[ Name of Docunent] Specification [Title of the Invention] Hard disk drive
and Recording Method |[Technical Field] [0001] The present invention relates
to a hard disk drive and recording nmethod, and nore particularly to a hard
disk drive that degausses a wite head and a recording nethod for use with
such a hard disk drive. [Background Art]; [0002] Information read/wite

devi ces using various types of nedia such as optical disks and nagnetic
tapes are known in the art. Anong them hard disk drives (hereinafter
referred to as HDDs) have becone popul ar as storage devices for conputers
to such an extent that they are one. of the storage devices indispensable
for today'éNéﬁﬁpﬂfeP§9umﬁﬂgﬂhéP?cﬁ%ﬂCPFﬁPPed to conputer systens, HDDs are

expanding nore_and nore in apg[ic tion because of its excellent
characteri $Titse fbrtBRarpre tPBs are used for noving picture read/wite

devi ces, car navigatiqon systens, and renovagble penpries for use in digital
cameras. [0003] EalRrfaghéti EXdVekanSedFRT AibRe MEEBSdeurality of tracks

formed concentrically _and each track is divided into 2
[Technical” Field]

[0001]

The present invention relates to a hard disk drive
and recording method, and more particularly to a hard disk
drive that degausses a write head and a recording method
for use with such a hard disk drive.

[Background Art]
[0002]

Information read/write devices using various types
of media such as optical disks and magnetic tapes are known
in the art. BAmong them, hard disk drives (hereinafter
referred to as HDDs) have become popular as storage devices
for computers to such an extent that they are one of the
storage devices indispensable for today’s computers.
Further, not limited to computer systems, HDDs are
expanding more and more in application because of its
excellent characteristics. For example, HDDs are used for
moving picture read/write devices, car navigation systems,
and removable memories for use in digital cameras.

[(0003]
Each magnetic disk used in HDDs has a plurality of

tracks formed concentrically and each track is divided into



a plurality of sectors. Servo data and user data are stored in each of the
sectors. A head el enent nmakes access to a desired sector in accordance with
the servo data stored in a sector, whereby it is possible to effect wite
or read of data to or fromthe magnetic disk. [0004] The head el enent
section usually conprises a wite head,and a read head. The wite head
converts an electrical signal or current, which corresponds to the
information to be witten, into a magnetic field, and wites the
information onto the magnetic disk. The wite head conprises a nagnetic
pol e pi ece and w ndings _around the nagnetic pole iece. The direction of a
current fRoMAERtdtYhefwPPpEECREad PerERargka FBdcﬁéﬁée fh& 3dFfrection of
the magnetic field to be generated. The direction_of nagnetic disk
nagnetlzatFBﬂr%ﬁr%%seﬁFFhoﬁhEhedF?EEPFEn of Fﬁédnﬁbﬁ@?PE Fp&pg. access
Consequently, data accordln to the dlrectlon of magneti zation is recorded
on the naBﬂe%léeﬁ%Eﬁ %?EFPFelEu?FEHF dagRecHiFe EE€e§§£V9 fka a wite, is
determ ned in accordance with required, magnetic ield str%n th and the
nunber of WRBFRgs"a?oBRAtPRe WHEGRBYI EtpofePPratk! e[ 6B0SFIFFT F'or “Pnst ance;

the current flomnng tg the wite head js suddenlg decreased at the end of a
wite, t heCtr Fgadgof data to or from the magneti

[0004]

The head element section usually comprises a write
head and a read head. The write head converts an
electrical signal or current, which corresponds to the
information to be written, into a magnetic field, and
writes the information onto the magnetic disk. The write
head comprises a magnetic pole piece and windings around
the magnetic pole piece. The direction of a current
flowing to the write head is changed to change the
direction of the magnetic field to be generated. The
direction of magnetic disk magnetization varies with the
direction of the magnetic field. Consequently, data
according to the direction of magnetization is recorded on
the magnetic disk. A write current, which is necessary for
a write, is determined in accordance with required magnetic
field strength and the number of windings around the
magnetic pole piece.

[0005]
If, for instance; the current flowing to the write

head is suddenly decreased at the end of a write, the write



head is magnetized. Wen the wite head is nmagnetized, witten data may be
erased. To prevent the wite head from being nmagnetized, a technol ogy

di scl osed, for instance, by Patent Docunment 1 changes a current flowing to
the wite head to a sinusoidal current and gradually attenuates the
anplitude of the current. Another technglogy disclosed, for instance, by
Pat ent Docunent 2 perforns degaussing by supplying a current flowng to the
wite head in a waveform other than prescribed in Patent Docunent 1. These
degaussi ng net hods reverse the polarity of a current, that 1is, reverse the

direction of a current flow, mhi%e aﬁtenuatinﬁ tge.current tlogﬁng to the
wite head'®afetd MaRYaLLEFg nEbRBAS Gr BT phFtiicaf ar Fymagaa i 4ra

per pendi cul ar . magnetic recording. h?OOi% To in0£3ﬁﬁe t he wwgﬁe speed, the
HDD ensur €Tt hae" adatar Pkt PRaFef 8Fr t r aRsPEFBRY Eh"6eEGr 85GRAel TPRe
direction of ,a wite current changes, is grov'ded mj%h an gversho t as
i ndi cat ed PRTEY P28 ¢hT 2R n Bt heFReradY Thaclafrdet f8h oPFSh2RGFreRY changes
when a change occurs in thar data val ue to be fgitten. VMEB the,girection of
the currehf-@RhangeSumeRe w FPENEGFrent hEdds toCHuEKkEy FBTelEe Sits
di rection. However, such a,gi ection reverse ig Eilageﬁ b an inguctance
conponent BFAEhEOwRi Fenhaddde ! COHEEGRENETRY, IRACHAF &Mt 2E 8ﬁé@ G8vEFEr m
beconmes dull._As :
amplituée of the current. Another technology disclosed,
for instance, by Patent Document 2 performs degaussing by
supplying a current flowing to the write head in a waveform
other than prescribed in Patent Document 1. These
degaussing methods reverse the polarity of a current, that
is, reverse the direction of a current flow, while
attenuating the current flowing to the write head. These
degaussing methods are particularly used for perpendicular
magnetic recording.
[0006]

To increase the write speed, the HDD ensures that a
current waveform transition, which occurs when the
direction of a write current changes, is provided with an
overshoot as indicated in Fig. 6 (b). In other words, the
direction of a current changes when a change occurs in the
data value to be written. When the direction of the
current changes, the write current needs to quickly reverse
its direction. However, such a direction reverse is

delayed by an inductance component of the write head.

Consequently, a current change waveform becomes dull. As



such being the case, the wite current is nonentarily increased to provide
an overshoot at the time when the direction of the current changes.
Subsequently, a predefined |level of wite current flows. This makes it
possible to reduce the rise tinme (reversal tine) between the instant at
which the current flowing to the wite head reverses and the instant at

whi ch the predefined wite current level is reached. As indicated in Fig. 6
(a), a wite current generation circuit 260 for a conventional HDD is
provi ded with an overshoot generation circuit, which conprises a switch 264
and a current _source 266 to overshoot the current flowng to.a wite head
250 when tPechcREiRAt theversss. t eWB%E?sﬁBBfe@Ené?a??gﬁngFF&&Vt causes the
current source 266 to generate an oversagot current, . which cgkresponds, for
i nstance, +BCESREFTatA PEPELAE BF CYRBESHPPEebuFPEntimAnERSPhE Eur r ent
reverses, the swtch _264 turns on so that a current, ich is the sum of
the writedttfreht™iPbwig ?PBﬁ?ﬁtcE??Bﬂ?ssougEQS?%%ea Ythé overshoot
current flowing fromthe current source 266, _flows i .t he ite_head 250.
The cur r enb* PROM RGOt boTRHE O MELReSUE580L] S18UBp! | A%Fr BAFE phbanpl i 11 er
AE circuit (AE _armelecgtronics), which is nounted igsidﬁ gn encl osure for
the HDD. TRRSRAECLS bPi ¥8AUES ShGnatser FoRfa harararik B6nt PEIFEF™(HDC) and

read/wi te, chamnel (R W channel ), which, " e, mounted on,2 Giiel folgerd for

reverses and the instant at which the predefined write
current level is reached. As indicated in Fig. 6 (a), a
write current generation circuit 260 for a conventional HDD
is provided with an overshoot generation circuit, which
comprises a switch 264 and a current source 266 to
overshoot the current flowing to a write head 250 when the
current reverses. The overshoot generation circuit causes
the current source 266 to generate an overshoot current,
which corresponds, for instance, to a certain percent of
the write current. When the current reverses, the switch
264 turns on so that a current, which is the sum of the
write current flowing from a current source 265 and the
overshoot current flowing from the current source 266,
flows to the write head 250. The current flowing to the
write head 250 is supplied from a preamplifier AE circuit
(AE: arm electronics), which is mounted inside an enclosure
for the HDD. The AE is driven by signals from a hard disk
controller (HDC) and read/write channel (R/W channel), |

which are mounted on a circuit board for controlling the



HDD. [0007] [Patent Docunent 11 Japanese Patent Laid-open No. 9-7137

[ Pat ent Docunent 2] Japanese Patent Lai d-open No. 7-311922 [Disclosure of
the Invention] [Problens to be Solved by the Invention] [0008] In a
conventional hard disk drive in which the current flowng to the wite head
overshoots at the tine of reversal in @rder to reduce the rise tine,
however, problens occasionally occurred when degaussi ng was perforned
after a wite. The problens will be described wth reference to Figs. 7 and
8. Fig. 7 is a block diagram illustrating the configuration of an AE in a
conventional HDD. Fig. 8 is atimng diagramillustrating signal waveforns
that are géRBrated at the tinme of degaussing. [0009] The configuration of
the AE will now be described wth reference to Fig. 7. The AE 200 conpri ses
awite clPPEAt generator 260 and a degauss wavef orm generator 270. The
wite current generator 260 _generates a current that is to be supplied to a
wite head[QBé?n?hgoﬂﬁﬁﬁﬁgslaaveforn1 generator 270 generates an attenuation

waveformthat is 6
Japanese Patent Laid-open No. 9-7137

[Patent Document 2]

Japanese Patent Laid-open No. 7-311922
[Disclosure of the Invention]
[Problems to be Solved by the Invention]

[0008]

In a conventional hard disk drive in which the
current flowing to the write head overshoots at the time of
reversal in order to reduce the rise time, however,
problems occasionally occurred when degaussing was
performed after a write. The problems will be described
with reference to Figs. 7 and 8. Fig. 7 is a block diagram
illustrating the configuration of an AE in a conventional
HDD. Fig. 8 is a timing diagram illustrating signal
waveforms that are generated at the time of degaussing.
[0009]

The configuration of the AE will now be described
with reference to Fig. 7. The AE 200 comprises a write
current generator 260 and a degauss waveform generator 270.
The write current generator 260 generates a current that is
to be supplied to a write head 250. The degauss waveform

generator 270 generates an attenuation waveform that is



sui tabl e for degaussing. In accordance with a signal waveform supplied from
t he degauss waveform generator 270, the wite current. generator 260
supplies a current for degaussing to the wite head. The wite current
generator 260 conprises transistors 26la, 261b, 262a, and 262b, sw tches
263 and 264, and current sources 265 ang 266. The transistors 26la and 261b
are referred to as transistors 261, whereas the transistors 262a and 262b
are referred to as transistors 262. [0010] A nornmal wite period during
which a normal wite is perforned relative to the magnetic disk will now be
descri bed. An R/'Wchannel 221, which_is nmounted on a circyit hoard 220,
enters wifBlbabae( 0Py 9¢924A812Y2 i AP0RCEREZARCOODI tAD328198Ad 212 are
transmtted as differential signals whose polarities are op%osit to each
other. ThepBebpen FugPlednbiemt ipewirravaat H2¥PgRAM PRRELATPE B0 211 and
212 are not transmtted as differential signals, one signal line wll
suffice. WDEevghta 29IreRDYCReratosi §A4l SHRRLLFS & F862F§5If8F wite data
(-WD) 212. More specifically, when the +WD 211 is High, the -WD 212 is Low.
Wien the +9@9243SiBILER, thReWrWpe2R23fs HIHR. WFAES SPgéEPFOHGQFrFHQr

magneti zation pattern to be witten on_the_ pagnetic disk %%anges in

accor dance2@ft ROWDr28¢Sakdans3storgos ol arulbhir, 28A2HDERS23 2 Rhi ch i s

nount ed on the
switches 263 and 264, and current sources 265 and 266. The

transistors 26la and 261b are referred to as transistors
261, whereas the transistors 262a and 262b are referred to
as transistors 262.

[0010]

A normal write period during which a normal write
is performed relative to the magnetic disk will now be
described. An R/W channel 221, which is mounted on a
circuit board 220, enters write data (WD) 211 and 212 into
the AE 200. WD 211 and 212 are transmitted as differential
signals whose polarities are opposite to each other.
Therefore, Fig. 2 shows two write data signal lines. If WD
211 and 212 are not transmitted as differential signals,
one signal line will suffice. Write data 211 (+WD) is a
signal that is a reversal of write data (-WD) 212. More
specifically, when the +WD 211 is High, the -WD 212 is Low.
When the +WD 211 is Low, the -WD 212 is High. The
direction of the magnetization pattern to be written on the
magnetic disk changes in accordance with WD 211 and 212.

[0011]



circuit board 220, enters a wite control signal (wite gate signal) 213
into the AE 200. The wite control signal 213 indicates whether a wite is
to be perforned on the magnetic disk. A wite is perforned in accordance
with the wite control signal 213. Mre specifically, it is defined that
when the wite control signal 213 is Hgh, a current flows to the wite
head 250 for performng a wite on the magnetic disk. If the wite control
signal is Low, no wite is perforned on the nagnetic disk. Wile the wite
control signal 213 is High, a normal wite process is perfornmed. The period
during which the wite control _signal 2%3 |s.H gh is regarded as a norma
wite period. [O0T8FthRE +PD ﬁ?cigagt ¥ lfh)léo PHELCEf °F &t ch 231.  The
-WD is input to (A cont of a switch 232. Wiile_the wite control signa
213 i3 H ORLEERGE WPEEHeLs 8ol anRa 838 "k BeroLAF CRONLAEE] WHEH tone sw t ches
231 and 232 sel ect iA) isntact, W 211 and WD 212 fromthe R.Wchannel 221
are input98be" BadRal) ef kP ndPECotPEne t fsi sEBPsW361CafG 2621 SPEFg a
normal wite _period, therefore, the direction of a urrent that is
gener at ed By3t hBIWFREBSCHRPERETgBNEFaFEr 15260 RRIPEFORETES CRe "Whi t e head
changes in accordance wwth_ WD 211 and WD 212. 1| n other mords,_m@gn t he +V\D
211 is Hi BAINERECt FARSH st br V3EESt dPnEe6ACARE B BFERSFELSGE #8218 WG ns

of f. Meanwhil e, when the -WD 212 is H gh, the . _. o .
write control signa% 513. Mgre specifically, it is defined

that when the write control signal 213 is High, a current
flows to the write head 250 for performing a write on the
magnetic disk. If the write contrcl signal is Low, no
write is performed on the magnetic disk. While the write
control signal 213 is High, a normal write process is
performed. The period during which the write control
signal 213 is High ié regarded as a normal write period.
[0012]

The +WD is input to (A) contact of a switch 231.
The -WD is input to (A) contact of a switch 232. While the
write control signal 213 is High, the switches 231 and 232
select (A) contact. When the switches 231 and 232 select
(A) contact, WD 211 and WD 212 from the R/W channel 221 are
input to “Base” terminals of the transistors 261 and 262.
During a normal write period, therefore, the direction of a
current that is generated by the write current generator
260 and flows to the write head changes in accordance with
WD 211 and WD 212. 1In other words, when the +WD 211 is

High, the transistor 261 turns on and the transistor 262



transistor 261 turns off and the transistor 262 turns on. Thus, a change
occurs in the direction of a current that is generated by the wite current
generator 260 and flows to the wite head 250. The foll ow ng expl anation
assunes that a "negative" polarity current flows fromleft to right wthin
the wite head 250 when the transistor 261 turns on with the transistor 262
turning off, and that a "positive" polarity current flows right to |eft
within the wite head 250 when the transistor 261 turns off with the
transistor 262 turning on. The current flowing to the wite head 250 is
supplied fromthe current sources 265 and 266 via the  sw tches 263 and 264,
whi ch are prevededtin ¥eaanwpite, vherehbegeferatori86819P00tSFE The current
source 265 supplies a wite current for performng a wite on the magnetic
di sk. For BxphahatPsnZCpubpsaésofftand 5§§uﬁﬁanﬁﬁ§gofhé6ﬁﬁtPénéuPPent is 50
mA. More sge0|f|cally, data may be witten onto the magnetic disk when a
current of T#88, nA &RalgH ﬁﬁFFFéméntBhFh@lRFFFéonhégda EHFFﬁGttﬁ@aﬁoﬂﬁm
wite period, the current upplied fromthe current source 265 is fixed
at 50 mA. @ﬁnefﬁéegtFérthénﬂrlFﬁeCEGF?EHtg%BGF@EO?686QUBBQ|5%03ﬁ t8ver shoot
current. In other words, the current fromthe rrent source 266 floms to
the wite RB&J"B58C0REFIWREA - a @hﬁhgﬁééoﬁéﬁﬁr%XPﬁaPﬁElSPr@é?P@ﬁsoF fhe

current flowing to
a “négative” polarity current flows from left to right

within the write head 250 when the transistor 261 turns on
with the transistor 262 turning off, and that a “positive”
polarity current flows right to left within the write head
250 when the transistor 261 turns off with the transistor
262 turning on. The current flowing to the write head 250
is supplied from the current sources 265 and 266 via the
switches 263 and 264, which are provided in the write
current generator 260.

[0013]

The current source 265 supplies a write current for
performing a write on the magnetic disk. For explanation
purposes, 1t is assumed that the write current is 50 mA.
More specifically, data may be written onto the magnetic
disk when a current of +50 mA or -50 mA flows to the write
head. During the normal write period, the current Il
supplied from the current source 265 is fixed at 50 mA. On
the other hand, the current source 266 supplies an
overshoot current. In other words, the current from the

current source 266 flows to the write head 250 only when a



the wite head. The switch 263 is provided between the current source 265
and the wite head 250. The switch 264 1is provided between the current
source 266 and the wite head 250. The switch 263 controls the current
supply from the current source 265. The switch 264 controls the current
supply fromthe current source 266. [00k4] The switch 263, which is
connected to the current source 265, is controlled in accordance wth the
wite control signal 213. In reality, however, the switch 263 is

controlled in accordance with a superinposed signal 247, which is generated

when a superinposition circuit 240 superinposes a degauss enable signal 271
over the WFPEBICCBREHSGP dhghlf 913SCFRPE 85nFB8ICB§§PgF ﬁQMHWg 5&

descri bed- Iater During the normal, write_period, ite con si gnal
213 is Hi ghh§oWERiE PRESswi 18R S83TFE 8R3 LA Pﬁpglgﬁgr%ﬁ5¥eephéﬁﬁhrrent

source 265 supplies a current to the wiite he% & é%’ ?h2¥gt0h 264,
which is cSHﬁé@PédSPHrFﬁe2é§r€§ﬁtth?oHF&éezéga ont dr dance
with an output that s generated by a si n | e shot %?/S) 241 During the

nor mal mwﬂ?epﬁéWﬂéﬁd PR W§ﬁpt6ﬁ§scﬁ§fe§ﬁd 985§l a@ﬂ)téﬁnﬁgéﬁe
Therefore, the +WD 211 and -WD 212 are input to the S|n%le 10 shot %§/S)
241. The shRgPe28Rot ?QﬁsfwéﬁfhdéﬁéchnérP#§ethe current suppl

the current source 265. The switch 264 controls the
current supply from the current source 266.
[0014]

The switch 263, which is connected to the current
source 265, 1s controlled in accordance with the write
control signal 213. 1In reality, however, the switch 263 is
controlled in accordance with a superimposed signal 247,
which i1s generated when a superimposition circuit 240
superimposes a degauss enable signal 271 over the write
control signal 213. This control operation will be
described later. During the normal write period, the write
control signal 213 is High so that the switch 263 is on.

In this instance, the current source 265 supplies a current
to the write head 250.
[0015]

The switch 264, which is connected to the current
source 266, is controlled in accordance with an output that
1s generated by a single shot (S/S) 241. During the normal
write period, the switches 231 and 232 select (A) contact.

Therefore, the +WD 211 and -WD 212 are input to the single



of the +WD 211 or -WD 212. The output of the single shot (S/S) 241 becones
a signal that exhibits a pul se when a change occurs in the direction of the
current flowwng to the wite head 250. Therefore, the switch 264 turns on
when WD 211 and WD 212 rise. In other words, when a change occurs in the
direction of the current flowing to thejywite head, the switch 264 turns on
and a current flows fromthe current source 266 to the wite head 250. For
expl anation purposes, it is assuned that the current source 266 supplies
20% of the current supplied fromthe current source 265. During the norma
wite period, the current supplied_fromthe current source 266 is 10 mA.
[0016] WheBhehe (808t shdbt cURPeRtngbareBOb66S7s) usdd dsteaéschi bédSabove, it
is possible to reduce the rise time between the instant at which the
WD - WD dafh VheutWBhahdesr aWB £hé-i nshanPubPUinPEénthepresslectedtwrite
current of 50 mA is reached. During the normal wite period, the wite
current att&hpls2td PEEANER & ﬁégéﬁgetHPFe€¥héﬁlFﬁ Br BELSEoWNEBagh a peak
current of 60 mA when the polarity reverses. Therefore, the time required
to reach acBapgenPCeRrs50imMtPe digraéten ShoFPer CUERETLthERCHATEVEPshoot

occurs so that a current of 60 mMA is reached. However, a current of 50 mA
is soon regb@rga;tqlhﬁgglapo. Therefore, the switch 264 turns on

when WD 211 and WD 212 rise. In other words, when a change
occurs in the direction of the current flowing to the write
head, the switch 264 turns on and a current flows from the
current source 266 to the write head 250. For explanation
purposes, 1t is assumed that the current source 266
supplies 20% of the current supplied from the current
source 265. During the normal write period, the current
supplied from the current source 266 is 10 mA.

[0016]

When the overshoot current source 266 is used as
described ‘above, it is possible to reduce the rise time
between the instant at which the +WD/-WD data value changes
and the instant at which a preselected write current of 50
mA is reached. During the normal write period, the write
current attempts to flow in a reverse direction in order to
reach a peak current of 60 mA when the polarity reverses.
Therefore, the time required to reach a current of 50 mA is
rendered shorter, and then an overshoot occurs so that a
current of 60 mA is reached. However, a current of 50 mA

is soon restored.



A degauss period during which degaussing is perfornmed will now be

descri bed. The AE 200 incorporates the degauss waveform generator 270 in
order to generate a degauss current waveform [0018] The wite control
signal 213 enters the degauss waveform generator 270. The degauss waveform
generator 270 generates the degauss engple signal 271 in accordance with
the wite control signal 213. Mre specifically, the degauss enabl e signa
271 is output when the wite control signal 213 turns off, that is, when
the normal wite period termnates, allowing a wite process to be foll owed
by a read Brocess. The degauss enabl e signal 271 has a pul se waveformthat
is High dufPRg’the tine corresponding to the degauss period during which
degaussing is performed. Wien the degauss enabl e si%naL 271 is Hgh, a
degaussi ng oper at PoAeP8UpEr PEFARE. CWheéRIt HB1HBgEG98YERARLe 1Si gnal 271 is
Low, no degaussing operation is perforpmed. The dega§%§ .enabl e s'%nal 271
remai ns Hi GRTEBFMEACELLAi ROPePRPodSEFTEPRE - af P&r AEhé Y8ndGPTPRE G mal write
period, and then reverts to Low. Wen the_degaussi hg operation starts, the
R W chann@bezéﬁgéﬁéﬁsWéﬁﬁﬁpﬁmnéeﬂBrQETra%aOmanT?deEOG?QPeﬁﬁéa&§g§uss
wavef orm generator 270 incorporates an 12 oscillator clock or constant
frequency g8HBHE&EoFUrTRBL waveform.

[0018]

The write control signal 213 enters the degauss
waveform generator 270. The degauss waveform generator 270
generates the degauss enable signal 271 in accordance with
the write control signal 213. More specifically, the
degauss enable signal 271 is output when the write control
signal 213 turns off, that 1is, when the normal write period
terminates, allowing a write process to be followed by a
read process. The degauss enable signal 271 has a pulse
waveform that is High during the time corresponding to the
degauss period during which degaussing is performed. When
the degauss enable signal 271 is High, a degaussing
operation is performed. When the degauss enable signal 271
is Low, no degaussing operation is performed. The degauss
enable signal 271 remains High for a certain period of time
after the end of the normal write period, and then reverts
to Low. When the degaussing operation starts, the R/W
channel 221 stops supplying WD 211 and WD 212.

[0019]

The degauss waveform generator 270 incorporates an



oscillator clock or the like is used to generate degauss wite data 272 and
273. Degauss wite data 272 is referred to as the +DW. Degauss wite data
273 is referred to as the -DW. Degauss wite data 272 and 273 are referred
to as the DAD. As shown in Fig. 8 DW 272 and 273 are pul se waveforns
having a predeterm ned frequency and a ?redeternined pul se wi dth. As
indicated in Fig. 8, these pulse waveforns appear during the degauss period
only. The +DWD 272 is a reversal of the -DW 273. More specifically, when
the +DWD 272 is High, the degauss wite data 273 is Low. Wen the +DWD 272
is Low, the degauss wite data 273 is H gh. The +DW and -DWD are half a
cycl e out efcphageorafdoeguar FRNBGLREE WrEEHSNFYOZETCTRECFDWDTE?2 is i nput
to a (B) contact of the swtch 231. The degauss wite data 273 is input to
a (B) conPaetldptPReC3REkcRT28Re BhKPngSt HECHe§AUISFERIEEd FCORESSswi t ches
231 and 232 have a (B) _contact. Therefore, DW 272 and_273 are input to the
"Base" terhraAPsdatat RdZ epdndi’Stor §egBESENYT262, dRrESpEdti vl ¥ EIATERENge
occurs in the direction of the current flomjng to the wite head 250 in
accor dancet®i 88 D 2P¥DandPer3usphenitRed2bRAD-272 15s refieghkect k€ ©fansi st or
261 turns on so that a current flows fromleft to right within the wite
head 250. FheotREP-13DgERHSS yrikegdeitael’si grdwli’te 2&6r FEACTERGWSCt 0 t he
wite as the DWD. As shown in Fig. 8, DWD 272 and 273 are pulse

waveforms having a predetermined frequency and a
predetermined pulse width. As indicated in Fig. 8, these
pulse waveforms appear during the degauss period only. The
+DWD 272 is a reversal of the -DWD 273. More specifically,
when the +DWD 272 is High, the degauss write data 273 1is
Low. When the +DWD 272 is Low, the degauss write data 273
is High. The +DWD and -DWD are half a cycle out of phase
and equal in pulse width.
[0020]

The +DWD 272 is input to a (B) contact of the
switch 231. The degauss write data 273 is input to a (B)
contact of the switch 232. During the degauss period, the
switches 231 and 232 have a (B) contact. Therefore, DWD
272 and 273 are input to the “Base” terminals of the
transistors 261 and 262, respectively. A change occurs in
the direction of the current flowing to the write head 250
in accordance with DWD 272 and 273. When the +DWD 272 is
High, the transistor 261 turns on so that a current flows

from left to right within the write head 250. In other



head 250. When the -DWD 273 is High, the transistor 262 turns on so that a
current flows fromright to left within the wite head 250. In other words,
a "positive" sign wite current flows to the wite head 250. In this
manner, it is possible to change the direction of the current flowing to
the wite head during the degauss periogy During the degauss period, the
polarity of the current flowing to the wite head 250 reverses at fixed
time intervals. [0021] The switches 231 and 232 change in accordance with
the degauss enabl e signal 271. Mre specifically, when the degauss enable
signal 271 goes High, a (A) contact is superseded g% %B% tact. Wile the
degauss en¥BresSsignalcdavives REGR, YEhESsHHFERBS 53%% § SSUFEEE a (B)
contact. When the degauss enable Slﬁ al 271 goes Low, the swt 2 s 231 and
232 rever tPedd (A0 conVagh, thfie~ WPt € g 15391gRd t§§2t5?85&6ﬁ9§c§ g to a (A
contact while the wite control si L 213_is ng to rei g ent g wite
peri od. The“srgnar S?nbﬁ?ttﬁ tHETBREeI L@V Ri AEPE Bf9Phe Prafsist'oF81861 and
262 in the wite current nerator 60 cha es d .whet her the

n
normal wri RS peFibg B?aﬁeﬁ ss pBrPb eﬁr%Qﬁ Q%@??f %ﬁ DEtPRg t he

degass ber o, Lfe su (ch 265, I, conttol g i, agcordance w L the degauss

it is possible to change the direction of the current
flowing to the write head during the degauss period.
During the degauss period, the polarity of the current
flowing to the write head 250 reverses at fixed time
intervals.

[0021]

The switches 231 and 232 change in accordance with
the degauss enable signal 271. More specifically, when the
degauss enable signal 271 goes High, a (A) contact is
superseded by (B) contact. While the degauss enable signal
271 is High, the switches 231 and 232 select a (B) contact.
When the degauss enable signal 271 goes Low, the switches
231 and 232 revert to (A) contact. The switches 231 and
232 are connected to a (A) contact while the write control
signal 213 is High to represent a write period. The signal
input to the base terminals of the transistors 261 and 262
in the write current generator 260 changes depending on
whether the normal write period or degauss period prevails.

[0022]



When t he degauss enable signal 271 is H gh, the switch 263 turns on.
Therefore, the swtch 263 is on during the degauss period. Consequently,
the current supplied from the current source 265 constantly flows to the
wite head 250 during the degauss period as well. [0023] The switch 263
turns on/off in accordance with the wwﬁfe control signal 213 and degauss
enabl e signal 271. The state of the swtch 263 changes in accordance with
the superinposed signal 247, which is obtained when the superinposition
circuit 240 superinposes the degauss enable signal 271 over the wite
control signal 213. The superinposed signal 247 is obtained by extending
the wite controlDéignal ti2a3dearusherdeyadsstper fodtcimén3t h8 superi nposed

signal 247 is High, that is, when the wite control signal 213 or degauss
enabl e si gpahtpFliled Highccorfansi vehh2sBei degrusthenahiliccF 1363 enfdi-ns on
during the tine interval between the instant at which the nornal wite
peri od beginen aple t heganss aptante whiehat he’ Hebaudsaher tbE SBABSD FAPs
ensures that the current supplied fromthe current source 265 flows to the
write headt2sos deri ngTheeefabemafher sretper?6d AndoduflAghohéhBegauss
period. [0024] 15 The state of the switch 264 changes in accordance wth an
out put t hadegaugeneesied- byCohaseqpagtdyshbhe (Spsyent supplied from

the current source 265 constantly flows to the write head
250 during the degauss period as well.
[0023]

The switch 263 turns on/off in accordance with the
write control signal 213 and degauss enable signal 271.
The state of the switch 263 changes in accordance with the
superimposed signal 247, which is obtained when the
superimposition circuit 240 superimposes the degauss enable
signal 271 over the write control signal 213. The
superimposed signal 247 is obtained by extending the write
control signal 213 for the degauss period. When the
superimposed signal 247 is High, that is, when the write
control signal 213 or degauss enable signal 271 is High,
the switch 263 is on. The switch 263 remains on during the
time interval between the instant at which the normal write
period begins and the instant at which the degauss period
ends. This ensures that the current supplied from the
current source 265 flows to the write head 250 during the
normal write period and during the degauss period.

[0024]



241. During the degauss period, the switches 231 and 232 have a (B) contact
so that DWD 272 and 273 enter the single shot (S/S) 241. The single shot
(S/I'S) 241 detects arise in DW 272 and 273. In other words, the output of
the single shot (S/S) 241 becones a signal that exhibits a pulse when a
change occurs in the direction of the cfyrent flowing to the wite head
250. The +DWD 272 and -DWD 273 have the sane pulse width. The +DWD 272 is a
signal that is a reversal of the -DW 273. Therefore, the output of the
single shot (S/S) 241 is a pulse waveform that has two tinmes the frequency
of DWD 272/ DWD 273 as i ndi cat 8. The switch, 264 turgs on when DWD
272 and DWD 273 ri5e¢ SKRYe ¢ eEh?lﬁﬁgFﬁh %ﬁ%ncgaﬁﬂﬁﬁgénoégﬁP§ PR“Ehe
direction of the current flowing to the gw% ead, 25 tge s%ntgﬂ 264
turns on s¥ERaRRaCEPFENERRF 0 9?6ﬁ¥?ﬁ% Yrehe So0PLE =566 (5/the wite
head 250. The current source 266 supplie 20% of .the curr lied from
the current4Sour@8roBg. thFO%?S?u%E ggg&? betabeyitchRa g?it@n f gﬁe switch

264 changes in accordance with the output of the S|n | e sho é %S/S 241. WD
211 and WH2Y9 Br ?hecqﬁﬁ@F§7§OaHBatEW@BZ%§2 2h ?7?h nEPRgFEeshtIES )
241. The 5| naI input to the sin e shot (i/ A 241 c anges dependi ng on
whet her th% éﬁfgkh%%123lT5ﬁd52 gleefbet ? ¢o6ht EF GFSa?( B)-SEont act .

More s eciflcall when _the switch 231 has (A). cont act
P in DWDy272 and 273. In other words, %he output of the

single shot (S/S) 241 becomes  a signal that exhibits a
pulse when a change occurs in the direction of the current
flowing to the write head 250. The +DWD 272 and -DWD 273
have the same pulse width. The +DWD 272 is a signal that
is a reversal of the -DWD 273. Therefore, the output of
the single shot (S/S) 241 is a pulse waveform that has two
times the frequency of DWD 272/DWD 273 as indicated in Fig.
8. The switch 264 turns on when DWD 272 and DWD 273 rise.
More specifically, when a change occurs in the direction of
the current flowing to the write head 250, the switch 264
turns on so that a- current flows from the current source
266 to the write head 250. The current source 266 supplies
20% of the current supplied from the current source 265.
[0025]

As described above, the state of the switch 264
changes in accordance with the output of the single shot
(8/8) 241. WD 211 and WD 212 or the +DWD 272 and -DWD 273
enter the single shot (S/S) 241. The signal input to the

single shot (S/S) 241 changes depending on whether the



WD 211 and WD 212 enter the single shot (S/S) 241. On the other hand, when
the swtch 231 has a (B) contact, the +DWD 272 and -DW 273 enter the
single shot (S/S) 241. In other words, the signals entering the single shot
(S/I'S) 241 are the sane as the signals entering the transistors 261 and

262. The single shot (S/S) 241 extracts;g rise of the two input signals.
The overshoot current flows when a change occurs in the direction of the
current flowing to the wite head. Therefore, the switch 264 turns on when
the on/off states of the transistors 261 and 262 change. More
specifically, the switch 264 turns on when the transistor 61 changes from
the "on" sEXEECHESt RE 1" GPF 28RarelaRd PhdP)t FRRSASToPT262 FHarrged mt he
"of f" state to the "on" _state_or vice versa. This ensures that the switch
264 tur ns MeFewWRBRC A fdRade  odBERs the ?H@tﬁgiéﬁﬂt St 2t Hé) SHFEREf 1 owi ng
fromthe current source 265 to the wite head 250. nsequently, en the

pol arity ofD; Rélc@RFel 2LRoRE™t &1 EnS 1RFile SHOAd B56 0 {HE current
supplied fromthe current source 266 flows to the wite head %gg. 0026]
During t he C48§5uE8 Fer H&n thE SWHECH 263 PéfaitndBin GG heRGasE@ M th t he

normal wite period. The switch 17 263 .is conigolled y the su eriqposed

si gnal 247272TRBFef OMR, 2(’He SNictc i 'S6 § MGG 7 O&n(édﬁsn&4ﬁhe (FEIeT

words, the signals entering the single shot (S/S) 241 are
the same as the signals entering the transistors 261 and
262. The single shot (S/S) 241 extracts a rise of the two
input signals. The overshoot current flows when a chahge
occurs in the direction of the current flowing to the write
head. Therefore, the switch 264 turns on when the on/off
states of the transistors 261 and 262 change. More
specifically, the switch 264 turns on when the transistor
261 changeg from the "on" state to the "off" gstate and the
transistor 262 changes from the "off" state to the "on"
state or vice versa. Thisgs ensures that the switch 264
turns on when a change occurs in the polarity of the
current flowing from the current source 265 to the write
head 250. Consequently, when the polarity of the current
flowing to the write head 250 reverses, the current
supplied from the current source 266 flows to the write
head 250.
[0026]

During the degauss period, the switch 263 remains

on as 1s the case with the normal write period. The switch



wite period and degauss period. During the degauss period, the switch 264
tenporarily turns on the nonent a change occurs in the direction of the
current flowng to the wite head 250 as i.s the case with the normal wite
period. Consequently, the current supplied fromthe current source 266 and
the current supplied fromthe current seurce 265 both flowto the wite
head 250. In other words, when the polarity of the current flowng to the
wite head 250 reverses during the degauss period, the switch 264 turns on
so that the current supplied fromthe current source 266 flows to the wite
head 250. [0027] The nagnitudes of the currents supplied fromthe current
sources 26 6§né|5266’n\ﬁifpﬂlﬁéwbb’et@@s@ﬁpﬁéémp%edsﬁé\%lailn2ﬁi7g. 7, the degauss
wavef orm generator 270 generates digital data (DAC val ues) 274 and 275,

whi ch are TherBECEpplhed sid tche 260r FERP 186UPEe S WFER %P6 Mdr  setting
the currents for current sources 265 and 266, digital data (DAC val ues) 274
and 275 ar ¥rd§Bj Perd@ @ndidfdealss Reabg COHVEISI O P RERH BeTivéred to
the current sources 265 and 266. I n accordance with digital data (DAC

val ues) 27&hgngwirsh PRE EGFPOFRTddyr E8ETS6STakde PTOBCEEt & KE19REGhi t udes of
the currents to be supplied. 18 Mre specifically, the current source 265
det erm nes OFﬁélrSrr&&nitE]@déhéﬁqttléms@ﬁpltg‘ecﬁﬁllré”ﬁpti i L0 ERU & ERE (1 Idisyi t al

head 250 as is the case with the normal write period.
Consequently, the current supplied from the current source
266 and the current supplied from the current source 265
both flow to the write head 250. In other words, when the
polarity of the current flowing to the write head 250
reverses during the degauss period, the switch 264 turns on
so that the current supplied from the current source 266
flows to the write head 250.

[0027]

The magnitudes of the currents supplied from the
current sources 265 and 266 will now be described. As
shown in Fig. 7, the degauss waveform generator 270
generates digital data (DAC wvalues) 274 and 275, which are
to be supplied to the current sources 265 and 266. For
setting the currents for current sources 265 and 266,
digital data (DAC values) 274 and 275 are subjected to
digital-to-analog conversion and then delivered to the
current sources 265 and 266. In accordance with digital
data (DAC values) 274 and 275, the current sources 265 and

266 set the magnitudes of the currents to be supplied.



data 274, whereas the current source 266 determnes the nmagnitude of its
supply current in accordance with digital data 275. The magni tude of the
current supplied fromthe current source 265 increases with an increase in
digital data 274, and the magnitude of the current supplied from the
current source 266 increases with an ingfease in digital data 275. The
current source 265 flows a necessary wite current during the normal wite
period so that the wite head 250 may performa wite. On the other hand,
the current source 266 flows an overshoot current during the normal wite
period so as to reduce the tine required for reversing the direction of the
wite currlda¥e §ROSBIlERtiYg the ABFRENCWPrECPefPodielPEtarSdal's 274 and
275 usually remains constant. It means that the carrent sugplied fromthe
current soliRgRst988 ahdl 2B6SWPRLY cEREFERE HAr #RGOTARPABH HAF W8t per i od.
During the_  degauss period, however, digital data (ﬁéc values)ﬁﬁ74 and 275
t

gradual | y detReadd YRRTEAFevRf PHEVETFI AQUEETFi ABCt ABTSHBLREF W'fte peri od.

In other words, digital data 274 is naxim zed during the,noraal,wwite
period and"dPBRHUARF YO dbEFeaURB YuFTHEe Ehel BegatSs pBrfolfi tinEr 8t bR, the
current Il supplied fromthe current _source 265 is 19 maxim_zed during the
normal wri88tpetidd ahdegradiarige atchBasedraaRE ng PRLI8EgAGSY pEFRI od.

Since the current 12 _ _ . , o
current source 265 increases with an increase in digital

data 274, and the magnitude of the current supplied from
the current source 266 increases with an increase in
digital data 275. The current source 265 flows a necessary
write current during the normal write period so that the
write head 250 may perform a write. On the other hand, the
current source 266 flows an overshoot current during the
normal write period so as to reduce the time required for
reversing the direction of the write current.

[0028]

During the normal write period, digital data 274
and 275 usually remains constant. It means that the
current supplied from the current sources 265 and 266 are
constant during the normal write period. During the
degauss period, however, digital data (DAC values) 274 and
275 gradually decrease from a level prevailing during the
normal write period. In other words, digital data 274 is
maximized during the normal write period and gradually
decreased during the degauss period. Therefore, the

current Il supplied from the current source 265 is



supplied fromthe current source 266 is 20% of the current supplied from
the current source 265, digital data 275 is also naximzed during the
normal wite period and gradually decreased during the degauss peri od.
Therefore, the current 12 supplied fromthe current source 265 attenuates
at the sanme rate as the current |1 suppkjed fromthe current source 265.
[0029] It is assuned that the wite current is 50 mM as indicated in Fig.
8. During the normal wite period, a naxinmmcurrent of 60 mA (a wite
current of 50 mA plus an overshoot current of 10 mA) flows to the wite
head as a peak current. In other words, a current of 60 mA flows to the
Wite head"25bMivkeR AUEhAHgERBCROFS2] nWEhEe pBPEIPEYaBA IFREURHLYent fI owi ng
to the wite head 250. The followi ng explanation assunes that the_current

f1 owi ng t odeRECHFPEeduréad HBBr €89RESFNPSFEPL - of SENRA FREnFHTREPEeleurrent

| evel of 50 mA during the degauss peri od. %0030 As indicated in Fig. 8,

the currenfUPPligdpfred tReoRIFRBNEUFPEAES S 6§cé52%9 d@ér55§e§uFﬁe§Feps of 5
mA from a |level of 50 mA (decreases to 45 mA and so on to mA)
during t heSHeBALes PEPMoHNCDFHFFENt dBPHT 994265 2@laétﬁéa§éaas87§hé€ t he

current decreases in steps of 5 mA when the +DWD or -DWD rises. In_this
i nst ance, fhgo maximized during the normal write perlod and gradually

decreased during the degauss period. Therefore, the
current I2 supplied from the current source 265 attenuates
at the same rate as the current Il supplied from the
current source 265.

[0029]

It is assumed that the write current is 50 mA as
indicated in Fig. 8. During the normal write period, a
maximum current of 60 mA (a write current of 50 mA plus an
overshoot current of 10 mA) flows to the write head as a
peak current. In other words, a current of 60 mA flows to
the write head 250 when a change occurs in the polarity of
the current flowing to the write head 250. The following
explanation assumes that the current flowing to the write
head decreases in steps of 5 mA from a write current level
of 50 mA during the degauss period.

[0030]

As indicated in Fig. 8, the current I1 supplied
from the current source 265 decreases in steps of 5 mA from
a level of 50 mA (decreases to 45 mA, 40 mA, and so on to 0

mA) during the degauss period. Digital data 274 is



polarity of the current reverses. In other words, the current decreases in
steps of 5 mA each tinme a change occurs in the polarity of the current
flowwng to the wite head 250. Therefore, the current flowng fromthe
current source 265 to the wite head 250 attenuates from50 mA to 0O mA
while changing the polarity (decreases Jyom50 mA to -45 mA, +40 mA, -35
mA, and so on to O md). [0031] During the degauss period, the current 12
supplied fromthe current source 266 al so decreases in the sane manner as
descri bed above. Setup is perforned so that the current 12 supplied from
the current source_ 266 is 20% of the current upplied framthe current
source 2650echPRied ofe, thnk E@?r%ﬂ%rﬁ@tsﬁ%%¥?%%e?rb ?E%pﬁu??eﬁtméource 266
gradual |y decreases in steps_ of 1. mAfrom10 pAto 9 mA, 8 mA and so on to
0 mA Cons®eRRRnElrs +PWR *6ir ¥ Fi®GFng L®rofd$hENeuRreRt 5BGrce 266 to the
wite head 250 attenuates while changing the polarjity (degcreases to -9 mA,

+8 M, -7 E?@a%hﬁys%fo%h?ocﬁrﬁ@8t AEVeEheSPegi |%§h% WﬂE SdefB%iss period
(before the initial rise of the +DW o m% oIarl of the current
f1 owi ng fr%%¥¥%%tc@??%%?se%oh?c%t?B% ?% ? Heh ??% % fsC H%Pg?eversed

Since the wite current is still pot reversed, éﬂe switch 264 is, off 21
Ther ef or e, CFRETE utT eHES FPRIRRYCY r O Ehe CurFemnt ¥i8I268 CHS Yh&tGrite

head 250 is O.mA. The total current generateg ,
head 250. Therefore, the durrent flowing from the current

source 265 to the write head 250 attenuates from 50 mA to O
mA while changing the polarity (decreases from 50 mA to -45
mA, +40 mA, -35 mA, and so on to 0 ma).
[0031] |

During the degauss period, the current I2 supplied
from the current source 266 also decreases in the same
manner as described above. Setup is performed so that the
current I2 supplied from the current source 266 is 20% of
the current I1 supplied from the current source 265.
Therefore, the current I2 supplied from the current source
266 gradually decreases in steps of 1 mA from 10 mA to 9 mA,
8 mA, and so on to 0 mA. Consequently, the current flowing
from the current source 266 to the write head 250
attenuates while changing the polarity (decreases to -9 mA,
+8 mA, -7 mA, and so on to 0 mA). At the beginning of the
degauss period (before the initial rise of the +DWD or -
DWD) , the polarity of the current flowing from the current
source 265 to the write head is not reversed. Since the

write current ig gtill not reversed, the switch 264 is off.



by the wite current generator 260 is 50 mA including the current flow ng
fromthe current source 265 to the wite head 250. The overshoot current is
added to the flowwng current at the nonment the polarity indicating the
direction of the wite current reverses. Thus, the switch 264 turns on.
The current flowing to the wite head 2p0 is increased by the amount of the
overshoot current. Therefore, when the overshoot current is taken into
account, the current flowing to the wite head during the degauss period
attenuates to 50 mA, -54 mA, 48 mA, -42 mA, and so on to O mMA as shown in
Fig. 8 [0032] As described above, the conventional hard disk drive reduces
the time rEaeFeed e or CRRVEREFRRCt AECHFNE el TeWr FRAL CULFERY ERYTABrAAP write
period. Therefore, the current source_266, which remains on only during the
reversal tFaeth® @%h%?a?%agnz69e%§h80WAmavgb%rH?tﬁﬁISHErﬁntr8§8? aistrite
current to overshoot. In this instance, the overshoot gepneration circuit is
oper at ed i AYt ke s¥het Farner SNHUPFRGTRheT dégluss B%rW%dlgEEPﬁénﬂhFéﬁ t he
wite head is degaussed. Therefore, the resulting degauss current waveform
has a peakCeuFeht LtPAUtngsthPghehet RRRTERE WPPEeS ebrrBAt EP6r WAt t8nuati on by
t he overshoot current. However, 22 many high-freaugncy conmpanent s, which
const i t ut eP83BedR0 - cUFRBNPVRASBPBF nFUBFENFi k8l §I88vaPy ChRdEF VARSI nf | uence

of current at the moment the polarity indicating the direction
of the write current reverses. Thus, the switch 264 turns
on. The current flowing to the write head 250 is increased
by the amount of the overshoot current. Therefore, when
the overshoot current is taken into account, the current
flowing to the write head during the degauss period
attenuates to 50 mA, -54 mA, 48 mA, -42 mA, and so on to 0
mA as shown in Fig. 8.
[0032]

As described above, the conventional hard disk
drive reduces the time required for reversing the write
current during the normal write period. Therefore, the
current source 266, which remains on only during the
reversal time to generate an overshoot waveform, allows a
reversed write current to overshoot. 1In this instance, the
overshoot generation circuit is operated in the same manner
during the degauss period during which the write head is
degaussed. Therefore, the resulting degauss current
waveform has a peak current that is higher than the write

current for attenuation by the overshoot current. However,



write head inductance and parasitic capacitance. Consequently, degaussing
cannot be perforned pronptly and properly due to a disordered degauss
current waveform which causes the actual peak current to change. The
current does not snoothly attenuate to zero in the end particularly if a
peak current remains in the degauss cujyent waveformat an end stage of the
degauss period, that is, after degauss current waveformreversal is
sufficiently repeated. In the above exanple, it is assunmed that the
overshoot current is 20% of the normal wite current. However, if the
reversal speed is |ow, setup may be perfornmed so that the overshoot current
is 50% or MO LbFht AECABEREY GPTPenelEPentDiFR SORAC&BHEP PsPBRFect!y
applied to the degauss current waveform the current cannot __snoot hl

att enuat e F8ryerb. vavicfpE N convent tbRAY HDDV2¥HeU896r Aol NELHEBRE P%
supplied upon wite current direction reversal during the degauss period.
As a resul VritgepaadsiRguUeannet properFyShbelpeffBRARHESIRASt he conventi onal
HDD. [0033% The present invention has been nmade in view of the abqve

ci r cunst anEeBSeTHEN bt BseABIPHEEARPORPPREYI B BERAPE™SHi BKOHPF V¥ #RAt s
capabl e of perform ng degaussing 23 pronptly and properly and a recordi ng
met hod forPHigeeYhdugueh a Aapardpsrdddpyaiiss current waveform,

which causes the actual peak current to change. The
current does not smoothly attenuate to zero in the end
particularly if a peak current remains in the degauss
current waveform at an end stage of the degauss period,
that is, after degauss current waveform reversal is
sufficiently repeated. In the above example, it is assumed
that the overshoot current is 20% of the normal write
current. However, if the reversal speed is low, setup may
be performed so that the overshoot current is 50% or 100%
of the normal write current. If such setup is directly
applied to the degauss current waveform, the current cannot
smoothly attenuate to zero. In the conventional HDD, the
overshoot current is supplied upon write current direction
reversal during the degauss period. As a result,

degaussing cannot properly be performed in the conventional

HDD.
[(0033]

The present invention has been made in view of the
above circumstances. The present invention provide a hard

disk drive that is capable of performing degaussing



[ Means for Solving the Problens] [0034] According to a first aspect of the
present invention, there is provided a hard disk drive, which includes a
magneti c recording nmediumand a wite head for witing data onto the
magneti c recording medi um wherein the polarity of a current flowing to the
wite head is reversed in accordance wyy{h the data to wite the data onto
the magnetic recording nedium the hard disk drive conprising: a first
current source for supplying a first current, which flows to the wite
head, in order to wite the data onto the magnetic recordi ng nmedium a
second current source for sugplying a second current, which flows to the
wite headPTdRRRHY hRNPOPEPPEYLBf 2RRedf FRSPTEHRY cHEtReRangEsSE ¥aktchi ng
circuit for reversing the polarities of currents flowing fromthe first and
second curFeqR as%®¥ge§l¥% €h&V@rite head; and a control circuit for
exercising control after the data is conpletely witten so that the second
current, whYeans| 645 FPLHirHetBRcBREPI8UFt ent source to the wite head when
t he polaritg of the first current is reversed, becones approximtely zero
before thelfP3$t current converges to approximately zero during a degauss
period during which the wite head is 24 degaussed by flowing the first
current to the wilecRBGENIWFPhat heTPbl aFPEYToPLt HRST PFEESRArrent reversed
whil e the

invention, there is provided a hard disk drive, which
includes a magnetic recording medium and a write head for
writing data onto the magnetic recording medium, wherein
the polarity of a current flowing to the write head is
reversed in accordance with the data to write the data onto
the magnetic recording medium, the hard disk drive
comprising: a first current source for supplying a first
current, which flows to the write head, in order to write
the data onto the magnetic recording medium; a second
current source for supplying a second current, which flows
to the write head, when the polarity of the first current
changes; a switching circuit for reversing the polarities
of currents flowing from the first and second current
sources to the write head; and a control circuit for
exercising control after the data is completely written so
that the second current, which flows from the second
current source to the write head when the polarity of the
first current is reversed, becomes approximately zero
before the first current converges to approximately zero

during a degauss period during which the write head is



first current is attenuated. Consequently, the hard disk drive according to
the first aspect of the present invention may degauss the wite head
pronptly and properly. [0035] According to a second aspect of the present
invention, there is provided the hard disk drive as described above,
wherein the control circuit stops the sgecond current, which flows fromthe
second current source to the wite head, during the degauss peri od.
Consequently, the hard disk drive according to the second aspect of the
present invention nmay degauss the wite head pronptly and properly. [0036]
According to a third aspect of the Present invention, there is provided the
hard di sk de9aeseaad besel PHEac abbs el 1vker eihrehe Ednthel vetFeuleafincl udes a
swtch that is positioned between the wite head and the_ second current
source; andiwmerles pelrritwteh shepsirpe curcont tayeered WRALLR FPBws from
the second current source to the wite head. Consequently, the hard disk
drive acchbtEfhgCiBreRe ihirELERPRERdof FRRSPTEERAIY T nbBAt PBRINEYSKdegauss
the wite head pronptly and properly although a_ sjnple configuration is
enpl oyed. P51YOORTFOLRERY dFAgtEe AiFshrafPaspett bRetRESPFREent

invention may degauss the write head promptly and properly.
[0035]

According to a second aspect of the present
invention, there is provided the hard disk drive as
described above, wherein the control circuit stops the
second current, which flows from the second current source
to the write head, during the degauss period. Consequently,
the hard disk drive according to the second aspect of the
present invention may degauss the write head promptly and
properly.

[0036]

According to a third aspect of the present
invention, there is provided the hard disk drive as
described above, wherein the control circuit includes a
switch that is positioned between the write head and the
second current source; and wherein the switch stops the
gsecond current, which flows from the second current source
to the write head. Consequently, the hard disk drive
according to the third aspect of the present invention may
degauss the write head promptly and properly although a

simple configuration is employed.



invention, there is provided the hard disk drive as described above,
wherein the control circuit further includes an AND circuit into which a
wite control signal for indicating a period for witing the data and the
wite data for reversing the polarity of a first current, which flows from
the first current source, are input; amng wherein the switch is controlled
in accordance with an output fromthe D circuit. Consequently, the hard

di sk drive according to the fourth aspect of the present invention nay
degauss the wite head pronptly and properly although a sinple
configuration is enpl oyed. [0038] According to a fifth aspect of the present
i nvention, [8%%&fE is provided the hard disk drive as described above,
wherein the second current, which flows fromthe_second current source to
the wite head, isACSeHpped By ?eboerhy 2PReSecdhdtRerPERES MNi ch is out put
fromthe second current source, to approximately zero.  Consequently, the
hard di sk HrYsetherorghedet 5StRECTided thrper¥d ofithedpiBeeR® i nvention may
degauss the wite head pronptly and properly_although a si

¥

. npl e
confi gur at feRCTsbe@npprayed. "RBr ALR ok F ngPRBT @l sFXFRUAS pERECBELt he present

invention, there is provided the hard di sk drive as
includes an AND circuit into which a write control signal

for indicating a period for writing the data and the write
data for reversing the polarity of a first current, which
flows from the first current source, are input; and wherein
the switch is controlled in accordance with an output from
the AND circuit. Consequently, the hard disk drive
according to the fourth aspect of the present invention may
degauss the write head promptly and properly although a
simple configuration is employed.

[0038]

According to a fifth aspect of the present
invention, there is provided the hard disk drive as
described above, wherein the second current, which flows
from the second current source to the write head, 1is
stopped by reducing the second current, which is output
from the second current source, to approximately zero.
Consequently, the hard disk drive according to the fifth
aspect of the present invention may degauss the write head
promptly and properly although a simple configuration is

employed.



descri bed above, wherein the control circuit stops the second current,
which flows to the wite head, by exercising control to reduce the second
current, which is output fromthe second current source, to approximtely
zero. Consequently, the hard disk drive according to the sixth aspect of

t he present invention may degauss the fte head pronptly and properly

al though a sinple configuration is enployed. [0039] According to a seventh
aspect of the present invention, there is provided the hard disk drive as
descri bed above, wherein the control circuit reverses the polarity of the
second current while attenuating the second current to approximtely zero
during a second atPefonfiBe tPefi SdXthhrERSFS SQRokFherPYRER1E first
attenuation period during which the first current converges to

appr oxi mat ényentien, EBAseqlENPFYVieRd RApdhardkidpkvera¥€ording to the
seventh aspect of the present invention may degauss the wite head pronptly
and properﬁ?sﬁF%F%ﬁgﬁbaV§inﬁb@reéﬁanauFa?géﬂli§1éﬁBF5y§HQPFO§EG] Accor di ng
to an eighth aspect of the present invention, there is provided the hard

di sk drivesasopd geseenbedvabsbel lPuFt her tEBnPFisEngeadre§ister for setting

a current value for the second current, which is supplied _ ,
exercising control to reduce the second current, which is

output from the second current source, to approximately
zero. Consequently, the hard disk drive according to the
sixth agpect of the present invention may degauss the write
head promptly and properly although a simple configuration
igs employed.

[0039]

According to a seventh aspect of the present
invention, there ig provided the hard disk drive as
described above, wherein the control circuit reverses the
polarity of the second current while attenuating the second
current to approximately zero during a second attenuation
period, which is shorter than a first attenuation period
during which the first current converges to approximately
zero. Consequently, the hard disk drive according to the
seventh aspect of the present invention may degaussg the
write head promptly and properly although a simple
configuration is employed.

[0040]
According to an eighth aspect of the present

invention, there is provided the hard disk drive as



fromthe second current source, wherein, during the degauss period, the
second current attenuates to approximtely zero wthin the second
attenuation period in accordance with a register value that is stored in
the regi ster. Consequently, the hard disk drive according to the eighth
aspect of the present invention may stegdily perform degaussing. [0041]
According to a ninth aspect of the present invention, there is provided the
hard di sk drive as described above, wherein the register value is variable.
Consequently, the hard disk drive according to the ninth aspect of the
present invention may generate a preferred, degauss current maveforn1mnth
ease. [0043FSarEBedi AGOVE  aftEhtRTaSpBRT16EPne pFELERET LRYeRECGA St here is
provi ded a recording nethod for_a hard _disk drive, which includes a

magneti c rBcEREFRBtnEdLUm ARE CHOWFPEENAeSHTFERtw WRLRE d&t SUBREdSFhe
magneti c recordlng medi um wherein the polarity of a current flowing to the
write headfremr Bher §8EORA SHEBRBENERUHFER WH@rléFa f8raRet Ehet HE984E5 ont o

t he magnetic recording nedium the recording nmethod conp r|S|n% t he steps
of : flow ngeaipfy stheuppernd QHrKﬁPEhaFEegﬂﬁbﬁﬁeHOfPBHFSXFWP§F urPERt

source, to the wite head; reversing the polarity of the first %urrent,
whi ch within the second attenuation period in’ accordance with a

register value that is stored in the register.
Consequently, the hard disk drive according to the eighth
aspect of the present invention may steadily perform
degaussing.

[0041]

According to a ninth aspect of the present
invention, there is provided the hard disk drive as
described above, wherein the register value is variable.
Consequently, the hard disk drive according to the ninth
aspect of the present invention may generate a preferred
degauss current waveform with ease.
foo42]

According to a tenth aspect of the present
invention, there is provided a recording method for a hard
disk drive, which includes a magnetic recording medium and
a write head for writing data onto the magnetic recording
medium, wherein the polarity of a current flowing to the
write head is reversed in accordance with the data to write
the data onto thevmagnetic recording medium, the recording

method comprising the steps of: flowing a first current,



flows to the wite head, in accordance with the data; flow ng, when the
polarity of the first current is reversed, the first current and a second
current, which is supplied froma second current source, to the wite head,
perform ng, after conpletion of a wite onto the magnetic recording
medi um degaussing with the polarity of,4he first current reversed while
attenuating the first current, which flo fromthe first current source to
the wite head; and reducing the second current, which flows fromthe
second current source to the wite head when the polarity of the first
current is reversed, to_approximately zero before the first current
conver ges voiapptexpuapeigdzEremwat hiksh CHEEaNEsSPEEFBd 80r fRE WELER t he
degaussing is perfornmed. Consequently, the recording nethod according to
the tenth haapecreverehedprbseRPlpRBHt PENtHEKESTPE FUEEPBFe WHi1@Bgauss the
wite head fronptly and properly. [0043] According to an el eventh aspect of
t he presentlovaveat Fba, wrherehpadpr i dedordenfar yiahskhar iféaas descri bed
above, wherein the second current, which flows fromthe second current
source, isfseepped whenngheheolasghis Lpéhicodiresnsaquait yis 1RV di sk
drive according to the eleventh aspect of the Bresent i nvention 29 may
degauss t heher fieshegdrpeBipENY andcpPBPefrryrenpoquhich is supplied

from a second current source, to the write head; performing,

after completion of a write onto the magnetic recording

medium, degaussing with the polarity of the first current

reversed while attenuating the first current, which flows

from the first current source to the write head; and

reducing the second current, which flows from the second

current source to the write head when the polarity of the

first current is reversed, to approximately zero before the

first current converges to approximately zero within a

degauss period during which the degaussing is performed.

Consequently, the recording method according to the tenth

aspect of the present invention makes it possible to

degauss the write head promptly and properly.

[0043]

According to an eleventh aspect of the present

invention, there is provided the hard disk drive as

described above, wherein the second current, which flows

from the second current source, is stopped during the

degauss period. Consequently, the hard disk drive

according to the eleventh aspect of the present invention




According to a twelfth aspect of the present invention, there is provided
the recording nethod as described above, wherein a current flowng fromthe
second current source to the wite head is stopped by turning off a switch
that is provided between the second current source and the wite head.
Consequently, the hard disk drive accq&ping to the twelfth aspect of the
present invention nmay degauss the wit€ head pronptly and properly although
a sinple configuration is enployed. [0045] According to a thirteenth aspect
of the present invention, there is provided the recording nethod as

descri bed above, wherein the polarity of the second current 1is reversed
whi |l e att enavtdegeede seeovdiearhead pvomaphy oxRABPEPHSFE¥o duri ng a second
attenuation period, which is shorter than a first attenuation period during
whi ch the f9944] current converges to approximately zero. [0046] According
to a fourteenth aspect of the present invention, there is provided the
recordi ng met hod a&cceredERd bed abbyelfWheraPack hef sekenare&erent att enuates
to approximately zero within the second attenuation period in accordance
with a regiBVerti@iuethene is BYevidefnthe spereyisprarmebhodeffing a current

value for the second current, which is supplied fromthe second current
sour ce. described above, wherein a current flowing from the second

current source to the write head is stopped by turning off
a switch that is provided between the second current source
and the write head. Consequently, the hard disk drive
according to the twelfth aspect of the present invention
may degauss the write head promptly and properly although a
simple configuration is employed.

[0045]

According to a thirteenth aspect of the present
invention, there is provided the recording method as
described above, wherein the polarity of the second current
is reversed while attenuating the second current to
approximately zero during a second attenuation period,
which is shorter than a first attenuation period during
which the first current converges to approximately zero.
[0046]

According to a fourteenth aspect of the present
invention, there is provided the recording method as
described above, wherein the second current attenuates to
approximately zero within the second attenuation period in

accordance with a register value that is stored in a



Consequently, the hard disk drive according to the fourteenth aspect of the
present invention may steadily perform degaussing. [Advantages of the
invention] [0047] The present invention provides a hard disk drive that is
capabl e of perform ng degaussing pronptly and properly. [Best Mde for
Carrying Qut the Invention] [0048] Prefgrred enbodi nents of the present

i nvention are described below For the sake of clarity in explanation, the |
foll ow ng descriptions and acconpanyi ng drawi ngs are abbreviated or

sinmplified as appropriate. Persons of skill in the art will appreciate that
changes, additions, and variations may be applied w_thout departure from

the scope TaE#SERFrfProfethdngr 8sENETERFeEilyS, [OkdNE SRIARY i FPIFRINE .

drawi ngs are denoted by_like reference nunmerals and will not be described
repeat edl ywhaeht he suRBloeAcFaPmt YheFPRSPIENBBEF RBAt SOPH689] A first

enbodi ment of the present_invention will now be described in detail with

ref erence £BREREUSALA¥coRPENYPRE Biafi AL Verarcesddnds tondbfst andi ng of the

present invention, the overall configuration of a hard disk _
fourteenth aspect of the present invention may steadily

perform degaussing.
[Advantages of the Invention]
[0047]

The present invention provides a hard disk drive
that is capable of performing degaussing promptly and
properly.

[Best Mode for Carrying Out the Invention]
[0048]

Preferred embodiments of the present invention are
described below. For the sake of clarity in explanation,
the following descriptions and accompanying drawings are
abbreviated or simplified as appropriate. Persons of skill
in the art will appreciate that changes, additions, and
variations may be applied without departure from the scope
and spirit of the present invention. Like elements in the
drawings are denoted by like reference numerals and will
not be described repeatedly for the sake of clarity.

First Embodiment
[0049]
A first embodiment of the present invention will

now be described in detail with reference to the



drive (HDD), which is an exanple of a recording nedia drive, w/ll be first
outlined. Fig. 1 is a block diagramthat schenmatically shows the
configuration of an HDD 1 according to the present enbodi nent. The HDD 1
conprises a magnetic disk 11, which is a typical recording nmedium a head
el ement section 12, which is a typical hegad, an arm electronic circuit (arm
el ectronics or AE) 13, a spindle notor (SPM 14, and a voice coil notor
(VCM 15. These conponents are positioned within a hernetically seal ed
encl osure 10. [0050] The HDD 1 includes a circuit board 20, which is
fastened to the outer surface of the enclosure 10. Mounted on the circuit
board 20 aPECAMPBRULWAI fEa¥RRARel FRFW2ERaRhelNdorsStanddngr odr ther unit 22,
an integrated circuit incorporating a_hard disk controller gHDC) and an MPU
(this int Eé?é?@é éPV@BFthPs ﬁ@@epﬁﬁrﬁé# Fepréipegatéorsofhe A NREK 23, a
RAM 24, which is é/ pi cal nenory, and other _|ICGCs. The Ci rcwcgil copponent s
may be int éﬁﬁ-éfﬁedHPH 0 é\’hl§bndlseainceé<ra“}ﬁ>&@ntoéd B EEAWERE iIMPE DI WSty of
| Cs. [0051] .The HDC/ MPU 23 receives wite data froman external host 51.
The head elékenPesédtrbnoed lifPfes FRE récéPvedP3oHr PLaddafatoRto t he
magnetic disk 11 via_the RFWchannel 21 and AE 13. Data stored on the
nmagneti c d§§QeTQtF§aﬂé§dSBQWS the configuration of an HDD 1 according

to the present embodiment. The HDD 1 comprises a magnetic

disk 11, which is a typical recording medium, a head

element section 12, which is a typical head, an arm

electronic circuit (arm electronics or AE) 13, a spindle

motor (SPM) 14, and a voice coil motor (VCM) 15. These

components are positioned within a hermetically sealed

enclosure 10.

[0050]

The HDD 1 includes a circuit board 20, which is

fastened to the outer surface of the enclosure 10. Mounted

on the circuit board 20 are a read/write channel (R/W

channel) 21, a motor driver unit 22, an integrated circuit

incorporating a hard disk controller (HDC) and an MPU (this

integrated circuit is hereinafter referred to as the

HDC/MPU) 23, a RAM 24, which is a typical memory, and other

ICs. The circuit components may be integrated into a

single IC or mounted separately in a plurality of ICs.

[0051]

The HDC/MPU 23 receives write data from an external

host 51. The head element section 12 writes the received



t he head el enment section 12. The HDC/ MPU 23 then outputs the read data to
the external host 51 via the AE 13 and RFRW channel 21. [0052] The
conponents of the HDD 1 will now be described. First of all, the drive
mechani sm for the magnetic disk 11 and head el enent section 12 will be
summarized wwth reference to Fig. 2. The magnetic disk 11 is fastened to a
hub of the SPM 14. The SPM 14 rotates the nmagnetic disk 11 at a
predet erm ned speed. In accordance with control data that is supplied from
the HDC/ MPU 23, the notor driver unit 22 drives the SPM 14. The nagnetic
disk 11 according to the gresent enmbodi.nment has.a data_reco ding surface on
both side¥TifRadPeRciBRP SBEt TRAEREEEC (AbERshbwhi?ntREgR/Y) CARBRS)r 6Vi ded to
handl e both recordi ng surfaces. [0053% Each head elengnt section 1% is
fastened t®°Q P&l 1der RBC2TAECEPHJRR 18| BaPEStened 6 alcaPrF588 2¥. The
carriage 17 is fastened to the VCM 15. The VCNI%S oscilhates to nove the
slider 16 &A@ head efenent Sectioh l42. The WBtoYFYr#verGRi PUBBUHFI ves the
VCM 15 in accordance with the control _data supplied Lron1the HDC/ MPU 23. 33
[0054] To F%%dr%%@ad?F%n¥%rtRFi?%tﬁéPﬁloﬁ?%ttﬁg WhgnebpcAE 13 and R/W

channel 21.
[0052]

The components of the HDD 1 will now be described.
First of all, the drive mechanism for the magnetic disk 11
and head element section 12 will be summarized with
reference to Fig. 2. The magnetic disk 11 is fastened to a
hub of the SPM 14. The SPM 14 rotates the magnetic disk 11
at a predetermined speed. In accordance with control data
that is supplied from the HDC/MPU 23, the motor driver unit
22 drives the SPM 14. The magnetic disk 11 according to
the present embodiment has a data recording surface on both
gsides. Head element sections 12 (not shown in Fig. 2) are
provided to handle both recording surfaces.
[0053]

Each head element section 12 is fastened to a
slider 16. The slider 16 is fastened to a carriage 17.
The carriage 17 is fastened to the VCM 15. The VCM 15
oscillates to move the slider 16 and head element section
12. The motor driver unit 22 drives the VCM 15 in
accordance with the control data supplied from the HDC/MPU

23.



di sk 11, the carriage 17 noves the slider 16 and head elenent section 12 to
a location over a data area on a surface of the nagnetic disk 11. Wen the
carriage 17 oscillates, the slider 16 and head el enment section 12 radially

nove over the surface of the magnetic disk 11. In this manner,

t he head

el ement section 12 accesses a desired ea. [0055] The pressure invoked by
the viscosity of the air between the ABS (air bearing surface) of the
slider 16, which faces the magnetic disk 11, and the rotating magnetic

di sk 11 bal ances with a force that is applied toward the nagnetic disk 11
by the carriage 17. Consequently, the head el enent section 12, which is
fastened t&9Phdl slider 16, flies above the magnetic disk 11, providing a

certain clearance to the magnetic disk surface. Typically, the

head

el enent section 12TRa%eadofi@ ﬁl@E%mr%édWﬁkF?edﬁE%dontRhFEﬁ PASFGEAS a write

head for converting an electrical signal to a_magnetic field

in accordance

with data dt8kedlon“PRecAtghaefcldi RVES &hE altdan head fofS@Bnverting a

magnetic field, which is generated fromthe nagnetic disk 11,

to an

el ectri cal e5PHRAAF . STRE; @ shAuFE BelaFaFéast 0'6% andghet pECdi SR 21. A
recording surface may be formed on _34 either or both sides of the nmagnetic

di sk 11. [gggg?ce of"the magnetic disk 11. When the carriage 17

oscillates, the slider 16 and head element section 12

radially move over the surface of the magnetic disk 11. 1In

this manner, the head element section 12 accesses a desired

area.

[0055]

The pressure invoked by the viscosity of the air

between the ABS (air bearing surface) of the slider 16,

which faces the magnetic disk 11, and the rotating magnetic

disk 11 balances with a force that is applied toward the

magnetic disk 11 by the carriage 17. Consequently,

the

head element section 12, which is fastened to the slider 16,

flies above the magnetic disk 11, providing a certain

clearance to the magnetic disk surface. Typically,

the

head element section 12 has a one-piece read/write head,

which includes a write head for converting an electrical

signal to a magnetic field in accordance with data stored

on the magnetic disk 11 and a read head for converting a

magnetic field, which is generated from the magnetic disk

11, to an electrical signal. There should be at least one

magnetic disk 11. A recording surface may be formed on



Returning to Fig. 1, each circuit section will now be described. The AE 13
sel ects one head el enent section 12 froma plurality of head el enent
sections 12 for the purpose of accessing data, anplifies (with a
preanplifier) at a certain gain the read signal read by the sel ected head

el ement section 12, and forwards the ang{ified read signal to the RRW
channel 21. Further, the wite signal output fromthe R ' Wchannel 21 is
delivered to the selected head elenment section 12. The AE 13 exerci ses
distinctive control during a degaussing process as described later. [0057]
The R/ 'Wchannel 21 perfornms a wite process on data that is transferred from
the host 5¢itPartAe RPthesprseess, thenvaanoréfafdhek 21 -receives wite data
fromthe HDCl MPU 23, and subjects the wite data to code nodul ati on. The AE
13 receivé80PRé wite data, which is code-nodul ated by the RR'W channel 21,
converts the received wite data.to a wite signal (electrical current),

and supplies the mBPFBrgﬂﬁﬁaFo Fé9thé wepfR RéaAYiknFeRtdeRpydéd PRY head

el enent sectian Wen data is to be supplied tqg the host 51, the RRW
channel 1bﬁe@ﬁ§Fﬁéb§dreaah6r65e§§ SeheEhE PEédhEP6c€%§meth§eﬂE1f§ recei ves
a read signal fromthe read head, which_ conposes the head elenent section
12, and anpRi fre® ehBlusalétyi eédhraddeirBREF F6CR1PBSA1SI GRAI CHEVi ng a

certain anplitude. The R'Wchannel 21 extracts data fromthe
purpose of accessing data, amplifies (with a preamplifier)

at a certain gain the read signal read by the selected head
element section 12, and forwards the amplified read signal
to the R/W channel 21. Further, the write signal output
from the R/W chanﬁel 21 is delivered to the selected head
element section 12. The AE 13 exercises distinctive
control during a degaussing process as described later.
[0057]

The R/W channel 21 performs a write process on data
that is transferred from the host 51. 1In the write process,
the R/W channel 21 receives write data from the HDC/MPU 23,
and subjects the write data to code modulation. The AE 13
receives the write data, which is code-modulated by the R/W
channel 21, converts the received write data to a write
signal (electrical current), and supplies the write signal
to the write head, which composes the head element section
12. When data is to be supplied to the host 51, the R/W
channel 21 performs a read process. In the read process,
the AE 13 receives a read signal from the read head, which

composes the head element section 12, and amplifies the



obtai ned read signal and perforns a decodi ng process on the extracted data.
The data to be read contains user data and servo data. The decoded read
data is supplied to the HDC MPU 23. [0058] The HDC/MPU 23 is a circuit

wi thin which the MPU and HDC are integrated into a single chip. The MPU
operates in accordance with mcrocode that is |oaded into the RAM 24. \Wen
the HDD 1 starts up, the magnetic disk 11 or ROM (not shown) | oads the data
required for control and data processing into the RAM 24 in addition to the
m crocode for MPU operation. The HDC/ MPU 23 perforns necessary processes

for head el enment sectiqQn positioning cgntrol, interface control, defect
management Te8R4VEar F8ae SoPRel 88t & pFEEeSiPRELopEYAPPoRs CCARA 8xer ci ses
overall control qver the H The HDC/ MPU 23 i_s capabl e of

_ 1. [0059
i nterfaci ng"MithUeRe hHBSLR T,Cgﬁﬂn?écéﬂv@§tE§EFsd pga fegd ggﬁn&nd, wite
command, and ot her. commands from the host 51. The HDC/ MPU 23 transfers the
recei ved uSBFa4aed ¥8EhEl BN cRRANBFT 22T ™S Far PREPILRHe PHEEFRPUCE3 tifansnit s
read data, which is _acquired fromthe gnhetic disk via the FVVVchaaneI 21,
to 36 the R¥&Fasied| dabddi t FBR, dphe fPEF23 BePFBLRE HASEr F8F2 8BFrection

(ECC) process on _user data that is obtained from ,
gservo data. The decoded read data is supplied to the

HDC/MPU 23.
[0058]

The HDC/MPU 23 is a circuit within which the MPU
and HDC are integrated into a single chip. The MPU
operates in accordance with microcode that is loaded into
the RAM 24. When the HDD 1 starts up, the magnetic disk 11
or ROM (not shown) loads the data required for control and
data processing into the RAM 24 in addition to the
microcode for MPU operation. The HDC/MPU 23 performs
necessary processes for head element section positioning
control, interface control, defect management, and various
other data processing operations, and exercisesg overall
control over the HDD 1.

[0059]

The HDC/MPU 23 is capable of interfacing with the
host 51, and receives user data, read command, write
command, and other commands from the host 51. The HDC/MPU
23 transfers the received user data to the R/W channel 21.
Further, the HDC/MPU 23 transmits read data, which is

acquired from the magnetic disk via the R/W channel 21, to



the host 51 or read fromthe magnetic disk 11. The HDD 1 according to the
present enbodi nent transmts data (comrands, user data, and control
i ncluded) to and receives the data fromthe host 51 via a serial or

paral |l e

comuni cations link. [0060] The data to be read by the RF'W

21 includes user data and servo data. Tie HDC/ MPU 23 uses the servo
exerci se positioning control over the head el enent section 12. The c
data supplied fromthe HDC/ MPU 23 is output to the notor driver unit
The notor driver wunit 22 supplies a drive current to the VCM 15 in
accordance with a control siaﬁal. Furt her t?e HDC/ MPU 23 wuses the s

data to cohffolcstdata r&Bd?

i E&°Pr obBEsHPC{MBB 17 3 TRET EBRMPgaPaft BRT

performng a degaussingﬁggrocess in the HOD wi Il now be described _wt

ref erence FBrrErgEon3!
t he HDD. Fi

4 is a timng diagramijllustrating_si waveforms_fo

) nal
degaussing?g%ﬁh%§5n%¥eOFnrﬁﬁﬁcﬁrPWethE Tégn%BhFr6F§%alaegaE§§iHBDpFoc
will be described in accordance with the present enbodi ment. [0062]
First of aPFCOFRENgohPi BUPaPFefAcBE EREOAETGALfbFangBetFndRhe& HDD accor di ng
to the present invention w.ll be

(commands, user data, and control data included) to and
receives the data from the host 51 via a serial or parallel
communications link.

[0060]

The data to be read by the R/W channel 21 includes
user data and servo data. The HDC/MPU 23 uses the servo
data to exercise positioning control over the head element
section 12. The control data supplied from the HDC/MPU 23
is output to the motor driver unit 22. The motor driver
unit 22 supplies a drive current to the VCM 15 in
accordance with a control signal. Further, the HDC/MPU 23
uses the servo data to control a data read/write process.
[0061]

The configuration for performing a degaussing
process in the HDD will now be described with reference to
Figs. 3 and 4. Fig. 3 shows the configuration of the AE in
the HDD. Fig. 4 is a timing diagram illustrating signal
waveforms for degaussing. An example in which the AE 13
controls a degaussing process will be described in
accordance with the present embodiment.

[0062]
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described with reference to Fig. 3. As showmn in Fig. 3, the AE 13 conpri ses
a wite current generator 160, a degauss waveform generator 170, a single
shot (S/S) 141, and an AND (logical product) circuit 142. The wite

current generator 160 conprises transistors 16la, 161b, 162a, 162b,

swi tches 163, 164, and current sources 5, 166. The basic configuration of
the wite current generator 160 is the sanme as that of the wite current
generator 260 in a conventional HDD, which is shown in Figs. 6 (a) and 6
(b). The transistors 16la and 161b are referred to as transistors 161,
whereas the transistors 162a_and 162b are referred to as_transistors 162.
During a normal wfiest pefiabl anthencarEbyyanetoni h &S BRatl3shphlied from
the R Wchannel 21 and a signal supplied froman HDC 26, which_ s a part
of the HDCAMPULR3the WEDRr REECEGERENEC genRrBFoFe Y 6bNYRRELE AR eY1al PPt e
current that is to_be supplied to a wite head 150. During_a degauss period
and in acceéediarteedwikhsrgharensappPi B3 f rom the %@@Hﬂsénm59§fogn1generator
170 and AND (| ogical product) circuit 142, the wite current generator 160
gener at es %h@w%ﬁel%u?@%ﬁ¥l¥ﬁ§tai@r%6e Berseppl PeEc¥atPhel@Pi t 8 head 150. The
degauss waveform generator 170 generates a degauss enabl e signal 171,
degauss wrA€S2WSE aVENBE QYD I9STIRAN HY §i tAl SHATAS (BACL 385(4) uk$li74 in
accordance with a wite control signal (wite ate signal),llS that is

suppl i ed f AR aRANPC(bggical product) circuit I42. The write

current generator 160 comprises transistors 16la, 161b,
162a, 162b, switches 163, 164, and current sources 165, 166.
The basic configuration of the write current generator 160
is the same as that of the write current generator 260 in a
conventional HDD, which is shown in Figs. 6 (a) and 6 (b).
The transistors 16la and 161lb are referred to as
transistors 161, whereas the transistors 162a and 162b are
referred to as transistors 162. During a normal write
period and in accordance with a signal supplied from the
R/W channel 21 and a signal supplied from an HDC 26, which
is a part of the HDC/MPU 23, the write current generator
160 generates a write current that is‘to be supplied to a
write head 150. During a degauss period and in accordance
with signals supplied from the degauss waveform generator
170 and AND (logical product) circuit 142, the write
current generator 160 generates a write current that is to
be supplied to the write head 150. The degauss waveform
generator 170 generates a degauss enable signal 171,

degauss write data DWD 172, 173, and digital data (DAC



[0063] First of all, the normal wite period during which a normal wite is
performed relative to the magnetic disk w1l be described. The R Wchannel
21, which is mounted on the circuit board 20, enters wite data (WD) 111,
112 into the AE 13. Fig. 3 shows two wite data signal |ines because W 111
and 112 are transmtted as differentialgg signals. Wite data 111 (+WD) is a
signal that is a reversal of wite data 112 (-WD). More specifically, when
the +WD 111 is High, the -WD 112 is Low. Wen the +WD 111 is Low, the -WD
112 is High. The data to be witten onto the nagnetic disk varies in

accordance with WD 111 and 112. 0064] Further, the 26, ich.js
mount ed onv#he®) ctFEuik %%%?Hd%@?ée%% sat%ElV?i?%nEﬁﬁﬁf%Fgg?gﬂéWriE% into

the AE 13. The wite control signal 113 iqgi ates whether a wite is to be
per for med 92FatF4e3b the3 nblypkbrie SpRRl1E PPetie BeFidPned in accordance

with the wite control signal 113. Mre specifically, when the wite
control st§h@?! 113 is High, a current flows to the wite head 150 so that
a wite is perfornmed relative to the nagnetic_disk. .Wjen, on the, ot her
hand, the wite coftfdf of ghal- i EPEOWPT b Write PETpe faPﬁéagrﬂbéF ve to
the magnetic disk, As 39 described above, a normal wite process.

per f or med ¥NRPENAE BT 1k ¢ t &5 cCBRTFBF™S gﬁ%}aﬁi§eiEOFFBﬁ.m?ﬂEeEbF Fsewite

will be described. The R/W channel 21, which is mounted on
the circuit board 20, enters write data (WD) 111, 112 into
the AE 13. Fig. 3 shows two write data signal lines
because WD 111 and 112 are transmitted as differential
gsignals. Write data 111 (+WD) is a signal that is a
reversal of write data 112 (-WD). More specifically, when
the +WD 111 is High, the -WD 112 is Low. When the +WD 111
is Low, the -WD 112 is High. The data to be written onto
the magnetic disk varies in accordance with WD 111 and 112.
[0064]

Further, the HDC 26, which is mounted on the
circuit board 20, enters the write control signal 113 into
the AE 13. The write control signal 113 indicates whether
a write is to be performed relative to the magnetic disk.
A write is performed in accordance with the write control
signal 113. More specifically, when the write control
signal 113 is High, a current flows to the write head 150
so that a write is performed relative to the magnetic disk.
When, on the other hand, the write control signal is Low,

no write is performed relative to the magnetic disk. As



period is a period during which the wite control signal 113 is High.

[ 0065] The +WD is input to a (A contact of a swtch 131. The -WD is input
to a (A contact of a switch 132. The swi tches 131 and 132 select (A
contact during the normal wite period during which the wite control

signal 113 is Hgh. State changes in the switches 131 and 132 are
controll ed by the degauss enable signal 171 as described |ater. The output
of the switch 131 is input to a base termnal of the transistor 161. The
output of the switch 132 is input to a base termnal of the transistor 162.
Therefore, the signals input to the base termnals of the transistors 161
and 162 whégschébsdi pbpEs 131 ngaial3yrisel pEeCceAF dénbaatoaredphile and
112, which are supplied fromthe R/ Wchannel 121. During the normal wite
period, thBrePsicee £RELEPReEiPpAlofl 1BhdscHipbnt gbRerREEG LY THRE wite
current generator 160 varies in accordance with WO 111 and 112. More

speci fi cal Pgrigieast RePewbodl furd ng yhicht hbet WaRsescortrel ©demslon and t he
transistor 162 turns_ off. In this instance, a wite current flows fromleft
to right Wehitf HAEbwite head 150, which is shown in Fig. 3. Wen, on the
ot her hand, the -WD 112 is Hi gh, the 40 transistor 161 turns off and the
transi stor [28858urns on. In this instance, a wite current flows fromright

to left
The +WD is input to a (A) contact of a switch 131.

The -WD is input to a (A) contact of a switch 132. The
switches 131 and 132 select (A) contact during the normal
write period during which the write control signal 113 is
High. State changes in the switches 131 and 132 are
controlled by the degauss enable signal 171 as described
later. The output of the switch 131 is input to a base
terminal of the transistor 161. The output of the switch
132 is input to a base terminal of the transistor 162.
Therefore, the signals input to the base terminals of the
transistors 161 and 162 when the switches 131 and 132
select (A) éontact are WD 111 and 112, which are supplied
from the R/W channel 121. During the normal write period,
therefore, the direction of the current generated by the
write current generator 160 varies in accordance with WD
111 and 112. More specifically, when the +WD 111 is High,
the transistor 161 turns on and the transistor 162 turns
off. In this instance, a write current flows from left to
right within the write head 150, which is shown in Fig. 3.

When, on the other hand, the -WD 112 is High, the



within the wite head 150, which is shown in Fig. 3. Therefore, the current
is generated by the wite current generator 160 so that the direction of
the current flowing to the wite head 150 varies. The transistors 161 and
162 are current switch circuits for reversing the polarity of the current
(the direction of the current) that floys from the current sources 165 and
166 to the wite head 150. The follow ng explanation assunes that a
negative (-) current flows fromleft to right within the wite head 150
when the transistor 161 turns on with the transistor 162 turning off, and
that a positive (+) current flows_fromrjght to ,left within the wite head
150 when t hESPFAREPEL bF L 1BETBuUPRS GPg]Eh%htFﬁBS%FEHgl%ﬁartféﬁstﬁpnlng on.
The current flowing to the wite head 150 is su plied fromthe current
sour ces 165MaRRig66NFFa ERe §mWF&E%sC$€§eﬁﬁdfi@W §\EPE§‘hrEéti3g]t ﬁ?é& in the
wite current generator 160, 066% blector ternlnals of the transi stors
161 and 1691thiB EBRAnYEiEE b6 o8¢ t VoecRuppI §ROBPt ABeF+9cc Emitter
termnals of the transjstors 161 and 162 are connected to a ative supply
vol tage - VEBSBPIGFBunBNEGRBIT¢1a tRedShPtehcd183 hhd WﬁétéuFPéﬁgn§ource 165
or via the swtch 164 and the current source 166. Therefore, mhen t he
swi t ches 188N2125A8 169 £ar AR, CASCHIFEREIPPORE tBSt ABTWFPEe ThBYHARY50 vi a

the transistor. 161 or transistor 162. )
to the write head 150 varies. The transistors 161 and 162

are current switch circuits for reversing the polarity of
the current (the direction of the current) that flows from
the current sources 165 and 166 to the write head 150. The
following explanation assumes that a negative (-) current
flows from left to right within the write head 150 when the
transistor 161 turns on with the transistor 162 turning
off, and that a positive (+) current flows from right to
left within the write head 150 when the transistor 161
turns off with the transistor 162 turning on. The current
flowing to the write head 150 is supplied from the current
sources 165 and 166 via the switches 163 and 164, which are
mounted in the write current generator 160.

[0066]

Collector terminals of the transistors 161 and 162
are connected to a positive supply voltage +Vecc. Emitter
terminals of the transistors 161 and 162 are connected to a
negative supply voltage -Vee or ground (GND) via the switch
163 and the current source 165 or via the switch 164 and

the current source 166. Therefore, when the switches 163



[ 0067] The current source 165 generates and supplies a wite current for
witing onto the magnetic disk. For the sake of brevity, it is assuned that
the wite current is 50 mA. Wen a current of +50 mA or -50 mA flows to the
wite head 150, data nmay be witten onto the nagnetic disk. The current 11
supplied fromthe current source 165 dujing the normal wite period is a
wite current and fixed at 50 mA [00%@] On the other hand, the current
source 166 generates and supplies an overshoot current. It is assuned that
the overshoot current tenporarily flows fromthe current source 166 when
the polarity of the current flowwing to the wite head 150 reverses. The
current framathet citFem®isour @eraest §LoEsippP i e ofT yEanemae€heS @i YRt i on of
the current flowng to the wite head 150 changes. The switch 163 is

provi ded Bt veenghetenrkeht O5obFeesSi$5°an#®dhe wite head 150. The switch
164 is provided between the current source 166 and the wite head 150. The
switch 163[¢dnttols the current supply fromthe current source 165. The
switch 164 controls the current supply fromthe current source 166. [0069]
The switch 163, whik® ?%rﬁ%%%e%@%ﬁc?olg%ég%%ﬁ¥%Fﬁs4@n@oﬁFE%ll%§,ais

controlled in accordance with the wite control signal 113. In reality, the
switch 163wFkite current for writing onto the magnetic disk. For the

sake of brevity, it is assumed that the write current is 50
mA. When a current of +50 mA or -50 mA flows to the write
head 150, data may be written onto the magnetic disk. The
current I1 supplied from the current source 165 during the
normal write period is a write current and fixed at 50 mA.
[0068]

On the other hand, the current source 166 generates
and supplies an overshoot current. It i1s assumed that the
overshoot current temporarily flows from the current source
166 when the polarity of the current flowing to the write
head 150 reverses. The current from the current source 166
is supplied only when the direction of the current flowing
to the write head 150 changes. The switch 163 is provided
between the current source 165 and the write head 150. The
switch 164 is provided between the current source 166 and
the write head 150. The switch 163 controls the current
supply from the current source 165. The switch 164
controls the current supply from the current source 166.
[0069]

The switch 163, which i1s connected to the current



controlled by a superinposed signal 147, which is obtained when a
superinposition circuit 140 superinposes the degauss enable signal 171 over
the wite control signal 113. This control operation will be described

| ater. During the normal wite period, the wite control signal 113 is High
so that the switch 163 is on. Therefore, the current source 165 constantly
supplies a current to the wite head 150. [0070] The switch 164, which is
connected to the current source 166, is controlled in accordance with an
output that is generated fromthe AND (|l ogical product) circuit 142. \Wen
the output fromthe AND (I ogi cal product% circuit 142 oes ngh, the switch
164 turns FPHTTRe i t+5 coMErePLled ghal 2 q%r%ﬁﬂc?hﬁlB%tgﬁ? Bfitfe single
shot (S/S) 141 enter the AND (logical product) circuit 142. The AND

(1 ogi cal prodfued) THorat t1id2 tHenrANEESY hethie i T8 tomt+6f 1Signal 113 and

t he out put of the single shot (S/S% 141. éOO?l% During, the normal ite
period, thePBRPLYac ARy 2 VPRI DRPECT npididh ther sYRgfe LRoPPERFRF9141. The
single shot (S/S) 141 detects a rise edge in WD 111 and WD 112. In other
wor ds, t heViit put S'9pe ¥ HEBPQF Higt @1 sHb C Y S)4 4 49URST HEoRRE GRS éﬁﬁ?u?ﬁat

exhibits a pul se when a change occurs jn the direction of the current
f1 ow ng t MRl FiFdbal’/l Over the write control signal 113. This

control operation will be described later. During the
normal write period, the write control signal 113 is High
so that the switch 163 is on. Therefore, the current
source 165 constantly supplies a current to the write head
150.

[0070]

The switch 164, which is connected to the current
gsource 166, is controlled in accordance with an output that
is generated from the AND (logical product) circuit 142.
When the output from the AND (logical product) circuit 142
goes High, the switch 164 turns on. The write control
signal 113 and the output of the single shot (S/S) 141
enter the AND (logical ﬁroduct) circuit 142. The AND
(logical product) circuit 142 then ANDs the write control
signal 113 and the output of the single shot (S/S) 141.
[0071]

During the normal write period, the +WD 111 and -WD
112 are input to the single shot (S/S) 141. The single
shot (S/S) 141 detects a rise edge in WD 111 and WD 112.

In other words, the output of the single shot (S/S) 141



150. The output of the single shot (S/S) 141 gives a timng of a state
change of the switch 164. Since the wite control signal 113 remains Hi gh
during the normal wite period, the output of the AND (Il ogical product)
circuit 142 is the same as that of the single shot (S/S) 141 during the
normal wite period. During the normal ,jwite period, therefore, the switch
164 turns on briefly in synchronisn1mf%h arise edge in W 111 and WD 112
More specifically, the switch 164 renmains on for the reversal tine when a
change occurs in the direction of the current flowing to the wite head.
This causes a current to flow fromthe current source 166 to the wite head
150. The REFIERE B0 Ferl66 abppribRioPos FPutie WP eht CRABES| SCCUEDpI i ed
fromthe current source 165. It means that the current supplied fromthe
current sobif clQeblERFTHNtRE thROr FarT ot t BlPRIRddtPsthe WALtE0B92 Wien the
current source 166, which turns on during _the rg%ersal time only and is

used for o¥®?shobie cRriRRE Oferer afiionle L3Rt afS over shboPi %8S dRscri bed
above, it is possible to reduce the rise time (reversal tinme) that is

requi red folmine oFid eSSkt emiarde cohpfet Pyl et et afPencCatifite data

val ue change, 44 [0073] The degauss period during which degaussing is
write control signal 7113 remains High during the "normal

write period, the output of the AND (logical product)
circuit 142 is the same as that of the single shot (S/S)
141 during the normal write period. During the normal
write period, therefore, the switch 164 turns on briefly in
synchronism with a rise edge in WD 111 and WD 112. More
gpecifically, the switch 164 remains on for the reversal
time when a change occurs in the direction of the current
flowing to the write head. This causes a current to flow
from the current source 166 to the write head 150. The
current source 166 supplies 20% of the current that is
supplied from the current source 165. It means that the
current supplied from the current source 166 during the
normal write period is 10 mA.

[0072]

When the current source 166, which turns on during
the reversal time only and is used for overshoot current
generation, uses an overshoot as described above, it is
possible to reduce the rise time (reversal time) that is
required for the write current to completely reverse after

a write data value change.



performed will now be described. The degauss waveform generator 170 is used
to generate a degauss current waveform for degaussing. [0074] The wite
control signal 113 is input to the degauss waveform generator 170. The
degauss waveform generator 170 generates the degauss enable signal 171 in
accordance with the wite control signaj, 113. Mre specifically, the
degauss waveform generator 170 outputs %he degauss enabl e signal 171 when
the wite control signal 113 falls, that is, when a wite process is

foll owed by a degaussing operation at the end of the normal wite period.
The degauss enabl e signal 171 has a pul se waveformthat remains H gh for a
period thatO8d#tesponds to the degauss period during which degaussing is
performed. Wiile the degauss enable signal 171 is _High, a degaussing
operation is perfoPfededTnesdegancdi AL oper ubieh ergsvByifrAeifine the
degauss enabl e signal 171 goes Low. Since the switches 131 and 132 switch
froma (A PebherEEEIt Y14l (BPWcBAt deECAtPeEne BBEI ARPAYSSF WAHELERaussi ng
operation, the signals to be supplied to the transistors 161 and 162 change
from W 13%n@RAtOD 119 8 HEgduES WPPEEabata 999248 ¢v¥3reThe degauss
enabl e signal 171 remains H gh during a certain 45 period of tinme after the
end of the"ABERAIMwWEPYedp8rii88indand t hen goes Low agai n.

[0074]

The write control signal 113 is input to the
degauss waveform generator 170. The degauss waveform
generator 170 generates the degauss enable signal 171 in
accordance with the write control signal 113. More
gspecifically, the degauss waveform generator 170 outputs
the degauss enable signal 171 when the write control signal
113 falls, that is, when a write process is followed by a
degaussing operation at the end of the normal write period.
The degauss enable sgignal 171 has a pulse waveform that
remains High for a period that corresponds to the degauss
period during which degaussing is performed. While the
degauss enable signal 171 is High, a degaussing operation
is performed. The degaussing operation ends by the time
the degause enable signal 171 goes Low. Since the switches
131 and 132 switch from a (A) contact to a (B) contact at
the beginning of the degaussing operation, the signals to
be supplied to the transistors 161 and 162 change from WD
111 and WD 112 to degauss write data 172 and 173. The

degauss enable signal 171 remains High during a certain



[ 0075] The degauss waveform generator 170 incorporates an oscillator clock

or constant frequency generator. The oscillator clock or the like is used

to generate degauss wite data (DW) 172 and 173. For exanple, DW 172 and

173 may be 50 MHz fixed patterns. Degauss wite data 172 is referred to as
the +DWD. Degauss wite data 173 is refserred to as the -DW. Degauss wite
data 172 and 173 are referred to as the DWD. As shown in Fig. 4, DWD 172

and 173 are pul se waveforns having a predetermi ned frequency and a

hal f-cycle (5096 duty cycle) pulse width. As indicated in Fig. 4, these

pul se waveforns_appear during the degauss period only. The +DWD_172 is a
reversal die¥ird Q Tﬂeiﬁfthﬁﬁet}é%e%ri“?i%%lq}\ﬁ RERR } HEC HEPQ72° s Hi gh,

the degauss wite data 173 is Low. Wien the +DWD 172 is Low, the degauss ‘
wite dat @AFFHN GYE TR aFRBrand -DWD are half a cycle out of phase and
equal in pulse width. [0076] As indicated in Fig. 3, degauss wite data
(+DWD) 17P00%linput to a (B) contact of the switch 131, whereas degauss
wite data 173 is input to a (B) contact of the switch 132. During the
degauss period, the'S\HeEHEIS 1AV MM 1NHR R Y B HortaRerate@rdtore, DWD
172 and DWD 173 46 are input to the base termnals of the transistors 161
and 162 REGhg AR deRils Cherrrrtant chapgeyee e ipre. The

oscillator clock or the like is used to generate degauss
write data (DWD) 172 and 173. For example, DWD 172 and 173
may be 50 MHz fixed patterns. Degauss write data 172 is
referred to as the +DWD. Degauss write data 173 is
referred to as the -DWD. Degauss write data 172 and 173
are referred to as the DWD. As shown in Fig. 4, DWD 172
and 173 are pulse waveforms having a predetermined
frequency and a half-cycle (50% duty cycle) pulse width.
Ags indicated in Fig. 4, these pulse waveforms appear during
the degauss period only. The +DWD 172 is a reversgsal of the
-DWD 173. More specifically, when the +DWD 172 is High,
the degauss write data 173 is Low. When the +DWD 172 is
Low, the degauss write data 173 is High. The +DWD and -DWD
are half a cycle out of phase and egqual in pulse width.
[0076]

As indicated in PFig. 3, degauss write data (+DWD)
172 is input to a (B) contact of the switch 131, whereas
degauss write data 173 is input to a (B) contact of the
switch 132. During the degauss period, the switches 131

and 132 have a (B) contact. Therefore, DWD 172 and DWD 173



direction of the current flowing to the wite head 150 in accordance with
DW 172 and DWD 173. More specifically, when the +DW 172 goes Hi gh, the
transi stor 161 turns on. \Wen the -DW 173 goes Hi gh, the transistor 162
turns on. In this manner, the direction of the current flowing to the
wite head 150 may be changed during thg degauss period. Consequently, the
polarity of the current flowing to the wite head 150 reverses at fixed
time intervals during the degauss period. [0077] The switches 131 and 132
are controlled in accordance with the degauss enable signal 171. Wen the
degauss enabl e signal 171 goes H gh, the switches 131 and 132 change from a
(A) cont ackTe ot BP{B) teortackasent FEM RS dhatlRe BRaBPESEPERal€473¢s Hi gh,
the switches 131 and 132 _have a (B), contact. Wen the degauss enabl e signal
171 goes Lo, TERENGWF R 1B3IF99S aMET 132 1 A eF RIS OFAY T EontatS  The
switches 131 and 132 have a (A) contact during the nornmal wite period
during whi ¢hreRel i ®e EbRt FOFrengnatowing e Highriherkearel >t hesi gnal
input to the base termnals of the transistors 161 and 162, in ;;e wite
current geREFAFHRNABOVEHANGER YépeRBt g dnt (het MEPTEhEPCROF hERIWite peri od

or degauss period prevails, 47 [0078 ring the degauss period, the switch
163 ig wgen thep+DWD 172 goeé HZgi,Eghe gransistgr 161pturns on.

When the -DWD 173 goesgs High, the transistor 162 turns on.
In this manner, the direction of the current flowing to the
write head 150 may be changed during the degauss period.
Consequently, the polarity of the current flowing to the
write head 150 reverses at fixed time intervals during the
degauss period.

[0077]

The switches 131 and 132 are controlled in
accordance with the degauss enable signal 171. When the
degauss enable signal 171 goes High, the switches 131 and
132 change from a (A) contact to a (B) contact. While the
degauss enable signal 171 is High, the switches 131 and 132
have a (B) contact. When the degauss enable signal 171
goes Low, the switches 131 and 132 revert to a (A) contact.
The switches 131 and 132 have a (A) contact during the
normal write period during which the write control signal
113 is High. Therefore, the signal input to the base
terminals of the transistors 161 and 162 in the write
current generator 160 changes depending on whether the

normal write period or degauss period prevails.



controlled in accordance with the degauss enable signal 171. \Wen the
degauss enable signal 171 is H gh, the swwtch 163 turns on. Therefore, the
switch 163 is on during the degauss period. It nmeans that the current
supplied from the current source 165 constantly flows to the wite head
150 during the degauss period. [0079] The switch 163 turns on/off in
accordance with the wite control signal 113 and degauss enable signal 171.
More specifically, the state of the switch 163 changes in accordance with
the superinposed signal 147, which is obtained when the superinposition
circuit 140 su erlnposes t he degauss enabl e signal 171 over the wite
control S|é%%7 113. The superinposed signal 147 is obtained by extending
the wite control signal 113 for the degauss period, Wen _the superinposed
signal 147 is H ghPuthag Fae dpeaushersitrie EB%t?Bthbgﬁ§P 123 or degauss
enable signal 171 is _Hgh, the swtch 163 is on. The switch 163 renalns on
during t heCPRFEC} hedr ¥Rl ApePReeRCehEFRsERAt IgPaRRPcRakd e Fdamal

period begins and the instant at which the degauss, perjod ends ThIS

ensur es th%@e@h%h%ud%%ﬁvsssﬁﬁﬁbi%dS%QBﬁ%t%%1ch%r%hﬁhsoaﬁﬁeswe50h|6ﬁé to the

wite 48 head 150 during the normal wite period and during the degauss
peri od. [OB@BTS on. Thérefore, the switch 163 is on durlng he

degauss period. It means that the current supplied from
the current socurce 165 constantly flows to the write head
150 during the degauss period.
[0079]

The switch 163 turns on/off in accordance with the
write control signal 113 and degauss enable signal 171.
More gpecifically, the staté of the switch 163 changes in
accordance with the superimposed signal 147, which is
obtained when the superimposition circuit 140 superimposes
the degauss enable signal 171 over the write control signal
113. The superimposed signal 147 is obtained by extending
the write control signal 113 for the degauss period. When
the superimposed signal 147 is High, that is, when the
write control signal 113 or degauss enable signal 171 is
High, the switch 163 is on. The switch 163 remains on
during the time interval between the instant at which the
normal write period begins and the instant at which the
degauss period ends. This ensures that the current

supplied from the current source 165 flows to the write



The state of the switch 164 changes in accordance wth an output that is
generated by the AND (|l ogical product) circuit 142. The wite control
signal 113 and the output of the single shot (S/S) 141 enter the AND
(logical product) circuit 142. Since the wite control signal 113 is Low
during the degauss period, the output ofg the AND (logical product) circuit
142 is Low wthout regard to the output fromthe single shot (S/S) 141.
Therefore, the switch 164 remains off during the degauss period. This
ensures that the current flowing fromthe current source 166 to the wite
head 150 may be stopped. As described above, the single shot (S/S) 141 to
whi ch DWD 334 ahf ing3the en?ﬁ‘b%% W hee W%‘P%g@%‘él d‘ﬁ?bﬂ%c’fljleci rcuit 142
to which the output of the single shot (S/S) 141 and the wite control -
signal 11FeFFHRRIIMd the switch 164 whose state changes in accordance
with the out&yt fromthe AND (logical product) circuit 142 constitute a
control ciFe#?] that exercises control to stop the current flow fromthe
current source 166 to the wite head 150 during the degauss period. [0081]
During the degaussiperfiortethle SheteH 983 I eherPRNIDS oh aRCFeT R Rase with
the normal wite period. Since the swtch 163 is controlled by the
super i npos&H-Ri rabutRyt FRat  bhedFREBRC HUrP NG RRAYY nel PR ERYal bet ween the
begi nnin
g g product) circuit 142. The write control signal 113 and the

output of the single shot (S/S) 141 enter the AND (logical

product) circuit 142. Since the write control signal 113

is Low during the degauss period, the output of the AND

(logical product) circuit 142 is Low without regard to the

output from the single shot (S/S) 141. Therefore, the

switch 164 remains off during the degauss period. This

ensures that the current flowing from the current source

166 to the write head 150 may be stopped. As described

above, the single shot (S/S) 141 to which DWD 172 and DWD

173 are input, the AND (logical product) circuit 142 to

which the output of the single shot (S/S) 141 and the write

control signal 113 are input, and the switch 164 whose

state changes in accordance with the output from the AND

(logical product) circuit 142 constitute a control circuit

that exercises control to stop the current flow from the

current source 166 to the write head 150 during the degauss

period.

[0081]

During the degauss period, the switch 163 remains



of the normal wite period and the end of the degauss period. During the
degauss period, the switch 164 remains off unlike during the normal wite
period. The switch 164 is controlled by the output fromthe AND (Il ogi cal
product) circuit 142. The AND (Il ogical product) circuit 142 ANDs the
entered output of the single shot (S/S),g41 and the wite control signal
113. The single shot (S/S) 141 detects when nornmal wite data (WD) and
degauss wite data (DWD) both reverse, and generates a short pulse for
specifying a tinme domain within which the wite current reverse tine is to
be reduced. However, the output from the single shot ($/S) 141 and t he
wite cont?Blagiyhafhe(GrPEeWghketBRgRaAr 2k BT sFFUPEEACSus] §1NABUENEO t he
AND (logical product) circuit_2142. Therefore, the output of _ the AND

(1 ogi cal pFBakLeR) 17 r i 018204588 Rt 48 FHBRTIRBPFRY EhENALgaAds pbriod.
Since the swwtch 164 remains _off during the degauss period, the current
suppl i ed fF%W?lﬁﬁeoﬁu@FéthsBU?cElT661Hg%§Vﬂ%tb?FBﬁﬁ?otPﬁebﬁﬁﬁﬁglﬁgad 150.
Ther ef or e, onlg the current supplied fromthe current. squrce 165 flows to
the wite REabNes0CHURL NYTLhe BEHAOYsA PelBdent Of stPEsEFBRESEO prevent the
overshoot current fromflowng to the wite head 150 during the degauss 50
peri od. Thegeiefe, %U%h%ﬂptB@aaeﬁﬁB§?d€ﬁr%9dthEh%v%WéESBt1GguF?@ﬁ%n8uring
current direction reversal wi|l not be given to the degauss current
maveforn1pPé@aPFihﬁedﬁFFhﬁgtﬁﬁe normal write period. The switch 164

is controlled by the output from the AND (logical product)
circuit 142. The AND (logical product) circuit 142 ANDs
the entered output of the single shot (S/S) 141 and the
write control signal 113. The single shot (S/S) 141
detects when normal write data (WD) and degauss write data
(DWD) both reverse, and generates a short pulse for
specifying a time domain within which the write current
reverse time is to be reduced. However, the output from
the single shot (S/S) 141 and the write control signal
(write gate signal) are simultaneously input to the AND
(logical product) circuit 142. Therefore, the output of
the AND (logical product) circuit 142 does not go High
during the degauss period. Since the switch 164 remains
off during the degauss period, the current supplied from
the current source 166 does not flow to the write head 150.
Therefore, only the current supplied from the current
source 165 flows to the write head 150 during the degauss
period. It is possible to prevent the overshoot current

from flowing to the write head 150 during the degauss



degauss period. Consequently, the degauss current naturally attenuates so
that the wite head is properly degaussed. As described above, the HDD 1
according to the present invention perfornms degaussing pronptly and
properly. [0082] The magni tude of the current supplied fromthe current
sources 165 and 166 will now be descrihed. The degauss wavef or m generat or
170 successively reads digital data (DAC value) that is stored in a
register within the AE to set a current value for the current source 165 in
accordance with the wite control signal 113, DW 172, and DW 173. This
operation wl|l be described later. The digital data (DAC value) 174 is

subj ect ed R&F %y t Ahexrionfd oy LHRRIRTIh RERY T RF de'? PTHESRAPT ent
source 165 for the purpose of setting the current for_the current source
165. | n otHEir s dMIT e QUFFeEHt SHIREe IS < eiTr nies! (e VR (B t he
supply current in_accordance wth the digital data (DAC value) 174. More
speci fi caltg,the epEs FUETRN WA Yl ogatRr $9aE g (BT 473, th$e 1 arger the
current supplied fromthe current source 165. The current source 165

suppl i es FIERETEHEIRT t e CRIVHCROLY ¢ Hte tIRIIMTI CWERPE50 may perform a
wite during the 51 normal wite period. The current_source 166, on the

other harFCEIRIIY &L RS Htotthalk ridim Worte medfirbosere®erieduci ng t he

time required for the wite current to rise ,
degaussed. As described above, the HDD 1 according to the

present invention performs degaussing promptly and properly.
[0082]

The magnitude of the current supplied from the
current sources 165 and 166 will now be described. The
degauss waveform generator 170 successively reads digital
data (DAC wvalue) that is stored in a register within the AE
to set a current value for the current source 165 in
accordance with the write control signal 113, DWD 172, and
DWD 173. This operation will be described later. The
digital data (DAC value) 174 is subjected to digital-to-
analog conversion and delivered to the current source 165
for the purpose of setting the current for the current
source 165. In other words, the current source 165
determines the value of the supply current in accordance
with the digital data (DAC value) 174. More specifically,
the greater the digital data (DAC value) 174, the larger
the current supplied from the current source 165. The
current source 165 supplies a necessary write current so

that the write head 150 may perform a write during the




after current reversal during the normal wite period. [0083] The digital
data (DAC value) 174 remains unchanged during the normal wite period.
Therefore, the current source 165 supplies a constant current during the
normal wite period. During the degauss period, however, the digital data
(DAC val ue) 174 gradually decreases froma |evel prevailing during the
normal wite period. In other words, the digital data (DAC value) 174 is
maxi m zed during the normal wite period, and gradually decreases during
the degauss period. Therefore, the current Il supplied from the current
source 165 is maxim zed during the normal wite period, and gradually

decr eases WOFNHY YhHetdepRbsedper 708, CUTOVBY] SPHUFFRgLEhe @RgBUSSOPBRY0d, the
current supplied fromthe current source 166 does not flowto the wite
head 150.h@di ngupmbledr Rl OVRT Beopler Fear omf yEo¥ heh8WPEERCE84°Lt urns on at
the nmonment the wite current reverses so that the current supplied fromthe
current solif@eciss Frowsing rewelfipdt EOREY 1501 L TherEFBe, CPhEL8Brrent fl ow
to the current source 166 need not be mani pul ated during the _degauss

peri od. ThabteBetwprambul evDESper foF HRd Shbetharmad vhdteuPeERPdsource 166
supplies only a constant current throughout the degauss period. Further,
the switchl@833] shoul d be used to exercise control to determi ne whether or

The digital data (DAC value) 174 remains unchanged
during the normal write period. Therefore, the current
gource 165 supplies a constant current during the normal
write period. During the degauss period, however, the
digital data (DAC value) 174 gradually decreases from a
level prevailing during the normal write period. In other
words, the digital data (DAC value) 174 is maximized during
the normal write period, and gradually decreases during the
degauss period. Therefore, the current Il supplied from
the current source 165 is maximized during the normal write
period, and gradually decreases during the degauss period.
[0084]

During the degauss period, the current supplied
from the current source 166 does not flow to the write head
150. During the normal write period only, the switch 164
turns on at the moment the write current reverses so that
the current supplied from the current source 166 flows to
the write head 150. Therefore, the current flow to the
current source 166 need not be manipulated during the

degauss period. Thus, setup should be performed so that



not the current supplied fromthe current source 166 flows to the wite
head 150. Even when such setup is perfornmed, the switch 164 renains off
during the degauss period. Therefore, the current supplied fromthe current
source 166 does not flowto the wite head 150 during the degauss period.

[ 00851 The foll ow ng explanation assunes,that the wite «current is 50 mA as
indicated in Fig. 4. During the normal “Wite period, a peak current of 60
mMA (a wite current of 50 mA plus an overshoot current of 10 mdA) flows to
the wite head. More specifically, a current of 60 mAis supplied when a
change occurs in the polarity %direction) of the current flomﬁng to the
write headthgocurhent sapdegaeht b eXPPRAAET oRANBEsANBINERARtt ABTEAREent fl owi ng
to the wite head during_the degauss period decreases in steps of 5 mA
from 50 mAthyppghoyns Bher degaeasrear iPevel Fupgheshohei AWEEGh 464t he current
|1 supplied fromthe current source 165 during the degauss period gradually
decreases $hRousdebs wFeq R FRBAFLOSnPEOLHER} B8 edet BTBENAAWhZDNAR O&nd so

on to 0 m\). Wenever the +DWD 172 or -DWD 173 rises, the digital data (DAC
val ue) 174n¢brtlet ¢ungent carpehiedaf tamsBhe ofurhenEuFPBRECSHAPCELDBS
decreases, thereby reducing the current that flows. Current |1 decreases at
the sane tFpethq puite BppaatsOin EWenowbpnt SBfht RRLYPNgFePSHEPTTSAS) 141.

the switch 164 remains off during the degauss period.
Therefore, the current supplied from the current source 166

does not flow to the write head 150 durihg the degauss

period.
[0085]

The following explanation assumes that the write
current is 50 mA as indicated in Fig. 4. During the normal

write period, a peak current of 60 mA (a write current of
50 mA plus an overshoot current of 10 mA) flows to the
write head. More specifically, a current of 60 mA is
supplied when a change occurs in the polarity (direction)
of the current flowing to the write head 150. The
subsequent explanation assumes that the current flowing to
the write head during the degauss period decreases in steps
of 5 mA from 50 mA, which is a write current level. As
shown in Fig. 4, the current Il supplied from the current
source 165 during the degauss period gradually decreases in
steps of 5 mA from 50 mA (decreases to 45 mA, 40 mA, and so
on to 0 mA). Whenever the +DWD 172 or -DWD 173 rises, the

digital data (DAC value) 174 for setting a current value



When the pulses in the output of the single shot (S/S) 141 are sequentially
nanmed 1, 2, 3, and so on fromthe beginning of the degauss period, the
duration of the degauss period is set so that ten pul ses appear within the
degauss period. [0086] Wenever the +DWD 172 changes from H gh to Low and
fromLow to H gh, current |1 decreases %ﬂ steps of 5 mMA. In other words,
current |i decreases in steps of 5 mA enever a change occurs in the
polarity of the current flowing to the wite head 150. Therefore, the
current flowing fromthe current source 165 to the wite head 150
attenuates while reversing (decreases from50 mA to -45 mA,. +40 mA, -35 A
and so on for Oth@)CUrFeRE hepuipe ds65t Aecreaseent tReBaPigreduEhBIwEee head
converges to approximately zero in accordance with the value of the
digital da®@r¥ene Vadue§lawa. [0eB7entnltéeaboyecs ndt ahle, seRe Shiech 164
is off so that the current 12 supplied fromthe current source 166 does
not flow td PHESQwaPReHEAdIRSEE THeFREbrel the sbeale elPEent/#l obthg to the
wite head 150 attenuates while 54 reversing%(depreases fron1?0 M\ to -45
m, +40 mAfhensthe Pubmes snobheoCBtAy @btirthg thedlegabss p8/Podl4t0088]

are sequentially named 1, 2, 3, and so on from the

beginning of the degauss period, the duration of the

degauss period is set so that ten pulses appear within the

degauss period.

[0086]

Whenever the +DWD 172 changes from High to Low and

from Low to High, current Il decreases in steps of 5 mA.

In other words, current Il decreases in steps of 5 mA

whenever a change occurs in the polarity of the current

flowing to the write head 150. Therefore, the current

flowing from the current source 165 to the write head 150

attenuates while reversing (decreases from 50 mA to -45 mA,

+40 mA, -35 mA, and so on to 0 mA). In other words, the

current flowing to the write head converges to

approximately zero in accordance with the value of the

digital data (DAC value) 174.

[0087]

In the above instance, the switch 164 is off so
that the current I2 supplied from the current source 166

does not flow to the write head 150. Therefore, the total

current flowing to the write head 150 attenuates while



As descri bed above, the present enbodi nment stops the current flow fromthe
current source 166 to the wite head 150 during the degauss period. This
makes it possible to prevent the overshoot current fromflowing to the
wite head and the degauss current waveform from being di sordered. As a
result, degaussing nmay be perfornmed pr tly and properly by an HDD havi ng
a sinple configuration. Second Enbodi ment [0089] An HDD according to a
second enbodi nent will now be described with reference to Fig. 5. Fig. 5
shows the configuration of a part of the AE. The basic configuration of
the HDD according to the present enmbodiment will not be described because
it is the ERRYSNS hedeHreasrs HOP™ adt oM Ry 190 tHe f14St™enbodt et .
Further, the_control process_performed during the normal wite period will
not be detd iePbdcausddt durine Spedegryss Ir¥9¢ st enbodinent. In the
first enmbodinment, the current flowing fromthe current source 166 to the
wite headld%Blis controlled in accordance with an on/off operation of the
switch 164. In the present enbodi ment, however, the current 12 supplied

fromthe current FRrRSABPTE TNt T IRIETH R ARHEE i $HPRE r egi st er

value that is stored in a register 143 for the AE 13. [0090]
the current flow from the current source 166 to thé write

head 150 during the degauss period. This makes it possible
to prevent the overshoot current from flowing to the write
head and the degauss current waveform from being disordered.
As a result, degaussing may be performed promptly and
properly by an HDD having a simple configuration.

Second Embodiment

[0089]

An HDD according to a second embodiment will now be
described with reference to Fig. 5. Fig. 5 shows the
configuration of a part of the AE. The basic configuration
of the HDD according to the present embodiment will not be
described because it is the same as that of the HDD
according to the first embodiment. Further, the control
process performed during the normal write period will not
be described because it is the same as in the first
embodiment. In the first embodiment, the current flowing
from the current source 166 to the write head 150 is
controlled in accordance with an on/off operation of the
switch 164. In the present embodiment, however, the

current I2 supplied from the current source 166 is



In the present enbodinent, the output fromthe single shot (S/S) 141
directly enters the switch 164, which is shown in Fig. 3. This ensures that
the switch 164 turns on during the nornmal wite period and during the
degauss period when the polarity of the current flowing to the wite head
reverses. The single shot (S/S) 141 ace@rding to the present enbodi nent
detects a rise in DAD 172 and DAD 173, "and determ nes the timng with which
the current value settings for the current sources, which are to be
gradual ly decreased, are successively read during the degauss period. In
ot her words, the single shot éé%fa 141 determines the timng with which the
di gital d&ATIACSAHIE)RIIFHENGH Vite & sRFHC LR M HiBPt heS AE is to be
successively read. The switches 131 and 132 supply signals to the single
shot (S tomen ) ihditEEERT nH £OB.Hovever3 - such signal  supplies are
not shown in Fig. S. [0091] In the present enbodi nent, the values of the
currents st¥pdled fromthe current sources 165 and 166 are determnined by
regi ster values stores in the register 143. More specifically, digital data
(DAC val ues) 174 add s Pregfitth epRebbien hed Mh&tme: riggistidie vai ues are
read, are 56 subjected to digital-to-analog conversion in DACs 144 and 145.
Anal og datslneehs VP T r o Qi gi4 el RNl (ﬁquf&%ﬁ/é?}é‘? o1t t4en Widdtied to

the current squrces 165 and 166. As a _
is shown in Fig. 3. This ensures that the switch 164 turns

on during the normal write period and during the degauss
period when the polarity of the current flowing to the
write head reverses. The single shot (S/S) 141 according
to the present embodiment detects a rise in DWD 172 and DWD
173, and determines the timing with which the current value
settings for the current sources, which are to be gradually
decreased, are successively read during the degauss period.
In other words, the single shot (S/S) 141 determines the
timing with which the digital data (DAC value) stored in
the register 143 within the AE is to be successively read.
The switches 131 and 132 supply signals to the single shot
(S/8) 141 as indicated in Fig. 3. However, such signal
supplies are not shown in Fig. 5.

[0091]

In the present embodiment, the values of the
currents supplied from the current sources 165 and 166 are
determined by register values stores in the register 143.
More specifically, digital data (DAC values) 174 and 175,

which are obtained when the register values are read, are




result, the current Ii to be supplied fromthe current source 165 and the
current 12 to be supplied fromthe current source 166 are determ ned. The
output from DAC 144 is converted to the current flowwng to the wite head
150 by the current source 165. The output from DAC 145 is converted to the
current flomwng to the wite head 150 the current source 166. As
indicated in Fig. 5, the current value of the current |1 supplied fromthe
current source 165 is determ ned by register values No. 10 (50) to No. 1A
(0), which are stored in the register 143. The current value of the current
12 supplied fromthe current source 166 is determ ned by register val ues
No. 20 (109uBiected A doitahiehreled or@averside tegbPhterl443andhe

regi ster values are 50 for No.10, 45 for No. 11, 40 for_No. 12,35 for

No. 13, 30 fb#5 No.Aab&I f @Rt Nodebved FHrmNGLI B LS P oA nAbOI 7CA0VERFING. 18, 5
for No.19,0 for. No. 1A 10 for No.20,and O for No.21 to No. 2A. It goes w thout
sayi ng t ha®T¢ hehen heiPRpbifdte? VAP uedrEpRt afQrcet ckht apre. Lfexadd®i #ml
nunbers are used as the register nunbers for the register 143. [0092] 57
During t heradithial Wee teuperibdl L riegi ke P uRR} RS Nee™ alge afgr ’BRE 20 are read. |
Regi ster value No. 10, that is, the register value 50, enters DAC 144. |
Regi ster vePWeciol65 2ndihag F4rreme Fegietler <epRbiad feaPerBeDAC 145. This |

current source 166 are determined. The output from DAC 144
is converted to the current flowing to the write head 150
by the current source 165. The output from DAC 145 is
converted to the current flowing to the write head 150 by
the current source 166. As indicated in Fig. 5, the
current value of the current Il supplied from the current
source 165 is determined by register values No. 10 (50) to
No. 1A (0), which are stored in the register 143. The
current value of the current I2 supplied from the current
source 166 is determined by register values No. 20 (10) to
No. 2A (0), which are stored in the register 143. The
register values are 50 for No. 10, 45 for No. 11, 40 for No.
12, 35 for No. 13, 30 for No. 14, 25 for No. 15, 20 for No.
16, 15 for No. 17, 10 for No. 18, 5 for No. 19, 0 for No.
1A, 10 for No. 20, and 0 for No. 21 to No. 2A. It goes
without saying that the other register values are also
acceptable. Hexadecimal numbers are used as the register
numbers for the register 143.

[0092]



ensures that the current source 165 supplies a current of 50 mA with the
current source 166 supplying a current of 10 mA during the normal wite
period. For the sake of brevity, the register values are rendered equal to
the supply current values (md). It goes wi thout saying that the register
values may differ fromthe supply curre values (mA). During the nornal
wite period, therefore, a peak current of 60 mA (a wite current of 50 mA
pl us an overshoot current of 10 mA) is supplied when the polarity of the
current reverses, and a wite current of 50 mA is supplied under the other
circunstances. [0093] During the degauss period, register values No. 11 to
No. 1A and No. 21 P@rNag 2hcanrerpaidwr VbeePepiedfi rapl§terr¥gileeerNQal ues
No. 11 to 1A, that is, the register values 45 to 0, enter DAC 144, and

regi ster vaPueBANIC- 240t 3roarcaghat RegisEpe Yeqiat 8P - vaPueshdt éfter DAC
145. The register 143 is set up so that register values No. 11 to 1A are
sequent i al FhereadishesyrichronPem aNEATEherel btks oRepiprer7yaang B 173.
Therefore, the current supplied fromthe current source 165 decreases from
50 mA to 430 mAthap iRy BBeSBe@hstandvaduenlfo sNhars TRRCchftPent THé8reases to

O mM at the end of the degauss period. [0094] In the above instance, the
over shoot enfEepf that the current source 165 supplies a current of

50 mA with the current source 166 supplying a current of 10
mA during the normal write period. For the sake of brevity,
the register values are rendered equal to the supply
current values (mA). It goes without saying that the
register values may differ from the supply current wvalues
(mdA) . During the normal write period, therefore, a peak
current of 60 mA (a write current of 50 mA plus an
overshoot current of 10 mA) is supplied when the polarity
of the current reverses, and a write current of 50 mA is
supplied under the other circumstances.
[0093]

During the degauss period, register values No. 11
to No. 1A and No. 21 to No. 2A are read. More specifically,
register wvalues No. 11 to 1A, that is, the register values
45 to 0, enter DAC 144, and register values No. 21 to 2A,
that is, the register values 0, enter DAC 145. The
register 143 is set up so that register valués No. 11 to 1A
are sequentially read in synchronism with the clocks of DWD
172 and DWD 173. Therefore, the current supplied from the

current source 165 decreases from 50 mA to 45 mA, 40 mA, 35



attenuates within a period shorter than an attenuation period during which
the current supplied fromthe current source 165 attenuates. For

expl anati on purposes, it is assumed that the period during which the
current supplied fromthe current source 165 attenuates is referred to as a
first attenuation period, and that the geriod during which the overshoot
current supplied fromthe current source 166 attenuates is referred to as a
second attenuation period. Wen the second attenuation period is shorter
than the first attenuation period, degaussing nay be perforned pronptly
and properly. Wen, for instance, the current _supplied fromthe current
source 165VEorRRG R todp':br”?ﬁu et O TR atde HeE AR it pUY SB ¥he current
supplied fromthe current source 166 should attenuate to achieve

conver gencd'@tethe hitith WIPreTSf NP pul se. When, for instance, the val ues
8, 6, 4, 2 and 0 are stored as register values No. 21 to No. 25 with the
val ue 0 stE)Q regi ster values No. 26 to 2A (not shown in the figure),
current |1 converges to approximately zerq at the tenth pul se, whereas
current 12 conver%‘é’& Rf 6% IR AR erdie AVEHRIFT A pEfRe.

Consequently, the overshoot current 59 attenuates faster than current 1|1,

whi ch is SHPRTEREST o iR @ e 1 b TR LS iHe 2ot WS i RMel FE t enuat i on
speed for current 12 is hjgher than that for current | 1. As descri bed
above, de@fRiFShdg W%%ﬂ%@ e f SRR proRit yed from the current

source 165 attenuates. For explanation purposes, it is
assumed that the period during which the current supplied
from the current source 165 attenuates is referred to as a
first attenuation period, and that the period during which
the overshoot current supplied from the current source 166
attenuates is referred to as a second attenuation period.
When the second attenuation period is shorter than the
first attenuation period, degaussing may be performed
promptly and properly. When, for instance, the current
supplied from the current source 165 converges to
approximately 0 mA at the tenth pulse, the current supplied
from the current source 166 should attenuate to achieve
convergence at the ninth or preceding pulse. When, for
instance, the wvalues 8, 6, 4, 2, and 0 are stored as
register values No. 21 to No. 25 with the value 0 stored as
register values No. 26 to 2A (not shown in the figure),
current Il converges to approximately zero at the tenth
pulse, whereas current I2 converges to approximately zero

at the fifth pulse. Consequently, the overshoot current



and properly when current I1 and current 12 are attenuated for different
periods of tine to achieve convergence to approximately O mA. Wthin the
degauss period according to the present invention, current 12 attenuates to
approximately O mA earlier than current Il does. As a result, degaussing
may be perforned pronptly and properly.;q [0095] As indicated in Fig. 5,

regi ster values No. 21 to No. 2A may bé all zeros. Even when register
values No. 21 to No. 2A are read in synchronismw th the clocks of DAD 172
and DWD 173, the current output fromthe current source 166 is 0O mA. During
t he degauss period, therefore, the overshoot current is O mMA. In this

i nst ance, ¥HeeriaTehtfastoni HRAT CUReeTr i e HEEF S gFWRAI$Y QT caises
from50 mA while reversing (decreases to -45 mA, 40 mA, -35 mA, and so on
to -5 M) CHAEHORHRS: t ol AN WHeendR 3HEN WGkl SSRRRT otPT
Consequently, it is possible to prevent the overshoot current fromfl ow ng
to the wiFETREHd Thd S kgD cihdtentonaw et g fFbm b&F ng di sor der ed.
As described above, the present enbodi nent. enabl es an HDD_60 having a

si mpl e corfSRRIFRTDRIY DerdFIH IR AL §7 IR Hemett operTst 1Y 0096] As
descri bed above, the present enbodi ment includes the register 143 and

det er mi nesPRHPERRNLY ofhuyrdergent I1 and current I2 are attenuated

for different periods of time to achieve convergence to
approximately 0 mA. Within the degauss period according to
the present invention, current I2 attenuates to
approximately 0 mA earlier than current Il does. As a
result, degaussing may be performed promptly and properly.
[0095]

As indicated in Fig. 5, register values No. 21 to
No. 2A may be all zeros. Even when register values No. 21
to No. 2A are read in synchronism with the clocks of DWD
172 and DWD 173, the current output from the current source
166 is 0 mA. During the degauss period, therefore, the
overshoot current is 0 mA. In this instance, the current
flowing to the write head 150 gradually decreases from 50
mA while reversing (decreases to -45 mA, 40 mA, -35 mA, and
so on to -5 mA), and converges to 0 mA at the end of the
degauss period. Consequently, it is possible to prevent
the overshoot current from flowing to thevwrite head and
the degauss current waveform from being disordered. As

described above, the present embodiment enables an HDD



accordance with register values stored in the register 143. Consequently,
the present enbodi nent nay provide a constant degauss current waveform and
perform a stabl e degaussing operation. A desired attenuation profile may be
sel ected because the register values may be changed by the HDC/ MPU 23.
Thus, it is possible to generate a prefgrred degauss current waveformw th
ease. I n general, however, the register values are often inplenented by

har dware. The degree of freedomin changing the register values is limted
so that only several different attenuation profiles are selectable. Under
these circunstances, it_is still possible to achieve natural degauss

current atB?BHRE i BPLe Tt IFg AN pproFs B Rt{FREF DS profile from
several different ones. [0097] Wiile the present invention has been

descri bed PF RO 1#RY iRFPRETH t he first and second enbodi ments, the

present invention is not limted to these preferred enbodinments. Although

t he preferF%ﬁN@nbodinents have been described with reference to an HDD, the
present invention 61 may be applied to a hard disk drive having a wite head
that is used to whi ERRIEIM ARORGNEIE PTEXdi FHEPPRHTERT Al FiCheed of
degaussing. In such a hard disk_drive, the current supplied fromthe
current sotfeeraBEssHout4P A s SR HRE R §1S AP R§ o?Jge) tHerERd Yt t he

degauss peri od. , , , .
accordance with register values stored in the register 143.

Consequently, the present embodiment may provide a constant
degauss current waveform and perform a stable degaussing
operation. A desired attenuation profile may be selected
because the register values may be changed by the HDC/MPU
23. Thus, it is possible to generate a preferred degauss
current waveform with ease. In general, however, the
register values are often implemented by hardware. The
degree of freedom in changing the register values is
limited so that only several different attenuation profiles
are selectable. Under these circumstances, it is still
possible to achieve natural degauss current attenuation by
selecting an appropriate attenuation profile from several
different ones.

[0097]

While the present invention has been described in
conjunction with the first and second embodiments, the
present invention is not limited to these preferred
embodiments. Although the preferred embodiments have been

described with reference to an HDD, the present invention



Al t hough the foregoing preferred enbodi nents assune that a degaussing
process is perfornmed inside the AE 13, the present invention is not limted
to such a degaussing process. For exanple, a circuit for generating the
degauss enable signal 171 and the switches 131 and 132, which control the
transistors 161 and 162, may be positiqﬂed outside the AE. Further, a DWD
generation circuit may be included, for instance, in the RIWchannel 21.
Furthernore, control neans for setting a value for the register 143 and a
control circuit for controlling the switches 163 and 164 nay be positioned
outside the AE. The degauss current . waveformis not limted to a pul se
wavef orm NaYibtsapheed havafbrhe Abykberisediadiided degatssheadr ent
waveform This degaussing nethod_is ideal for a hard disk drive that

enpl oys a Pperpehdi eePAr CAnGRet e cIpeR PR AGR NERHORIC 1 F BFFEPTBEREr PRELBR of the
Drawi ngs] [0098] [Fig. 1] 62 Fig. 1 is a block diagramthat schematically

i |1 ustrat e30€ hen coped gof a8 FORUSF 18H - HDE aBeol df nl3a¥e dhek erb¥8r nehe of the
present invention. [Fig, 2] . 2 is a block diagramthat schematically
iIIustrate@u¥ﬁ%n%oﬁﬁp©g%%@iBﬁoﬁft%ﬁ FREF e oF ARG t 86 BnelOBMBoBFMENt Of the

present invention. .
approximately zero before the end of the degauss period.

Although the foregoing preferred embodiments assume that a
degaussing process is performed inside the AE 13, the
present invention is not limited to such a degaussing
process. For example, a circuit for generating the degauss
enable signal 171 and the switches 131 and 132, which
control the transistors 161 and 162, may be positioned
outside the AE. Further, a DWD generation circuit may be
included, for instance, in the R/W channel 21. Furthermore,
control means for setting a value for the register 143 and
a control circuit for controlling the switches 163 and 164
may be positioned outside the AE. The degauss current
waveform is not limited to a pulse waveform. Various other
waveforms may be used as the degauss current waveform.

This degaussing method is ideal for a hard disk drive that
employs a perpendicular magnetic recording method.

[Brief Description of the Drawings]

[0098]

[Fig. 1]



[Fig. 3] Fig. 3 schematically illustrates the configuration of an AE in an
HDD according to one enbodi nent of the present invention. [Fig. 4] Fig. 4
is atimng diagramthat illustrates a degaussing process that is perforned
by an HDD according to one enbodiment of the present invention. [Fig. 5]
Fig. 5Sillustrates the configuration ofs,a part of an AE in an HDD according
to one enbodi nent of the present invention. [Fig. 6] Fig. 6 (a) illustrates
the configuration of a wite current generator for generating a wite
current that flows to a wite head of an HDD. Fig. 6 (b) illustrates a
wite current that prevails during a normal wite period. ig. 7] 63 Fig.
7 schematical ly ilHitriat®d 3 Heleohf iﬁﬁ%ﬁWWﬁPaQﬁs%ﬁkmﬁF+%aLf%onventiona
HDD. [Fig. 8] Fig. 8 is atimng diagramthat illustrates a degaussing
process thatl 1St sdrinee Byl FerRertt dhal aHEBY FEERET PP bR BFCt he
Synbol s] [0099] . ,

embodiment of the present invention.

[Fig. 2]

Fig. 2 is a block diagram that schematically

illustrates the configuration of an HDD according to one

embodiment of the present invention.

[Fig. 3]

Fig. 3 gchematically illustrates the configuration

of an AE in an HDD according to one embodiment of the

present invention.

[Fig. 4]

Fig. 4 is a timing diagram that illustrates a

degaussing process that is performed by an HDD according to

one embodiment of the present invention.

[Fig. 5]

Fig. 5 illustrates the configuration of a part of

an AE in an HDD according to one embodiment of the present

invention.

[Fig. 6]

Fig. 6 (a) illustrates the configuration of a write

current generator for generating a write current that flows

to a write head of an HDD. Fig. 6 (b) illustrates a write

current that prevails during a normal write period.

[Fig. 7]



1: HDD 10: Enclosure 11: Magnetic disk 12: Head el enent section 16: Slider
17. Carriage 20: Crcuit board 21: R Wchannel 22: Mtor driver unit 51:
Host 111: +WD 112: -WD 113: Wite control signal 131: Switch 132: Switch
140: Superinposition circuit 141: Single shot 142: AND (Il ogical product)
circuit 64 143: Register 144: DAC 145:,;DAC 147: Superinposed signal 150:
Wite head 160: Wite current generator 161: Transistor

Fig. 7 schematically illustrates the configuration
of an AE in a conventional HDD.
[Fig. 8]

Fig. 8 i1s a timing diagram that illustrates a
degaussing process that is performed by a conventional HDD.
[Description of the Symbols]

[0099]

1: HDD

10: Enclosure

11: Magnetic disk

12: Head element section
16: Slider

17: Carriage

20: Circuit board

21: R/W channel

22: Motor driver unit

51: Host
111: +WD
112: -WD

113: Write control signal
131: Switch

132: Switch

140: Superimposition circuit
141: Single shot

142: AND (logical product) circuit




162: Transistor 163: Switch 164: Switch 165: Current source 166: Current
source 170: Degauss waveform generator 171: Degauss enable signal 172: +DWD
173: -DWD 174: Digital data 200: AE 211: +Wb 212: -WD 213: Wite control
signal 220: CGrcuit board 221: R Wchannel 222: HDC 231: Switch 65 232:
swi tch 240: Superinposition circuit 24]: Single shot 250: Wite head 260:
Wite current generator 261. Transistor 262: Transistor

143: Register

144;: DAC

145: DAC

147: Superimposed signal
150: Write head

160: Write current generator
161: Transistor

162: Transistor

163: Switch

164: Switch

165: Current source

166: Current source

170: Degauss waveform generator
171: Degauss enable signal
172: +DWD

173: -DWD

174: Digital data

200: AE
211: +WD
212: -WD

213; Write control signal
220: Circuit board

221: R/W channel

222; HDC

231: Switch



263: Switch 264: switch 265: Current source 266: Current source 270:
Degauss wave generator 271: Degauss enable signal 272: +DWD 273. -DWD 274:
Digital data 275: Digital data 66 Nane of Docunent] Cains [Caiml] A
hard di sk drive, which includes a magnetic recording nediumand a wite
head for witing data onto the nagnet%g recordi ng nmedium wherein the
polarity of a current flowing to the wite head is reversed in accordance
with the data to wite the data onto the nagnetic recording nedium
conprising: a first current source for supplying a first current, which
flows to the wite head, in order to wite the data onto the magnetic
recor di ng 4vedi uif1%second current source for supplying a second current,
which flows to the wite head, when the polarity of the first current
changes; %W tHHGRITHIOF FFLFBYErsing the polarities of

241: Single shot

250: Write head

260: Write current generator

261: Transistor

262: Transistor

263: Switch

264: Switch

265: Current source

266: Current source

270: Degauss wave generator

271: Degauss enable signal

272: +DWD

273: -DWD

274: Digital data

275: Digital data




currents flowwng fromthe first current source and the second current
source to the wite head, in accordance with the data; and a control

circuit for controlling after the witing data is finished so that the
second current becones approximately zero before the first current
converges to approximately zero duringsa degauss period during which the
wite head is degaussed by flow ng the ?lrst current to the wite head with
the polarity of the first current reversed while the first current is
attenuated. 67 [Claim 2] The hard disk drive according to claim1, wherein
the control circuit keeps stopping the second current during the degauss
period. [CNamm 3f PREURSPH)dF4R18Fi ve according to claim2, wherein the
control circuit includes a switch positioned between the wite head and the
second cur fE€ABiBodidce; and wherein the switch keeps stopping the second
current. [Caim4] The hard disk drive according to claim3, the control
circuit further cofipPREPngigk ANDBVEIr ¥BiLChpdnRdUdespdt "@IMSHLE cont r ol

signal for indicating a period for ,wwitin% the data and the wite data for
reversi ng TRECTASNGr PEGigM anf pstvrdlfr 8/EY WRFCHILIEANS FAdm ©ORd F it

magnetic recording medium, wherein the polarity of a
current flowing to the write head is reversed in accordance
with the data to write the data onto the magnetic recording
medium, comprising:

a first current source for supplying a first
current, which flows to the write head, in order to write
the data onto the magnetic recording medium;

a second current source for supplying a second
current, which flows to the write head, when the polarity
of the first current changes;

a switching circuit for reversing the polarities of
currents flowing from the first current source and the
second current source to the write head, in accordance with
the data; and

a control circuit for controlling after the writing
data is finished so that the second current becomes
approximately zero before the first current converges to
approximately zero during a degauss period during which the
write head is degaussed by flowing the first current to the
write head with the polarity of the first current reversed

while the first current 1is attenuated.




current source; wherein the control circuit controls the swtch in
accordance with an output fromthe AND circuit. [Caimb5] The hard disk
drive according to claiml1, wherein the second current is kept stopping by
reduci ng the second current output fromthe second current source to
approxi mately zero. [Caim6] The hardgdi sk drive according to claimS5,
wherein the control circuit stops the second current by controlling 68 to
reduce the second current output fromthe second current source to
approximately zero. [Caim7] The hard disk drive according to claiml1,
wherein the control circuit reverses the polarity of the second current
whil e atteh@b®ifg?t he second current to approxi mately zero during a second
attenuation period, which is shorter than a first attenuation period during
whi ch the first cuffenbaednderledribeapprokitatery ¢&f6M 1y WAPREB] The hard
di sk drive according to claim7, further conprising a register for setting
a current YR®uecRbFol helrgetbnlicens r ehPPRkes etiet ARCSBEoRHTEBRFent
attenuates to. apgroxinately zero within the second attenuation period in
accor dancedWr tpd athegfesersvaPaEietored in the register,

[Claim 3]

The hard disk drive according to claim 2, wherein
the control circuit includes a switch positioned between
the write head and the second current source; and wherein
the switch keeps stopping the second current.

[Claim 4]

The hard disk drive according to claim 3, the
control circuit further comprising an AND circuit being
input a write control signal for indicating a period for
writing the data and the write data for reversing the
pclarity of a first current, which flows from the first
current source; wherein the control circuit controls the
switch in accordance with an output from the AND circuit.
[Claim 5]

The hard disk drive according to claim 1, wherein
the second current is kept stopping by reducing the second
current output from the second current socurce to
approximately zero.

[Claim 6]
The hard disk drive according to claim 5, wherein

the control circuit stops the second current by controlling



during the degauss period. [Caim9] The hard disk drive according to claim
8, wherein the register value is variable. [Caim10] A recording nethod
for a hard disk drive, which includes a nagnetic recording mediumand a
wite head for witing data onto the magnetic recordi ng nedium wherein
the polarity of a current flowng to thgowite head is 69 reversed in
accordance with the data to wite the data onto the nagnetic recording

medi um conprising: flowing a first current, which is supplied froma first
current source, to the wite head; reversing the polarity of the first
current, which flows to the wite head, in accordance with the data;

f1 owi ng t hEof FRSECEUERBNECERACaCYEEBRE CUFPERt TR ERS SSSEPF ICEE TFFém a
second current source, to the wite head, when the polarity of the first
current isSOpEGer§8daPpEPKAMATRGYdEGAGssing with the polarity of the first
current reversed while attenuating the first current, which flows fromthe
first curréfta@dBurdée to the wite head, after conpletion of a wite onto

t he magnetic recording nediunk and reducing,the second current taq
appr oxi nat el y zer oThe hard disk drive according to claim 1, whereiln

the control circuit reverses the polarity of the second
current while attenuating the second current to
approximately zero during a second attenuation period,
which is shorter than a first attenuation period during
which the first current converges to approximately zero.
[Claim 8]

The hard disk drive according to claim 7, further
comprising a register for setting a current value for the
second current wherein the second current attenuates to
approximately zero within the second attenuation period in
accordance with a register value stored in the register,
during the degauss period.

[Claim 9]

The hard disk drive according to claim 8, wherein
the register value is variable.
[Claim 10]

A recording method for a hard disk drive, which
includes a magnetic recording medium and a write head for
writing data onto the magnetic recording medium, wherein

the polarity of a current flowing to the write head is



before the first current converges to approximtely zero wthin a degauss
period during which the degaussing is perfornmed. [Caim1l] The recording
nmet hod according to claim 10, wherein the second current is stopped during
t he degauss period. [Caim1l2] The recording nethod according to claim11,
wherein a current flowi ng fromthe secand current source to the 70 wite
head is stopped by turning off a swtch that is provided between the second
current source and the wite head. [Caim13] The recordi ng et hod
according to claim 10, wherein the polarity of the second current is
reversed while attenuating the second current to apgroxinat§I¥ zero during
a second af?eRtERd ol pRFFoadanft cHite Eherdetathanalfershe aetangatPon
period during which the first current converges ,to approximately zero.

[ O ai m 14] tHRE?ERF HF NG Rt ALRS BBt WP ngCPBPEF 31 ¥ 13, wherein the second
current attenuates_to approximately zero within the second attenuation
period in accordante¥iith & Féﬁ?%t%?rr%%Fuew%%%?eﬂsiﬁuﬁpféﬁgsFémeﬁr setting

a current value for the second current.
first current source, to the write head;

reversing the polarity of the first current, which
flows to the write head, in accordance with the data;

flowing the first current and a second current,
which is supplied from a second current source, to the
write head, when the polarity of the first current is
reversed;

performing degaussing with the polarity of the
first current reversed while attenuating the first current, .
which flows from the first current source to the write head,
after completion of a write onto the magnetic recording
medium; and

reducing the second current to approximately zero
before the first current converges to approximately zero
within a degauss period during which the degaussing is
performed.

[Claim 11]

The recording method according to claim 10, wherein
the second current is stopped during the degauss period.
[Claim 12]

The recording method according to claim 11, wherein

a current flowing from the second current source to the



70

write head is stopped by turning off a switch that is
provided between the second current source and the write
head.

[Claim 13]

The recording method according to claim 10, wherein
the polarity of the second current is reversed while
attenuating the second current to approximately zero during
a second attenuation period, which is shorter than a first
attenuation period during which the first current converges
to approximately zero.

[Claim 14]

The recording method according to claim 13, wherein
the second current attenuates to approximately zero within
the second attenuation period in accordance with a register
value stored in a register for setting a current value for

the second current.



