgo Mg fommatyihe eEfi0imsry of

when DG 5 40 is active. Further, the period in which

DG apejdisk 11 is degraded. Moreover, the effect of
eliminating the residual magnetism does not
proportionally increase as Tr 101A and Tf 101B
increase. After a certain period elapses, the effect
does not significantly change. Accordingly, from the
viewpoint of formatting efficiency, it is preferable
not to set Tr 10l1A and Tf 101B toco much longer than Tr
100A and Tf 100B.

WS (recording current signal) 44, into which DS

41 is converted by the degauss write driver 215 when
DG 40 is active, is sent to the recording head of the
magnetic head 12. WS 44 is then recorded on the disk
11 by the recording head as the data of the degauss
section 117 subsequent to the write data section 116
as shown in FIG. 4, while DG 40 is active. Thus, in
the degaussing mode in which DG 40 is active, data

corresponding to the degauss section 117 is recorded

on the disk 11 by the recording head in accordance




10

15

20

25

active is set to a multiple of the cycle of W5 44
during the period, for exanple, twice the cycle of W5
44 (i.e., 20 ns). In this case, while DG 40 is

active, data corresponding to W5 40 of 100 MHz is 10
recorded on the disk 11 as two-cycle data contained in
t he degauss section 117. Tr 101A and Tf 101B of W5 44
when DG 40 is active are set tol 1+t0o 10 ns, which is

| onger than Tr 100A and Tf 100B of W5 44 assumed when
DG 40 is inactive. 15 By recording, based on W5 44,

dat ¥1&E8r WSs gaedionglinto Auire eddgatisgadectdforeotrz spand i@ to
40 is tive, the magnetization direction of each
smaPP gnetic domain of the magnetic pole of the

i o whod KT FERGITIRG L ot it CRBERaef 196 dfodid Lo set
ACCREAT BYLY o it TNt it t]
por Fof md) & eRE A 3 Poth ol 11> RaNE bridy dud Yo WRe DO

degayssikngcrede . enghles the thfeeiaieqli%'éi 'I?lggﬁutii&mn?f 48 s

head 12 to be efficiently elimnated, enhances

t headegausskngeel teck. mdd tERNeeH et R S19CYrdiad 44
frequency of the degauss section 117, it is necessary

to detingethycbertot,| €8% okhapikhe tsd@eoftnEr 1RIA ¥ ys
Tf 101B. 22 Referring to FIG 5, the degaussing

ef f éét (wi. kL., B8 descri hedthIbkecaeentbrigdeoDat e is

present application have detected the frequency of a

recdftivg, data epasespophéngmerois dAusdd 19y Mie is

residual 5 magnetismof the recording head, in units

of B%FP68§d on the disk 11 as two-cycle data contained in
the degauss section 117. Tr 101A and Tf 101B of WS 44
when DG 40 is active are set to 1 to 10 ns, which is
longer than Tr 100A and Tf 100B of WS 44 assumed when
DG 40 is inactive.

By recording, based on WS 44, data corresponding
to the degauss section 117 when DG 40 is active, the
magnetization direction of each small magnetic domain
of the magnetic pole of the recording head can be
easily aligned with the easy axis when this recording
process is finished. Accordingly, in the embodiment,
a write operation performed in the data recording
mode previous to the degaussing mode enables the
residual magnetism of the head 12 to be efficiently
eliminated, i.e., enhances the degaussing effect.
Concerning the recording frequency of the degauss

section 117, it 1s necessary to set one cycle not less

than the sum of Tr 101A and Tf 101B.
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Tr and Tf of W5 44 by varying the periods Tr and Tf.
FIG 5 is a graph illustrating the occurrence ratio of
recorded-data erasure in units of periods Tr and Tf.

As is apparent fromFIG 5, the longer Tr and Tf, the
10 lower the occurrence ratio of recording data

-erasure. This neans that the longer Tr and Tf, the

hi gher the effect of elim-+natizhg +he residua
magneti sm of the recording head. However, note that
when Tr and Tf are set to a certain length or nore, a
reduct i oReffentiendl 5 diF r encehraatdayanfs g iaoprelf frtdatal 1
erasure is reduced. Therefore, as described above, it

i s B6t deecaidady t FhesénvEntams T ttde mussdrong.

Thus, Hhhe enbodlnent can further enhance the

cond® l&ﬁQlQ¥ @FQ%%H%%§§Kh§rQQﬂ§ﬂQMrﬂf a recording
perforned he resi dual magneti sm of the 20
reco?éln&rﬁ€§§edﬁpﬁﬁ§“§nﬁ8n SUSEH Y (S dsidual

Fur t odi . sayre .or better
advg‘ﬁggﬁélgé“ tér% t%ﬁ% %en%%trﬁéngr %gradgft Cah e £&qRseeds
t herpeb r evente r I Hr Li
efngléﬁ?y?¥eggnwgquh§?u§%l%g ggr s ?g%ha?%bﬁﬁ:§§ﬂﬂTf

25 FeGa waligeal gs_@phhqn1@%@%t§919n%he“&'c@ﬁfr%r{c%q‘£art§% of

in the prior art. In the enbodiment, to easily swt

 therapdedetedrta2drakheedahauneeer @lfn?yeﬁfﬁ@%lst ad g TF.

degaussing node, two wite drivers of different

ri shagifkakbpagenthdract €IiGst i56S thie. @onglelte TdatamdMTif, € the

driver 212 and degauss wite driver 215, are used to

suppPyenstha pecBrrhacangastioc offeadcozdiHgweladn, exrasure.

S|n%Ie wite driver

his means that the longer Tr and Tf, the higher the

effect of eliminating the residual magnetism of the
recording head. However, note that when Tr and Tf are
set to a certain length or more, a reduction in the
occurrence ratio of recording data erasure is reduced.
Therefore, as described above, it is not necessary to
set Tr and Tf too much long. Thus, the embodiment can
further enhance the conventional effect of suppressing
recording performed by the residual magnetism of the
recording head during a non-recording period.
Further, in the embodiment, the same or better
advantage as or than in the prior art can be acquired,
thereby preventing a reduction in formatting
efficiency, even if the period for attenuation is set
to a value less than about 50 ns, which is required in

the prior art.

In the embodiment, to easily switch the mode from
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can be used instead of the data wite driver 212 and
degauss wite driver 215. In this case, it is
sufficient if the single wite driver can quickly
switch the rising/falling characteristics of W5 44 10

when WG 45 is switched fromthe active state to the

i nactive state. [First Mddification] Referring to FIG
6, a first nodification of th&3 above-descri bed

enbodi ment will be described. FIG 6 15 is a timng
chart simlar to FIG 4, in which the relationship

bet Wbendasasse B4 BgamddBGt40 tihe slegwussimg elcate,otwo

to a data fornmat. In the above enbodi nent, W5 44 has

a cYrdtantramsist ode difderens odsiag/ifelddmiove. In
contrast, in.,the first nodification, 20 W5 44 when DG

40 FRAZBLFGELIELIES, WBe44 E&Fr 885enditife CFiNST4R) 2haqd
an Li.tude _envel ope sh inwhich the anplitude is

i ngg?!ﬁysgr W& 5Gn SRtV Er A PERaliSy e honSUEmidalsy 44 to

gfeCEﬁ@Sﬁggnlereifc h%aﬁpqizf.i Catl, Qe TT o Jsgéxéll%n‘azr-gft 1008 er

W5 44 wnen DG IS active are set ongér tThan

Tr 380Acandsth 16ABeal WE 44eCaiasRRNFNg it MWD 145 404

as in the above enbodi nent. That is, the_flrst
noddéyeaksonriigcagaiiveed 20y .- 24 tEARDIAIsRY tike jabove

enbodi nrent with one paraneter "attenuation
contuffitat ean” i fwhhehsiagilechuded dritke cpar BlCaNs
-(1) frequency, (2) period for attenuation and (3)
at t enihchobheonfisgogdfeddingnphayedtieritshacs pifi @S @t
for attenuating the recording current to
when WG 45 Is switched from the active state to the
inactive state.

[First Modification]

Referring to FIG. 6, a first modification of the
above-described embodiment will be described. FIG. 6
is a timing chart similar to FIG. 4, in which the
relationship between WS 44, WG 45 and DG 40 is shown
in relation to a data format. 1In the above
embodiment, WS 44 has a constant amplitude when the DG
40 is active. 1In contrast, in the first modification,
WS 44 when DG 40 is active (i.e., WS 44 corresponding
to DS 41) has an amplitude envelope shape in which the
amplitude is linearly or exponential functionally
monotonically decreased. In this modification, Tr
101A and Tf 101B of WS 44 when DG 40 is active are set
longer than Tr 100A and Tf 100B of WS 44 corresponding

to WD 45, as in the above embodiment.

That is, the first modification is acquired by
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enhance the effect of degaussing the recordi ng head.
The first nodification better enhances the degaussing
effect than the enbodi nent, by virtue of the features
of W5 44 when DG 40 is active. W5 44 is characteri zed
10 in that Tr 101A and Tf 101B are | onger than Tr 100A
and Tf 100B, and that the anplitude of W5 44 indicated
by the anplitude envel ope shap! i s~ nonotonically
decreased. It is a matter of course that the above
enbodi nent can be conbined with a paraneter, such as
15 cPRBdnéngy theorhenet halbotdheleaﬁomtrkemeorpeﬁ:amm;er

e., _the attenuation shape of W5 44 when DG 40 is
actu@étenpﬁttlﬁ@ eRafploaret ipnG, &hiwherdsD@MOuded in the
active, four- cycle data correspondlng to W5 44 of 100
Mz PPEETEEEERdSd Ton FEREVGTSH 111 2s e adhti fofa tigauat i on

117. t.h b d bed
R A o e g R

fo PhEogara s Pe 2t reR a1, Thas Yeort i ek o
i's aghh¥ee w§e4éf%§c906&eaggwgs%gn 0+ YR %%dfiéiﬂy ﬁ%§§

t he magnetic head econes i nac

40 TEeSWikeheflot9fithe 186! b¥e takakenivdelle tdRIMIZussing
control circuit 213. 25 At this tinme, the degauss

SIgeﬁfegenehahoth%lémbeﬂd&endeg@95&1&&@%abfD$h%1ﬂé&tures
t he degauss wite driver 215. As a result, when DG 40

is attWoedd\Bhda DOr hespendcngveDSANSI g4sent chardterized
magnetic head 12. As described 5 above, in the
enbddi feat BAd1PLAsendpditf LOABi eme Woheger than Tr 100A

and Tf 100B, and that the amplitude of WS 44 indicated
by the amplitude envelope shape is monotonically
decreased. It is a matter of course that the above
embodiment can be combined with a parameter, such as
“frequency”, other than the above-mentioned one, i.e.,
the attenuation shape of WS 44 when DG 40 is active.
In the example of FIG. 6, when DG 40 is active, four-
cycle data corresponding to WS 44 of 100 MHz is
recorded on the disk 11 as the data of the degauss
section 117.

In the above-described embodiment and first
modification, when WG 31 is active, the degauss
control circuit 213 outputs WD 42 to the data write
driver 212. As a result, when WG 31 is active, WS 44
corresponding to WD 42 is sent to the magnetic head
12. When WG 31 becomes inactive, DG 40 is switched to

the active state by the degauss control circuit 213.
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DG 40 is active, W5 44 is generated based on DS 41
generated by the degauss signal generator 214

i ndependently of WD (wite data) 42. Using W5 44

based on DS41, data corresponding to the degauss 10
section 117 is recorded. [Second Mdification]
Referring then to FIG 7, a second nodification of

the enbodinent will be deseritzed. -FIG 7 is a timng
chart simlar to FIG 6, in which the 15 rel ati onship
between W5 44, WG 45 and DG 40 is shown in relation

to Atdahasf oimet. thkedsgeond mudnbilcaenematibs 214 sends
characterized in that part of the end portion of the
posfagBres1859nAalt RE Wi te Hheadsgetisenwiibei siriysed215.
as the degauss section 117. Therefore, in the 20
sec%ﬁdanﬁgFFﬂEatweﬁn P8 49 is aGitivRed By 4theompespgnding

Ee.actlvg tate to the inactive_state at sone
porﬁ%% of fﬁ@ pggtﬁ @aﬁTStanh§2ﬁcH?on|§ﬁ1ﬂﬁ§ﬁrﬂﬁéd
con% gl?cu¥%; @b%ﬁ% Pheapﬁg%gFgg @%QﬁglFB ﬁgsgﬁhen
actb@e4§t§ge 8t 5@IeuBOLL! 20 gfy g@gtegSBQWEEGO%lés 41

Slnultaneous IS swmt egauss
con@é@érgtéQpr 243 aéaahgaesﬁgkbye shatgthe ?E@ 26
inactive state at some”portion”of Re postanble 115

DG ﬂ@deﬁesmhﬁmydofowbh¢wtma§taaeasﬁt abe apsthg w@dmf
the postanble 115. As a result, when WG 45 is active,

datbasedooneésehdldgtaocbhEeapeadnaggtagtﬁéodéghass
start of
section 117 is recorded.
[Second Modification]
Referring then to FIG. 7, a second modification
of the embodiment will be described. FIG. 7 is a
timing chart similar to FIG. 6, in which the
relationship between WS 44, WG 45 and DG 40 is shown
in relation tola data format. The second modification
is characterized in that part of the end portion of
the postamble 115 in the write data section 116 is
used as the degauss section 117. Therefore, in the
second modification, WG 31 is switched by the HDC 23
from the active state to the inactive state at some
portion of the postamble 115. In synchronism with the
switching of WG 31, DG 40 is switched by the degauss
control circuit 213 from the inactive state to the
active state at some portion of the postamble 115.

Simultaneously, WG 45 is switched by the degauss

control circuit 213 from the active state to the
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the wite data section 116 to sone portion of the
postanbl e 115 of the wite data section 116 is
recorded in accordance with W5 44 generated from WD 42
by the data wite driver 212. Wien WG 45 is switched
10 to the inactive state, and DG 40 is switched to the
active state, data is recorded in the follow ng

manner. Nanely, in accordance 4 th W5 44 gener at ed
fromDS 41 by the degauss wite driver 215, data
corresponding to the area ranging fromsone portion 15
to tRecéAdeobtele postsams @ort3 cof atheher igestdattdle 115.
section 116 is recorded as the data of the degauss
secPPoA0117. STAtEheA 4Rd the lopBtévewstate at the end of

correspaondin t degauss section 117 in the
pos%gﬁbpg ff%b; 15§t 20 | onger than Tr 100A and Tf

100B by H%e d(;%%%gsc \An%"g]fe% i%erlstzgctrjécc,gr [ ngI Y,

also in e sécon

nage@EkégbBBdﬁhgoggth%Zar%%Prg%ﬁ§%%l%fg%lﬂﬁe start of

el i m nated. Mor ver Sl nce

nodthecakies, dhha degayss 386t iken sbhd Ip%r%idnngdfuct?%

in the postanble 115, it is not necessary to

i ndependebledegauss seet ventdldaakt eedthen nast 8.J§b| e
115 (wite data section 116), which differs - 27

f ronechedédr $h aodbtdeatieonitAswWa mestherbm%dSQQQﬂdWD 42

nodi fication further enhances the formatting

ef fPEi theydatat heitdeskriver| Zhkrd Bhbkodin®edts] is switched
to the inactive state, and DG 40 is switched to the
active state, data is recorded in the following
manner. Namely, in accordance with WS 44 generated
from DS 41 by the degauss write driver 215, data
corresponding to the area ranging from some portion
to the end of the postamble 115 of the write data
section 116.is recorded as the data of the degauss
section 117.

Tr 10lA and Tf 101B of WS 44 corresponding to the
degauss section 117 in the postamble 115 are set
longer than Tr 100A and Tf 100B by the degauss write
driver 215. Accordingly, also in the second
modification, the residual magnetism of the head 12
can be efficiently eliminated. Moreover, since in the
second modification, the degauss section 117 is
included in the postamble 115, it is not necessary to

add the independent degauss section 117 after the

postamble 115 (write data section 116), which differs
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Referring to FIG 8, a third nodification of the

enbodi nent will be described. FIG 8 is a timng

chart illustrating the rel ationship between W 44, WG

45 and WG 47 in relation to a data format. Like the
second nodi fication, the third nodification is 10
characterized in that part of the end portion of the
postanble 115 in the wite datad/ section 116 is used as

t he degauss section 117. The third nodification

differs fromthe second nodification in that in the

f or feon tthe datrs twmiadd fddardon212 Fang degallss, whd esekfond
driver 21.5 generate W5 44 using WD 42 and WD 46

cor F‘@%éﬁ@laﬁgloﬁ”o f\ap t3@ ro eindwgn cferso rahteh & qraed/timia e

chan circuit 22 to the degauss control circuit 213,
resﬁgéﬂFﬁgpfy Recdtd fg1S Lln the third nodification,

when WG 31l is.s ched fromthe active state to
t he i nactl| rdstEé[thgdf‘ HDC 23 at some portion of

oo B Al MR 0 9
Speehbbeaieke 1091 $R0RMSS IR0l WidC b 213 Liming

si mul t aneously swtche

i naghbye stateraiddihbe taet e 2 t3ldls®iy Wén"@\ié’ 44N uG
synchronismw th the switching of W53l to

i naebi wadstiat €7 Eur treert ivheroNe 4428 fdr&la&C.t I \ﬁLket hane

degauss control circuit 213 outputs, to the degauss

wr i secdnidverd2iicaVibodt tcoet ahied modBi3Gitiand is

corresponding to the remaining data of the postanble

115chprachesimedi fincahiacnpaDG 4 ithealenalyportion of the
postamble 115 in the write data section 116 is used as
the degauss section 117. The third modification
differs from the second modification in that in the
former, the data write driver 212 and degauss write
driver 215 generate WS 44 using WD 42 and WD 46
corresponding to WD 38 output from the read/write
channel circuit 22 to the degauss control circuit 213,
respectively.

Accordingly, in the third modification, when WG

31 is switched from the active state to the inactive
state by the HDC 23 at some portion of the postamble
115, not only WG 45 but also WG 47 are controlled by
the degauss control circuit 213. Specifically, the
degauss control circuit 213 simultaneously switches WG
45 and WG 47 to the inactive state and the active

state, respectively, in synchronism with the switching

of WG 31 to the inactive state. Further, when WG 47
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5 kept inactive, which differs fromthe second

nmodi fi cati on. Whether the degauss control circuit 213
should switch W6 47 to the active state as in the

third nodification, or switch DG 40 to the active

state as in the second nodification can be desi gnated

10 by sending a conmand fromthe CPU 24 to the circuit

213 via the HDC 23 and AMP CTIZ80.-1n the third

nodi fication, when Ws 45 is active, data

corresponding to the area ranging fromthe start of

t he 1@r ieicd igat, a tdec tdema ukks domtsanie qiorduidn Adf3 theeputs, to
postanbl e 115 of the wite data section 116 is

r ec 5PGe €97 UgEc drrddite Sl BAvier \A8 544 Wherfer atced Hirmd WD 4D 38
by the data wite driver 212. In contrast, when WG 45

| s &Rtk CREFSEENRE NN EQ e LEed Ty We b7 qfs the

h d t t t
PEREGIERS damnor - nebiiry o SR g oty o ARy
L t
SLE&E% BT SATE PR 24P 800 A

reCﬁB@@@l@%tﬁ%% daf @h frhe pde ron]vé#ﬁgﬂxﬁ}f#fkgig 213

accordance with Ws 44 generate

degauss 19 isive tdhi wer 42150 the %%%qfv@ %&aftfee%e'lw e
the postanble 115 is set constant fromthe start to

t hetemddofiothe€ ica?29 onpr eanbid t che@@ dicess afhamiritiare

t he degauss section 117 is included, which differs

froftehe secdnd thepdietionat modli fHmamien, cBn 1@l AemidirEted

101B of W5 44, which is generated fromWD 46 by the

degQMs§eﬂF#PQ a command from the CPU 24 to the circuit
213 via the HDC 23 and AMP_CTL 30.

In the third modification, when WG 45 is active,
data corresponding to the area ranging from the start
of the write data section 116 to some portion of the
postamble 115 of the write data section 116 is
recorded in accordance with WS 44 generated ffom WD 42
by the data write driver 212. 1In contrast, when WG 45
is switched to the inactive state and WG 47 is
switched to the active state, data is recorded in the
following manner. Namely, data corresponding to the
area ranging from some portion to the end of the
postamble 115 of the write data section 116 is
recorded as the data of the degauss section 117 in
accordance with WS 44 generated from WD 46 by the
degauss write driver 215.

The recording frequency of the postamble 115 is

set constant from the start to the end of the
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5 driver 215 and used for recording data correspondi ng
to the degauss section 117, are set |onger than Tr
100A and Tf 100B of WS 44 generated by the data wite
driver 212, as in the enbodi ment and first

nodi fication. This being so, the residual nagnetism 10
of the head 12 can be efficiently elimnated w thout
usi ng a special data signal- (B9 41 for recording data
corresponding to the degauss section 117. Moreover,

as in the second nodification, it is not necessary to
addPrRéM®e§aussIsaciliess PE7 whigatheirs thed slsgadess ssfcttifom

15 wite data _section 116. Accordingly, the third
nodilfi’ cafi 6RCAMEE JenWRACEs Al ey rﬁgm A eefigirshcy

f the.di,sk 11. It i t t t the third
A BRAREEEH 1hBes Hobearay 15 dgih: anen g S doda oF WS 44,
i . ] ) 0 [F t di.fi i ,
pof AR AT 8RR AEEy SRk Wl MRt I ae yrrice
nmbadi t izl | i . FLG. i tim .
CTOGEATES ] b BRI L 15 P

bet wgeph¥Bqddau6 42caREnDP140 iaseShWn 1idhdes! atdQ 1,0
25 a data format. The fourth nodification i's

chareoheahgedri nobRabrt ke wavegedl rid 4 HierdAlRE Pyrite
the degauss write driver 215 when DG 40 is active is -

30 dnovea 2qdar eswawe thet eabbdiargtl andvdde.std n this

case, even if the frequency of W5 44 when DG 40 is

act hodifscagdah -t oThhat benngf sp, exhmplres itthe If imraginetism

nodi fication (see FIG 6), Tr 101A and Tf 101B of W5
of the head 12 can be efficiently eliminated without
using a special data signal (DS 41) for recording data
corresponding to the degauss section 117. Moreover,
as in the second modification, it is not necessafy to
add the degauss section 117 that is iﬁdependent of the
write data section 116. Accordingly, the third
modification also enhances the formatting efficiency
of the disk 11. It is apparent that the third
modification does not always require the degauss
signal generator 214.

[Fourth Modification]

Referring to FIG. 9, a fourth modification of the
embodiment will be described. FIG. 9 is a timing
chart similar to FIG. 6, in which the relationship
between WS 44, WG 45 and DG 40 is shown in relation to
a data format. The fourth modification is

characterized in that the wave of WS 44 generated by

the degauss write driver 215 when DG 40 is active is
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5 44 can be nmade longer than in the first

nodi fication, as is apparent fromFIG 9. As a
result, the residual nmagnetismof the head 12 can be
further efficiently elimnated. [Fifth Enbodi ment] 10
Referring to FIG 10, a fifth nodification of the
enbodi nent will be described. FIG 10 is a timng
chart similar to FIG 6, im wiilch-the rel ationship
between W5 44, WG 45 and DG 40 is shown in relation to
a data format. The fourth nodification is 15

chanatt er sgedrenvwelat bule awave aoul\Bradagener dredhidy
the degauss wite driver 215 when DG 40 is active is
not C858quVenwade that faS8NRECHaPE. WPn 4thibepadE, 48vén
if the,frequenc f W5 44 when 40 is activ
equaFgfgetﬁﬁteﬂﬁ 9f&P ERahpie; EG% £rrEP ﬁmdF$|c§ﬂF5ﬁ

S8 near Bhui SRR PRE-T Pt hoareh 8%9.“5#4 o, B ws
TRgoet Fam oF ERE g et g K Pl Eteryton

e"Hb”ﬁEegppawgﬁgoYQBm Y44 gof @ssbn§e§@1% C%ﬂeh§%%1dual
m nimum 25 rising/falling inclinations, and can

m nngyAetiBR oBvehshaehdl eyekanTbes ruR@ASrt BEtrithently
occurrence itself of the residual magneti sm can be

suppiemsedted.31 |In general, in the data-recording

node, to secure a recording current sufficient to

reliably[FééshdEagodimeptihe recording head, the

recording current is |ntent|onall overshoot. However,

in the dg@§@§§ﬁﬁg to FIG. f{fth modification of the
embodiment will be described. FIG. 10 is a timing
chart similar to FIG. 6, in which the relationship
between WS 44, WG 45 and DG 40 is shown in relation to
a data format. The fourth modification 1is
characterized in that the wave of WS 44 generated by
the degauss write driver 215 when DG 40 is active is
not a square wave but a sine wave. In this case, even
if the frequency of WS 44 when DG 40 is active is
equal to that in, for example, the first modification
(see FIG. 6), Tr 101A and Tf 101B of WS 44 can be made
longer than in the first modification, as is apparent
from FIG. 10. As a result, the residual magnetism of
the head 12 can be further efficiently eliminated.
Moreover, WS 44 of a sine wave can have minimum
rising/falling inclinations, and can minimize the

overshoot level. This means that the occurrence

itself of the residual magnetism can be suppressed.
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to intentionally overshoot the recording current. In
light of this, even where a square wave is used for W5

44 as in the enbodinment and the first to third

nodi fication, if the degauss wite driver 215 reduces

10 the overshoot |evel of W5 44 in the degaussi ng node

in which DG 40 is active, -t héldegaussi ng effi ciency

can be better enhanced. Additional advantages and

nodi fications will readily occur to those skilled in

the art. Ifthgeekoré, 115 theedaneemkeicordimg tmoder,oadersecure
aspects is not limted to the specific details and

r ep? eseqeadine enbodnteausfishent &ndreédebilyedecord data
herein. Accordingly, various nodifications may be
rmd}éyv\F}PﬁoH?C@éﬁéFlﬁl Rgafy ofhehEecepring 6RrEes e 16f

t he, entive Eoncept as 20 de

bR EPar LY aRESEABPP CaquiOHPERES . 190 CiRafepgassing
Ah dISE wﬁicﬁ E&agoagglg k§580|ﬁguhg Rg %%%essary to

drive having a recor head mh

”Hgﬂﬁééﬁéibﬂal£90869§sHBE€ Phed rEE??@Ehgd@h§Eeﬂ%d'“Th

conprising: s a driver circuit configured to supply,

in piglat aofr e di BgeADPRerkhg L8GALEI REvRead W@EQ For WS
recording current corresponding to wite data and

seryingsasnathéi efbotierendi BgdcHhEeRt rs@ndot @hsuppl v,
in a degaussing node, the recording head with a

degeodsingati6ngui fenhesdeybangsasrateedendere@andiregiuces

current, the second recording current having a rising

perike anerahoot level of WS 44 in the degaussing mode in
which DG 40 is active, the degaussing efficiency can
be better enhanced.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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falling period set |onger than a rising period and a
falling period of the first recording current; and a
control circuit configured to control switching is
fromthe data-recording node to the degaussing node to
control the driver circuit. 2. The head anplifier

circuit according to claiml1, wherein the driver

circuit includes: a first wit¥ driver configured to
generate, in 20 the data-recording node, the

recording current corresponding to the wite data and
serving as the firstWHAEokdi A§AEYMEPeAB;: and a second
first wite driver configured to generate, in the
degauss rode? tHeUegHUssi ity Qirrehtt D iy aghard
the second . .recording current. 3. The head anplifier,

ci r &g E&é{redi?’ﬁdlf% 3¢ PSS 1 10y RS Whamdy st cally
generator, configured to 33 .generate, i.n the degauss .
TodE S8 ASgSA5E RY dars ST BEdal e BSHER FBEaGH S
wite driyvey.. rat ; ' ent . T
head anpﬁi?Fé%%%ff?ﬁ$$”§22%¥gﬁ'g tgiq%)gﬁgﬁﬁgé,f% aca

wheraicBrdihg &eRk!Olnel HeWdlr SWt HReS 3 :14803USS YA Ei ng
signal to an active state when a wite gate signal as

an exteenal csirgeabonsEdqt @cdesiigrat@tthedatsrving as a
recording node is switched to an inactive state; and

10 fhessecerndruinge chrireart ,ganer atoes uphd yJedaussi ng

current corresponding to the degaussi ng data signal,
degaussing mode, the recording head with a degaussing
current serving as a second recording current, the
second recording current having a rising period and a
falling period set longer than a rising period and a
falling period of the first recording current; and

a control circuit configured to control switching
from the data-recording mode to the degaussing mode to
control the driver circuit.

2. The head amplifier circuit according to
claim 1, wherein the driver circuit includes:

.a first write driver configured to generate, in
the data-recording mode, the recording current
corresponding to the write data and serving as the
first recording current; and

a second first write driver configured to
generate, in the degauss mode, the degaussing current
serving as the second recording current.

3. The head amplifier circuit according to

claim 2, further comprising a generator configured to
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based on the degaussi ng data signal, when the degauss
gate signal is in the active state. 5. The head
anplifier circuit according to 15 claim 1, wherein:
wite data of one sector to be recorded to the
magneti c di sk nedi umincludes user data and a
postanble that forns a rear end of the wite data; and
the control circuit switches t3% head anplifier 20
circuit fromthe data-recording node to the degaussing
node when part of the postanble is recorded on the
magaenesatesk imedhendeghaissbyodec ordideg aussaingi 9@ tgar t
of the postanble on the magnetic di sk nedium based on
t heSdegadsssRE vherehthegfEPRCeH Ty ot HE 1feiygenggrates the
cirguit. 6. The head anplifier circuit according to
cl afAP8USRABPeCHITA he degaussi ng node, the driver 34

circuit generates, t he , aussi ng .current, ..a
Cborti naC oo R teatt At SR M Hetieaiho o
of .post aphl .7Z.. The head anplifier circuit
acc%?gﬁﬂg§{oag§§gﬁérn1l, wherein the driver circuit

gradual | yheallepuahes ibhe ideGaTIHAG GUHRAlLIL gate
nonotoni cally decrease an anplitude of the degaussing

curgeghali Rdi gat adthycartaneelope shapetef gat® signal as
degaussing current. 10 8. The head anplifier circuit

accandergetraalckagmal, uskelr eion diebe glkiteerthel Kautiat-
generates a

recording mode is switched to an inactive state; and

the second write driver generates the degaussing
current corresponding to the degaussing data signal,
based on the degaussing data signal, when the degauss
gate signal is in the active state.

5. The head amplifier circuit according to
claim 1, wherein:

write data of one sector to be recorded to the
magnetic disk medium includes user data and a
postamble that forms a rear end of the write data; and

the control circuit switches the head amplifier
circuit from the data-recording mode to the degaussing
mode when part of the postamble is recorded on the
magnetic disk medium, thereby recording remaining part
of the postamble on the magnetic disk medium, based on
the degaussing current‘generated by the driver
circuit.

6. The head amplifier circuit according to

claim 5, wherein in the degaussing mode, the driver
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recording current of a triangular wave or a sine wave
as the degaussing current. 9. The head anplifier
circuit according to 15 claim 1, wherein the driver
circuit sets an overshoot |evel of the degaussing
current as the second recording current |ower than an
overshoot |evel of the first recording current. 10. A
hard di sk drive with a recerdi3dg kead used 20 to
magnetically record data on a magnetic di sk nmedi um
conprising: a disk controller configured to designate
a datacuitcoedengtapdeatotheedepdiingingi rerdand ol t he
magneti c di sk medium and 25 a head anplifier circuit

i ncredPrgiagdenyeentcrpeupsrandiagcsat £oe Err@dining mart
driver circuit being configured to 35 supply, in a
dat%frEE%rHPﬁﬁaﬁﬁé§ the recording head wth a

di d
Serving s a! bﬁgﬁé%ﬁgﬁpﬁdggﬂFﬁ%ﬁﬁﬁkéﬁgcp Uil
in élQfgafssaﬂgrggﬁethghsra@ggf@ g8, 080 015 @

degau33| ng curre serving as a econ ecor

Cur£€Bénu59§sSEHQ”Qe&QEQE@hBQcﬁ%&%ﬁﬁttBaﬁbﬁ%t%nEEQHE%
period and a falling period set |onger than a rising

per iedrafdeaahabmpngcpgei o¢ ehet ReghukStn Pe%@&@b%&

current, 10 the control circuit being configured to

coniﬁ@icsmeaCByngnféaﬁbubgedahapée©@rdh@gd@@das@Qng
current.

8. The head amplifier circuit according to
claim 1, wherein the driver circuilt generates a
recording current of a triangular wave or a sine wave
as the degaussing current.

9. The head amplifier circuit according to
claim 1, wherein the driver circuit sets an overshoot
level of the degaussing current as the second
recording current lower than an overshoot level of the
first recording current.

10. A hard disk drive with a recording head used
to magnetically record data on a magnetic disk medium,
comprising:

a disk controller configured to designate a data-
recording mode for recording write data on the
magnetic disk medium; and

a head amplifier circuit including a driver
circuit and a control circuit,

the driver circuit being configured to
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t he degaussing node to control the driver circuit. 11.
The hard disk drive according to claim10, wherein

the driver circuit includes: 15 a first wite driver
configured to generate, in the data-recordi ng node,
the recording current corresponding to the wite data
and serving as the first recording current; and a
second first wite driver confijgured to 20 generate,

in the degauss node, the degaussing current serving

as the second recording current. 12. A nethod of

el | AURBEYNgia PeSPdBaremagiéndsmodss AhreEsrairAdnlelead
the recording head being used to magnetically record
dat 416k & ﬁﬁ@ﬁé@#@gdpgﬁrﬁéalGﬁFFﬁSPQQdénHaFQ Yicdge data
drlve conprisin [ dat a- ree or di

e AETViBE0RY: g TRESH WEFRCAPECORATRY CeurrButo
corresponding 36 to wite dat nd,serving as a fir
ecORBERg’ Ll Perialiot e ReBehe ThE: Goa LR IRg Deo gt
the, daggauggggg ugrgﬂqesg?v nfedaussiag ogad%ecg n

el i mna he residua neti sm of the recor |€g

heagur@@ﬁtSUEHEYngonbnrEG%r@@ﬁ%U%%E@QnQDQ%V1h@ea rising
recording head with a degaussing current serving as a

secpadioteantdangatlihgnbertibd se¢condngeeorttanga rising
current having a rising period and a falling period
set pkongdr ahbar #alQinigsergiper iodd thrd farikal Ireegrding
period of the first recording current.

current,

the control circuit being configured

to control switching from the data-recording mode to

the degaussing mode to control the driver circuit.

11. The hard disk drive according to claim 10,
wherein the driver circuit includes:

a first write driver configured to generate, in
the data-recording mode, the recording current
corresponding to the write data and serving as the
first recording current; and

a second first wfite driver configured to
generate, in the degauss mode, the degaussing current
serving as the second recording current.

12. A method of eliminating a residual magnetism
of a recording head, the recording head being used to
magnetically record data on a magnetic disk medium in
a hard disk drive, comprising:

supplying, in a data-recording mode, the

recording head with a recording current corresponding
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to write data and serving as a first recording
current;

switching the hard disk drive from the data-
recording mode to a degaussing mode for eliminating
the residual magnetism of thelrecording head; and

supplying, in the degaussing mode, the recording
head with a degaussing current serving as a sechd
recording current, the second recording current having
a rising period and a falling period set longer than a
rising period and a falling period of the first

recording current.



