1 [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 nethod, 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 devices using various types lof media such as optical disks and
magneti c tapes are known in the art. Anrong 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
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[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. Among 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
expandiﬁg 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



2 a plurality of sectors. Servo data and user data are stored in each of
the sectors. A head el ement nakes 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 curré%t, whi ch 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 piece and w ndings around the nmagnetic pole piece. The direction of a

current fil ewuRg1tiet g Wddmead Jesrvehanged dral alwngeddte agkrection of
the magnetic field to be generated. The direction of nagnetic disk

magnet i zatde@R Waniine et bt hhe dd@WAPN of HNR) nEgnRdi€ fdedg. access
Consequently, data according to the direction of nmagnetization is recorded

on the magnetigedirtls AWt 8 FWIRHJanMl GI s tiRcessary dota a wite, is
determ ned in accordance with required magnetic field strength and the

number of WHANGs, & wnd dhe (HBAg! i1 ol & Lasle (D0t FdEs BTt nst ance,
the current flowwing to the wite head is suddenly decreased at the end of a
wite, the, Wil of data to or from the magnetic disk.

[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



3 head is magnetized. Wen the wite head is magnetized, witten data may
be erased. To prevent the wite head from being nagnetized, 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 technol ogy disclosed, for instance, by
Pat ent Docunent 2 perforns degaussing supplying a current flowing 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, while attenuating the current flowng to the

wite headeadhgsemadagaussidng melhodseare ipay Head ard ynadtgad f24d,
per pendi cul ar magnetic recording. [0006] To increase the wite speed, the

HDD ensur ggithah datGUREENHeWREIREM t mangiridvet WHC koot Nse adefrdrhe
direction of a wite curfent changes, is provided with an overshoot as

i ndi cat edpkAnG fagbetBked, N 0tRRMNMIKS, dike1AdECtHN OfsEarkdds f e changes
when a change occurs in the data valué to be witten. Wen the direction of

the current ghangesmehite WS e el MReEs AIGHHEK & TRy Sere i tS
di rection. However, such a direction reverse is delayed by an inductance

conmponent paf it e Wrishie iedda1 CNSRIHERIY g ra S T8Nt ChaNge yave{or m
becones dull. As
amplitude 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



4 such being the case, the wite current is nonmentarily increased to
provi de an overshoot at the tinme 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 |l evel 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 flowwng to a wite head

250 when thgh PHiTRNt HEVRISEES tharrovey higalerffened aldmen€drCLyt causes the
current source 266 to generate an overshoot current, which corresponds, for

instance, itQ @GR & LR Hf oddiesiMdt ercwHet imdereh hengur rent
reverses, the switch 64 turns on so that a current, which is the sum of

the wite:Gudianin IJOWHY JWBR: WHAREs SOWasLiRe@ndy f he overshoot
current flowng fromthe current source 266, flows to the wite head 250.

The current, J] oWy 11 dde o it & head: 280 15 suppl iedi § remaspreanplifier
AE circuit (AE armelectronics), which is nmounted inside an encl osure for

Foadiuri {6 Shame CRAGRRarral S Ry o st b e P PEU P boar d 1 or

Contr0|”'¥%ér¥%stant at which the current flowing to the write head
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



5 HDD. [0007] [Patent Docunent 1] Japanese Patent Lai d-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 flowwng to the wite head
overshoots at the tine of reversal in order to reduce the rise tineg,
however, problens occasionally occurr 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 gemerated 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 qooent generator 260 and a degauss waveform generator 270. The
wite current generator 260 generates a current that is to be supplied to a
wite headp23@ntThe degaussi wavef orm generator 270 generates an attenuation
waveformthat is

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



6 suitable for degaussing. In accordance with a signal waveform supplied
fromthe 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 and 266. The transistors 26la and 261b
are referred to as transistors 261, whreas 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
described. An R'Wchannel 221, which is mounted on a circuit board 220,

enters widg e (W) Rk @242 i1 hoddheiAR 200 M 24dgand 212 are

transmtted as dlfferentlal sighal s whose polarities are opposite to each

other. Thereiqy l?eémteq@eva éausd@tv?a\?éﬂé‘ﬁjn féResatbt My, 211 and

212 are not transnltt rential” signals, one Signal [ine wll
suffice. g%# | VR Lsal 9 wite data
(- VD) 21ZW%k%re specific %M%Fﬂé3ékpfhe V&gé?%. %ﬁgﬁyg ﬁ -WD 212 is Low.
When the + 211 is oma S o]

magnet i zat |eoq1aupsastjtneq' n kté]%rl\/% é&rklg%% t hwekggrr"ﬁ%-{r}g %%?él&i ﬁ%ﬁégégﬁﬁ

accor dancezéla tchomvl\oDrlzslels atnlganzsllzstm.[goé'é'la, 261lb, 262a, and 262b,

switches 263 and 264, and current sources 265 and 266. The
transistors 26la and 26lb 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]



7 Further, an HDC 222, which is nmounted on the 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 performed on the
magnetic disk. Awite is perfornmed in accordance with the wite control
signal 213. More 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 perfornmed on the magnetic disk. Wile the wite control signal 213 is

H gh, a normal write process is perfornmed. The period during which the

wite control signaltrls isnh High 1% F egardedi asmsumosambnWwehée period.
[0012] The +WD i s input t'o (A contact of a switch 231. The -WD is input to

(A) contact; Qfyia WA 232, Mides the rivd t&ooRd T ok i ghgnalwziBei s H gh,
t he smntches 231 and 232 sel ect (A) contact. Wien the switches 231 and 232

sel ect atf‘é)rgﬂf{al VD AL and MR 212 Jgom the %W@@%Bﬁfrggls§§ﬁal' nput

to Base erm nals of the tranS|stors 261 and 262. During a norimal wite

beri od, NEFLT I 4N dAAId 0% Ofr £ o CU TAITLE L LS fEqebAL by the

wite current generat or OWS to t changes in

accor dance, yiid s W21 angd Y 212 .|, phEEMO1 45, XBEA.ADE Y0, ZLkei

Hi gh, the turns on an ansi st or

write control signal 213. More 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 control signal is Low, no
write is performed on the magnetic disk. While the write
control signal 213 is High, a normal write process 1is
performed. The period during which the write control
signal 213 is High is 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



8 turns off. Meanwhile, when the -WD 212 is High, the 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 fl ows
to the wite head 250. The foll owi ng explanati on assunes that a "negative"
polarity current flows fromleft toright wthin the wite head 250 when
the transistor 261 turns on wth the tYansistor 262 turning off, and that a
"positive" polarity current flows right to left within the wite head 250
when the transistor 261 turns off with the transistor 262 turning on. The
current flowng to the wite head 250 is supplied fromthe current sources
265 and 266 rwisackle $wianeinas 263 hastd t264 -Wehi2dle arse Hoirghy,i dgdck in the wite
current generator 260. [0013] The current source 265 supplies a wite

current fe@ranRekhermong & uMnd & faN drie tRgretrs idtde 60 expianat] on
purposes, it is assuned that the wite current is 50 mMA. Mre specifically,

data may Be it e aeRi0 Jhe Rahetie dihsdetihen & airdientertd b s or - 50
mA flows to the wite™ head. During the normal wite period, the current |

suppl i ed QR Lhe LW/ &Me SAUNGE 205 drt Iderrd Alo 5D 40 2 £1d\es otdier hand,

the current source 266 supplies an overshoot current. In other words, the

current from LhE ¢ £ WdRN UM 68 268 11 AN @atif1es i 16 Neashikdd @iy when a

a “negative” 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, it 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



9 change occurs in the direction of the current flowng to the wite head.
The switch 263 is provided between the current source 265 and the wite
head 250. The switch 264 is 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. [0014] The switch 2%3, which is connected to the current
source 265, is controlled in accordance with the wite control signal 213.
In reality, however, the switch 263 is controlled in accordance with a
superi nposed signal 247, which is generated when a superinposition circuit

240 SUperdH”H?ngsefoc&:dngaluSS:rﬁmaﬂﬁecSﬂm}mor27tilhé)VcﬂlirJté‘tet wWfideingondrol signal
213. This control operation will be described later. During the normnal

wite periwgd fhiecamHdL. Comd dwst@nate 213 i Srdb Dlle§oébatethehew tch 263
is on. In this instance, the current source 265 supplies a current to the

wite head,25Qnd mce-rh%§v!ﬁ&ht}?@4drﬂ’é Ghed$ zomnected spitbe gourent

source 266, is controlled in accordance with an output that 1is generated by
a singl e shot, (¥Rl P 4et AL Nohd N&L PRERI ok Ed € pETaRd, thBewsptbches 231

and 232 select (A) contact. Therefore, the +WD 211 and -WD 212 are input to
the Singlqmad 250. The switch 263 controls the current supply from

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, is 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 is 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, 1is controlled in accordance with an output that
is 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



10 shot (S/'S) 241. The single shot (S/S) 241 detects a rise of the +W 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, mﬁﬁn a change occurs in the direction
of the current flowing to the wite head, the swtch 264 turns on and a
current flows fromthe current source 266 to the wite head 250. For

expl anation purposes, it is assunmed that the current source 266 supplies
20% of the current supplied fromthe current source 265. During the nornmal
wite perisd@dt t(vesguruant msuppliedd romod hes QU rent soteces 266rise 10 mA

[ 0016] When the overshoot current source 266 is used as described above, it

i s possiblg o eguce tihe -5 tiIe,  beiaveen glte dnsileats aigWdi shot he
+WD/ - WD data val ue changes and the instant at which a preselected wite

current of HE) Ml pdeMed yrdg dhe nommdi v 14 eopesé oshetthe Wite

current attenpts to flowin a reverse direction in order to reach a peak

current of - 8Q giA et 4 he, RAardidedieM s8s . chdhaief ke, f1oRihGMeor equired
to reach a current of 50 MA is rendered shorter, and then an overshoot

occurs so ﬁﬂ%atwrgtecqfera%pbﬁ. 60y d foreached. shovay e g4 acgEiseph of 50 mA

is soon restored.
when WD 211 and WD 212 rise. 1In 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, it 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.



11 [0017] A degauss period during which degaussing is performed wll now
be descri bed. The AE 200 i ncorporates 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 eg?ble 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 process. The degauss enabl e signal 271 has a pul se waveformthat
is Hgh durgoigjthe time corresponding to the degauss period during which
degaussing is performed. When the degauss enable signal 271 is High, a
degaussi ng oper atd (edsuperger ed. dihieny titel deghegsuenahyeisi gnal 271 s
Low, no degaussing operation is perfornmed. The degauss enable signal 271

remai ns Hgy fimed GertBinowesé oge Sdrinete. afierat heoengnebrpbeasesmal write
period, and then reverts to Low. Wen the degaussing operation starts, the

RIW channele 28dq819ps, SR s nge D 20dr anth Wi 2d2de £ 083 9 eTbeadegauss

wavef orm generator 270 i ncorporates an
degauss current 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 is, 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



12 oscillator clock or constant frequency generator. The 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 -DWD. Degauss wite data 272 and 273 are referred to as
the DWD. As shown in Fig. 8 DW 272 a 273 are pulse waveforns having a
predeterm ned frequency and a predeterm ned pulse width. As indicated in
Fig. 8, these pulse waveforns appear during the degauss period only. The
+DWD 272 is a reversal of the -DWD 273. Mre specifically, when the +DWD
272 is H gh, the degauss wite data 273 is Low Wen the +DW 272 is Low,

t he degausssdarnillae ddatd o8 o ScdigtantThereddd andgeddhiase. hatfiea cycl e out
of phase and equal in pulse width. [0020] The +DWD 272 is input to a (B)

contact ofoddig 1 a3t Al Z3d.odhendlegiaus si awrided dad agiSrase | pgausd a (B)
contact of the switch 232. During the degauss period, the swtches 231 and

232 have adiBle cRACIH72 HIRI DI €, uPd Z @ik 208 Ar 272 NPyt ré et hed " Base”
termnals of the transistors 261 and 262, respectively. A change occurs in

the directipn Ofc e musr entedd oy ngr 1 tdec a2 1® heage 25Predintacgsr dance
with DAD 272 and 273. \Wen the +DWD 272 is High, the transistor 261 turns

g?hzg thateig et dd gnsss fiomd edded 272 Bl W ihi Aréheevetteqhead 250. In
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 is
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. 1In other



13 words,

a "negative" sign wite current flows to the wite head 2

When the -DWD 273 is High, the transistor 262 turns on so that a cur
flows fromright to left within the wite head 250. In other words,

"positive" sign wite current flows to the wite head 250. In this manner,
it is possible to change the direction %f the current flowing to the

head during the degauss period. Durin

t he degauss period, the polar

the current flowing to the wite head 250 reverses at fixed tine

i nterval s.

[0021] The switches 231 and 232 change in accordance wth

degauss enabl e signal 271. More specifically, when the degauss enab
signal 27w@aks, H dghegaf{ife'tai@ctwiSte supersedefiloys (8p tbataeiteVile the
degauss enable signal 271 is H gh, the switches 231 and 232 sel ect a (B)

contact .

nahen 19® degeausstienabbied s2 ghal s 27iglgpeshéonrahbesswort 262s

232 revert to (A) contact. The switches 231 and 232 are connected to
contact whidhd heh Wd tEn£ond rébrrehgnel owd 3f sm He ght otsepeesent thimrite
period. The signal input to the base termnals of the transistors 26
262 in thehawitecEHseNt2 gener gt o5t 26P whadgesa depesdt hgednsiyhet her the

normal wri

te period or degauss period prevails. [0022] 14
write current flows to the write head 250. 1In this manner,

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]
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wite
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During the degauss period, the switch 263 is controlled in accordance with
t he degauss enabl e signal 271. Wen the degauss enable signal 271 is High,
the switch 263 turns on. Therefore, the switch 263 is on during the
degauss period. Consequently, the current supplied from the current source
265 constantly flows to the wite head1 250 during the degauss period as
well. [0023] The switch 263 turns on/ off in accordance with the wite
control signal 213 and degauss enable signal 271. The state of the switch
263 changes in accordance with the superinposed signal 247, which is
obt ai ned when the superinposition circuit 240 superinposes the degauss
enabl e signal 27bwMerg the Wddauomanlodi gited 243 che63 stiper i nposed
signal 247 is obtained by extending the wite <control signal 213 for the

degauss peidriad-o1Meen itrhes c Sop@in F@oseth stignalied4is s sehiaplie thahails 27ahen t he
wite control signal 213 or degauss enable signal 271 is H gh, the switch

263 is on.yhEie (9 Iy Ak ram s Kyl i tihe Hide tié eswvatcherggen the
instant at which the normal wite period begins and the instant at which

the degauss,fyifd endsrefldis, ensirgsi thatzdhe £usk emlir sippthed fromthe

current source 265 flows to the wite head 250 during the normal wite

period andighiidg g fegaussn Requddk 14 0024 ddrrent 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]



The state of the switch 264 changes in accordance with an output that is
generated by the single shot (S/S) 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/S) 241 detects a rise 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
current flowing to the wite head 250. The +DWD 272 and -DWD 273 have the
sanme pulse wdth. The +DWD 272 is a signal that 1is a reversal of the -DWD
273. Therefore, the output of the single shot (S/S) 241 is a pul se waveform

that has two tinmeg,d hg freaenaye oby VB, 272 DD 2(3s asni adbsaligdckn Fig.
8. The switch 264 turns on when DWD 272 and DWD 2 rise. Mire

speci fical}y W%Lﬁ:&ﬂf@%@?fé’réeﬂé‘réé'@d%}peﬁﬁéOé‘iﬂéletgﬁo‘éurw?g; f 1 owi ng

to the write}head 250, the switch” 264 turns on so that a current flows from
o o S S (NG S T, Theciican souceados
oo e L5,Shal aslche I 2y SISERESk T ACepianES
o o AT IS  hoBhe EOd SR 2f3 e e GOpkoLOPH i 8et e

in DWD 272 and 273. In other words, the 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
(S/S) 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



switches 231 and 232 select a (A) contact or a (B) contact. Mre
specifically, when the switch 231 has a (A) contact, WD 211 and WD 212
enter the single shot (S/S) 241. On the other hand, when the switch 231 has
a (B) contact, the +DWD 272 and -DWD 273 enter the single shot (S/S) 241.
In other words, the signals entering t single shot (S/S) 241 are the
sane as the signals entering the transistors 261 and 262. The single shot
(S/I'S) 241 extracts a rise of the two input signals. The overshoot current

fl ows when a change occurs in the direction of the current flowng to the
wite head. Therefore, the switch 264 turns on when the on/off states of

t he transistdfénedRandarbd 22 chaggeechbse (Aspeshtacal by, at i8) sebhehc264 turns
on when the transistor 261 changes fromthe "on" state to the "off" state

and the tMaNsi SpoFiPblaThangesehr onet beitohf23sthte &o (Ahecotanactstate or
vice versa. This ensures that the switch 264 turns on when a change occurs

in the polwiiyl odnd hep susréentef! eMbngihgDe shetcusyent 28qur cen26bet o the
wite head 250. Consequently, when the polarity of the current flowing to

the wite heash 208nd eVRhsgSthé hewetenept1 BHBPALI ed) f EeALkbe , ceheenbwsour ce
266 flows to the wite head 250. [0026] During the degauss period, the

switch 263§ 2nghfS-pRp 8931 ntbe cRECsYhyNet BRoBONBRE) Woihe pehi ednelhe
switch 17

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 changes from the "on" state to the "off" state and the
transistor 262 changes from the "off" state to the "on"
state or vice versa. This 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



263 is controlled by the superinposed signal 247. Therefore, the switch 263
remai ns on during the normal 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 flowing to the wite head 250 as is
the case with the normal wite period. _Consequently, the current supplied
fromthe current source 266 and the cdrrent supplied fromthe current
source 265 both flowto the wite head 250. In other words, when the
polarity of the current flowwng to the wite head 250 reverses during the
degauss period, the switch 264 turns on so that the current supplied from

the currents3say ¢nte®1fdDWs, tthd epdditngdaat] Ladhal 0827] The magni t udes
of the currents supplied fromthe current sources 265 and 266 will now be

descri bed.THiSe fIIAWN dHe Rvgitch 24 wegauss ovavaioimy generadonal70
generates digital data (DAC val ues) 274 and 275, which are to be supplied

to the curpenle SAFICRP 40P d¥hZES. p&Piod setbhfgngheheubegalssf Perad, ent
sources 265 and 266, digital data (DAC val ues) 274 and 275 are subjected to

di gi t al - t Q1anal,pg GOMET S ip k- 1Nen \feld W& achd anddignt CAIr ERRhgsOUr ces 265
and 266. In accordance with digital~ data (DAC values) 274 and 275, the

gﬂ; :) finte o BEARS 26p @ 3 286 S&Sn tde (RO MG Of 14 PEnGUES ePhS TP P

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 wvalues) 274 and 275, the current sources 265 and

266 set the magnitudes of the currents to be supplied.



More specifically, the current source 265 determnes the nmagnitude of its
supply current in accordance with digital data 274, whereas the current
source 266 determ nes the nagnitude of its supply current in accordance
with digital data 275. The nagnitude of the current supplied fromthe
current source 265 increases with an increase in digital data 274, and the
magni t ude of the current supplied froml®the current source 266 increases
with an increase 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 onekshoelciduidaanty  dwHaGulenthedlcamid® qratd o isas ashé o reduce
the tine required for reversing the direction of the wite current. [0028]

During t hehal@riwRldemdft g tRerdugshl yidgirtrantdatm attb raitt e i tis Udl § yc d BMai ns
constant. It nmeans that the current supplied fromthe current sources 265

and 266 agtaCconat anheidadNgGHhelerdid M pavd atht ddiims ttige degauss
peri od, however, dlgltal data (DAC val ues) 274 and 275 gradually decrease

froma | eyelyrarevsl |df”Q.tf¥-’_@d}83ﬁ uIHR! i W d& REIA Q. wi th o hel c ypr ds,
digital data 274 is nmaxim ze uring the normal wite period and gradually

decr eased fyrd Bg - he ﬁ%@%&é@%iﬁﬂd@% e f&end up ST et rdd shepl i ed
265 1s 19

fromthe current source
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



maxi m zed during the normal wite period and gradually decreased during the
degauss period. Since the current 12 supplied fromthe current source 266
is 20% of the current supplied fromthe current source 265, digital data
275 is also maxim zed during the normal wite period and gradually
decreased during the degauss period. Therefore, the current 12 supplied
fromthe current source 265 attenuates ‘“at the same rate as the current |
supplied fromthe current source 265. [0029] It is assuned that the wite
current is 50 mA as indicated in Fig. 8 During the normal wite period, a
maxi mum current of 60 mA (a wite current of 50 mA plus an overshoot

current ofmaldniNed lAwsidp dHhe Wil heatk @perifpdakndugredtally ot her
words, a current of 60 mA flows to the wite head 250 when a change occurs

in the pol@dhaaddd dlie rdirdientdddQveNgodvidde inee hend 2&Predberol | owi ng
expl anation assunes that the current flowwng to the wite head decreases in

steps of Hyuppifirm@-i itiee caliredit | evetce ofe 0L g¥p elyir bngt hEecdeganss
period. [0030] As indicated in Fig. 8, the current Ii supplied fromthe

current squiae 265 ety aaseSchPrSt€PSo@fco 0 f roMyieal eyeta0b750i8n
(decreases to 45 mA, 40 mA, and so on to O nﬁb during the degauss peri od.
Digital daigs27fhslni2ed during the normal write period 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 pericd.
[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



decreased so that the current decreases in steps of 5 mA when the +DWD or
-DWD rises. In this instance, the polarity of the current reverses. In

ot her words, the current decreases in steps of 5 mA each tine a change
occurs in the polarity of the current flowng to the wite head 250.
Therefore, the current flow ng fron1tn§ current source 265 to the wite
head 250 attenuates from50 mA to O Owhi | e changing the polarity
(decreases from50 mAto -45 mA, +40 mA, -35 mA, and so on to 0 md). [0031]
During the degauss period, the current 12 supplied fromthe current source
266 al so decreases in the same manner as descri bed above. Setup is

per f or redgserthatdt Be toutr ehle LRArseppl dedresems Hey aramntoSdume 266 is
20% of the current 11 supplied fromthe current source 265. Therefore, the

current 1Znhsupphieedplibodrt hewourtierls .SOUnC&hi266 rgytadital | \tltecr eases in
steps of 1 mMA from10 mMAto 9 mA, 8 mA, and so on to O mA. Consequently,

the currepbi1bhe®iyngr themMdiie gt reRlergRy.ce 1266 tHet Rbwdd t ecead 250
attenuates while changing the polarity (decreases to -9 mA, +8 mA, -7 nA,

and so on 4,0 @ ecealdle hegidiaigig 3 o i Legaussndel i @thridefore the

initial rise of the +DWD or - DW), the polarity of the current flow ng from
the currepfcc,$QUAGE t2@5 A alrhig yvd et %HE%@ﬂr%dtOtflrcﬁﬁ/iq{%iéb hdcerithe wite

current is still not reversed, 'the switch 264 is off.
head 250. Therefore, the current 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 Il 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 mMA, -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 is still not reversed, the switch 264 is off.



Therefore
head 250
gener at or
source 26
fl ow ng

wite cur

, the current flowing fromthe current source 266 to the wi
is O M. The total current generated by the wite current
260 is 50 mMA including the current flowng fromthe current
5tothe wite head 250. The overshoot current is added to t
current at the nonent the polarity indicating the direction
rent reverses. Thus, the swit@h 264 turns on. The current fl

te

he
of the
OW ng

to the wite head 250 is increased by the anmount of the overshoot current.

Therefore

, when the overshoot current is taken into account, the curr

ent

flowing to the wite head during the degauss period attenuates to 50 mA,
FHEbe FAe M hed SN #10wWh nd ¥ SVt hréh@. sSurbO038% As

above, the conventional hard disk drive reduces the tine required
for rever i@ g Mtd Greddi TNt JUJ iddg, t REndorded 1 Wi el §eerdbegef ore,
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i's Instance, the overshoot generation circuit”is operated
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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,



many hi gh-frequency conponents, which constitute a peak current waveform
are likely to vary under the influence of wite head inductance and
parasitic capacitance. Consequently, degaussing cannot be perfornmed
pronptly and properly due to a disordered degauss current waveform which
causes the actual peak current to changﬁ. The current does not snoothly
attenuate to zero in the end particul&fly if a peak current remains in the
degauss current waveform at an end stage of the degauss period, that is,
after degauss current waveformreversal is sufficiently repeated. In the
above exanple, it is assuned that the overshoot current is 20% of the
normal W inagy GUkhefireddamrvercondortdia o ewarisal «pead tstd aw,pssit up may be
performed so that the overshoot current is 50% or 100% of the nornmal wite

current. Ildurgéeit SekFdrs didrectlikelapld ahriyo driteagedissnElieedd yavef orm
the current cannot snoothly attenuate to zero. In the conventional HDD, the

over shoot wGURtleMeddS iFEHUN R IRAYH Wd s ialild edpabieaié®n reversal during
t he degauss period. As a result, degaussing cannot properly be perforned in

the convenidrRafuerdd®:, [ sshitey FRERIY B VY i Find@Sp heRp: TRdgnd n vi ew of

the above circunstances. The present invention provide a har di sk drive
that is capales19f RRY iy | N SRGRUS] Mbdaliss 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



pronptly and properly and a recording nethod for use with such a hard di sk
drive. [Means for Solving the Problens] [0034] According to a first aspect
of the present invention, there is provided a hard disk drive, which

i ncludes a magnetic recording nediumand a wite head for witing data onto
the magnetic recording nmedium wherein__the polarity of a current flowing to
the wite head is reversed in accordadée with the data to wite the data
onto the nmagnetic recording nmedium 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 nedi um

a second wny SOl @8- dpRir 1ISURRIY I Grer et matH@Nt fomhigd witws to the
write head, en the polarity of the first current changes; a sw tching

circuit ferdrewensirag dike paliard ties of currents flowing fromthe first and
second current sources to the wite head; and a control circuit for

exer ci si ngveits Forafdak ithe tdat ddshieel etely witten so that the second
current, which flows fromthe second current source to the wite head when

the polarifyyseff the first current is reversed, becomes approximately zero
before the first current converges to approximtely zero during a degauss

period during whi gh 38 Wd & Nead 1§ Zfhpect of the present

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



degaussed by flowing the first current to the wite head wth the polarity
of the first current reversed while the 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 di sk drive as described abové4 wherein the control circuit st ops
the second current, which flows fromthe second current source to the
wite head, during the degauss period. Consequently, the hard disk drive
according to the second aspect of the present invention nmay degauss the

wite headephogply bgnd1opiererthe fiQ@36cuAseanditng die avtidd thespect of the
present invention, there is provided the hard disk drive as described

above, wh%ri%hn_th@eﬁ@q&tﬂﬁ SIff G AiRGtUdes r@ntsS Wdvidr ddmtwh Sl dasid | oned
between the wite head and the second current source; and wherein the

switch st epsstheyrseeend L wtiteiua tdd .ch ddriesddrmyt he e qonel cargient sour ce
to the wite head. Consequently, the hard disk drive according to the third

aspect of e PLESeR IRy Y it MYs1degauss e tMd trdead: pronptly and
properly although a sinple configuration is enployed. 25
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
second 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.



[ 0037] According to a fourth aspect of the present invention, there is
provi ded the hard disk drive as described above, wherein the control
circuit further includes an AND circuit into which a wite control signa
for indicating a period for witing the data and the wite data for
reversing the polarity of a first currsgt, which flows fromthe first

current source, are input; and wherein“’the swtch is control

led in

accordance with an output from the AND circuit. Consequently, the hard disk
drive according to the fourth aspect of the present invention nay degauss

the wite head pronptly and properly although a sinple confi
enpl oyed. [p@838] According to a fifth aspect of the present

guration is
i nventi on,

there is provided the hard disk drive as described above, wherein the

second current, whicelridiews td romduie s ecREc Wi e StEoent

othe wite

head, is stopped by reducing the second current, which is output fromthe
second CUMKHERLtSOW, C&hdr@ aARPIPIWRIc] temard @ingeqlentd Yast he hard di sk
drive according to the fifth aspect of the present invention nmay degauss

the wite daead i HIOHYIWe aRthd¥aRerdhe alddiauah @ sum efgridéguration is

enpl oyed. 26 According to a sixth aspect of the present

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,

flows from the first current source, are input; and

which

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, is

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.



invention, there is provided the hard disk drive as described 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 approxinmately zero. Consequently,
the hard disk drive according to the ﬁixth aspect of the present invention
may degauss the wite head pronptly a 8 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 described
above, wherein the control circuit reverses the polarity of the second
current while att eruatidigd e secith adpgent dfo tdppropesmttel y zero during a
second attenuation period, which is shorter than a first attenuation period
duri ng whiigRenfta oni,r $thedd rientpreanviidehd happraddkedeiye zero.
Consequently, the hard disk drive according to the seventh aspect of the

present i AeertiigRdapbegavsfeidiar tMd teraad priomiity swsbgremer!y al though
a sinple configuration is enployed. [0040] According to an eighth aspect of

the preserfecdndy@rir@ht t RelieH Sy ied Hdeavhiardl sk, dsyve as 27

descri bed above, further conprising a register for setting
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 aspect of the present invention may degauss the write
head promptly and properly although a simple configuration
is employed.
[0039]

According to a seventh aspect of the present
invention, there is 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 degauss 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



a current value for the second current, which is supplied fromthe second
current source, wherein, during the degauss period, the second current
attenuates to approximately zero wthin the second attenuation period in
accordance with a register value that is stored in the register.
Consequently, the hard disk drive accorging to the eighth aspect of the
present invention may steadily perforn@ degaussi ng. [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 i megnddibedreybgenerfate: e prafery et ngl egatssi st efidr wawet dngn wi t h
ease. [0042] According to a tenth aspect of the present invention, there is

provi ded a regefding dRiotbf arheéd dwdshd dhwskretit veyhidth chs i gappitlesda
magnetic recording nediumand a wite head for witing data onto the

nmagneti ¢ rieet iy sdmdidmumeiei souhee paltastd in Of dar Tk r ené aégagg to the
wite head is reversed in accordance with the data to wite the data onto

t he nmagnetdes QL Ot GamMABut et endd ik e sTeE Hogh S PORI &t 8Tyt herst eps
of: flowwng a first current, 28 which is supplied froma first current
source, tQ,{he WdHe 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.

[0042]

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 the magnetic recording medium, the recording

method comprising the steps of: flowing a first current,



head; reversing the polarity of the first current, which 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 nedium degaussing
with the polarity of the first current “°reversed while attenuating the first
current, which flows fromthe first current source to the wite head; and
reduci ng the second current, which flows fromthe second current source to
the wite head when the polarity of the first current is reversed, to

appr oxi matwiclzerd daimre=d herorid sfitelt rentreonvesgese f otapphexiveatel y zero
within a degauss period during which the degaussing is perforned.

Consequentigad i hee e ity NgheBi b Beg as i tige t i £die t@htdntaspRethof the
present invention nmakes 1t possible to degauss the wite head pronptly and

properly. riQ43Ho AckOrlNge tige 2, el eVentdraspestwotht brepagsant invention,
there is provided the hard disk drive as described above, wherein the

second curgrindhiwked | OM8 pblamthecseenRdrewEECRLISAMCE s IrfevidRRed
during the degauss peri od. %bnsequently, the hard disk drive according to

the el eventi aspect Ofridier RISt sLBYRAEQPr&9: , MR idrJANSSupPeivni te head

pronptly and properly.
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



[ 0044] According to a twelfth aspect of the present invention, there is
provi ded the recordi ng nethod as described above, wherein a current flow ng
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 di sk drivg according to the twel fth aspect of
the present invention nay degauss the Wite head pronptly and properly

al though a sinple configuration is enployed. [0045] According to a
thirteenth aspect of the present invention, there is provided the recording
met hod as described above, wherein the polarity of the second current is
reversed whil degbiesuahiengriihe $eeongromptdyt aml rapprexdiyatel y zero during
a second attenuation period, which is shorter than a first attenuation

peri od durfiong4]whi ch the first current converges to approxinmately zero.

[ 0046] According to a fourteenth aspect of the present invention, there is

provided the recondicogdieihed as twdaswh kegdertovE vienaidesdite second
current attenuates to approximately zero within the second attenuation

period iningeeendancensireh i mesidd wWdaddmidirg sieftesi ids a 30 register
for setting a current value for the second current,

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



which is supplied fromthe second current source. Consequently, the hard
di sk drive according to the fourteenth aspect of the present invention my
steadily perform degaussing. [Advantages of the Invention] [0047] The
present invention provides a hard disk drive that is capable of performng
degaussing pronptly and properly. [Begé Mode for Carrying Qut the

I nvention] [0048] Preferred enbodi nen of the present invention are
descri bed bel ow. For the sake of clarity in explanation, the follow ng
descriptions and acconpanying drawi ngs are abbreviated or sinplified as
appropriate. Persons of skill in the art will appreciate that changes,

addi ti onsreghdtevatfioat isent imay beap@ritedraliuehaitr delpar secenfir onrrhetscope
and spirit of the present invention. Like elenents in the draw ngs are
denot ed byhhkicke isekapgndednrenaltheanecsinld curaterhe stescrd bed repeatedly for
the sake of clarity. First Enbodinment [0049] A first enbodi ment of the
present i nvesktgoenwilll, thewhkedesek ked vien adeicaiding tdo rigference to the 31

acconpanyi ng drawi ngs. For ease of understandi ng of 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 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



present invention, the overall configuration of a hard disk drive (HDD),
which is an exanple of a recording nedia drive, wll be first outlined.
Fig. 1 is a block diagramthat schematically shows the configuration of an
HDD 1 according to the present enbodi ment. The HDD 1 conprises a magnetic
disk 11, which is a typical recording dium a head el enent section 12,
which is a typical head, an arm electronic circuit (armelectronics or AE)
13, a spindle notor (SPM 14, and a voice coil nmotor (VCM 15. These
conponents are positioned within a hernetically sealed enclosure 10. [0050]
The HDD 1 includes a circuit board 20, which is fastened to the outer
surface ofaddwenpengotiosurdrakdindébuntiest ersd hef cindendtdoodiog 20f atkea

read/ wite channel (R'W channel) 21, a notor driver unit 22, an integrated
circuit iprguor atrivehta dray dolth shkvexoait Y od dreff i qUHEXE) i @mdo ina MRakr @t Bii sk
integrated circuit is hereinafter referred to as the HDC MPU) 23, a RAM 24,
whi ch is aldig ceDDeoslyi clants odheexahfbe dheacirecuirtliagnmpeddr Imme be
integrated into a single IC or nmounted separately in a plurality of ICs.

[ 0051] TheyiHRDC/HPY 231 esai Vasedy | tRiglatn {¢ amnslvoext @t agramhorat51. The

head el ement section 12 wites the received 32 wite data onto the nagnetic
di sk 11 vigeHdatYAcRa@dwa lthe 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



and AE 13. Data stored on the magnetic disk 11 is read by the head el enent
section 12. The HDC/ MPU 23 then outputs the read data to the external host
51 via the AE 13 and RFW channel 21. [0052] The conponents of the HDD 1
wi |l now be described. First of all, the drive nechanismfor the magnetic
disk 11 and head el enent section 12 w_| | be sunmarized with reference to
Fig. 2. The nmagnetic disk 11 is fastendd to a hub of the SPM 14. The SPM 14
rotates the magnetic disk 11 at a predeterm ned speed. In accordance with
control data that is supplied fromthe HDC/ MPU 23, the notor driver unit

22 drives the SPM 14. The magnetic disk 11 according to the present

enbodi nenwrhas @adat antecard neaiddiaceliek hat krisivdes.R Heachatesterd 1
sections 12 (not shown in Fig. 2) are provided to handle both recording

surfaces. gd053] 1Bach thead jamntorsetid amghztis fadlened 19 weadlb@er 16.
The slider 16 is fastened to a carriage 17. The carriage 17 is fastened to

the VCM 1%heTheaMCM1Eme@s @ddtatas 10, nove tHe Aiuers thandhgas ¢! ement
section 12. The notor driver unit 22 drives the VCM 15 in accordance w th

the contrehadalasuRpld ed frnd:he G W4t 23. 3% d0%E 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
sides. 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.



To read data fromor wite data onto the magnetic disk 11, the carriage 17
noves the slider 16 and head elenent section 12 to a |ocation over a data
area on a surface of the magnetic disk 11. Wien the carriage 17
oscillates, the slider 16 and head el enent section 12 radially nove over
the surface of the nmagnetic disk 11. Ig this manner, the head el enent
section 12 accesses a desired area. | 655] 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 nagnetic disk 11
bal ances with a force that is applied toward the magnetic disk 11 by the
carriage 10.05@nsequently, the head el enent section 12, which is fastened to
the slider 16, flies above the nagnetic disk 11, providing a certain
clearance to the magneldd dhtsk fauond ane . wrie ety odthe tieadnedeseind section
12 has a one-piece read/wite head, which includes a wite head for

converti n@iak ahecturiecaarsiagell ondvramangs igl fdet d 6 ra@closgkdnce with data
stored on the magnetic disk 11 and a read head for converting a magnetic

field, whigghriehtgenreratad 1 am the dauedn owlska ddsa t&rén ehegtrical

signal. There should be at |east one nagnetic disk 11. A recording surface

may be forgmd0r 3F @id helgrdt Rotdy st des. ofwidie tmaneit£igdyskiil.
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 156,
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



[ 00561 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 anplified read signal to the RW
channel 21. Further, the wite signal tput fromthe R'Wchannel 21 is
delivered to the selected head element section 12. The AE 13 exerci ses
distinctive control during a degaussing process as described later. [00571
The R/'Wchannel 21 perfornms a wite process on data that is transferred
fromthe hastherl.od dtlre airddse qff ades spagridtel diR/dA/dhalmel 21 receives wite
data fromthe HDC/ MPU 23, and subjects the wite data to code nodul ati on.
The AE 13 [ooexri ves the wite data, which is code-nodul ated by the RW
channel 21, converts the received wite data to a wite signal (electrica

current), and supmdwsriiey Wd tEig] gnaleadlo dhecuwdt teediebon whithnewnposes
the head el enent section 12. Wen data is to be supplied to the host 51,

the R'W dwmelcdbdier f oris me rentkdlaess sond déd® ébatent 0§€66iont he AE 13
receives a read signal fromthe read head, which conposes the head el enent

section 12,7 avbmnpldifiesl 1 3O hdLrad vafbricask St has 12 foregHesi gnal
having a certain

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. In 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



anplitude. The R'Wchannel 21 extracts data fromthe obtained 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 within which the MPU and HDC
are integrated into a single chip. The 3gPU operates in accordance with

m crocode 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 mcrocode for MPU
operation. The HDC/ MPU 23 perforns necessary processes for head el enent
secti on pasiddiomidhgeacbriirarigl it ex fraezed coignal  hatefregta nee@ageent, and

vari ous other data processing operations, and exercises overall control
over the HR1Ltyd059]ThEnR MDEHIRINEE 35 ecdpadittes adatiant Erdracthg with the
host 51, and receives user data, read conmand, wite conmmand, and ot her
commands fobyaitrikel hesdd SHigrdile ddl/ pdrforhds ta adsd@d ing heroeees ved tiser dat a
to the R Wchannel 21. Further, the HDC/MPU 23 transmts read data, which
is acqui reg dfayad iagmgnethe dhisk i dod hee Rl Wateaed 2dert @aBé ahblie host

51. In addition, the HDC/ MPU 23 perforns an error
servo 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 exercises 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



correction (ECC) process on user data that is obtained from the host 51 or
read fromthe magnetic disk 11. The HDD 1 according to the present

enbodi ment transmts data (comrands, user data, and control data incl uded)
to and receives the data fromthe host 51 via a serial or parallel

comuni cations |link. [0060] The data to be read by the R/'Wchannel 21
includes user data and servo data. Thé®HDC/ MPU 23 uses the servo data to
exerci se positioning control over the head el ement section 12. The control
data supplied fromthe HDC MPU 23 is output to the notor driver unit 22.
The notor driver wunit 22 supplies a drive current to the VCM 15 in

accordancena tyst eont r aln sdHa i ofurdierupd heetiDE MR- PSrméisgs éheoser vo
data to control a data read/wite process. [0061] e configuration for

per for m ng¢R3-degasSi (Hc p}%&:&%é Mot NesdPRIW A | oW be disssihb&drwbkh

reference to Figs. 3 an . Fig. 3 shows the configuration of the AE in

the HDD. R 1bdtS & tdﬁ“ﬂﬂacﬂ@ﬁfr@”ﬂﬂé'rﬁb}&ﬂéﬁi@@dﬁ]@”@i. weyef s f or
degaussi ng. An exanple in which the AE 1 control s a degaussi ng process

Wil be d:ﬁ{dﬁﬁ% o ﬁﬁ?@;@%ﬁy étrﬁ%éé‘ﬁn&{@%n&@@@@?@é- [0062] 37

First of t he confti gur AE 13 for
(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]



use in the HDD according to the present invention will be described with
reference to Fig. 3. As shown in Fig. 3, the AE 13 conprises 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 16é?, 161b, 162a, 162b, sw tches 163,
164, and current sources 165, 166. The’basic configuration of the wite
current generator 160 is the sane as that of the wite current generator
260 in a conventional HDD, which is shown in Figs. 6 (a) and 6 (b). The
transi stors 16la and 161b are referred to as transistors 161, whereas the

transistors 162a andst63l ane, takecoadiborasibhavd ey RELGR faring a
normal wite period and in accordance with a signal supplied fromthe RW

channel 2}sandnathkgnab sdeplrdedsf temcae HPEsebr Whivehhtich avipdr tbedf the
HDC/ MPU 23, the wite current generator 160 generates a wite current that

is to be guppkigddt @idh Weirkeehead t5@1gDuBi. Ng Az deeansS perigpd and in
accordance wth signals supplied fromthe degauss waveform generator 170

and AND (kegi a@l 1Br edpgh)i seist QU1 142 culrhen¥ ige®erGidrents generat or 160
generates a wite current that is to be supplied to the wite head 150. The

degauss 0 Lhates sa b i | 171,
dogauss werpe aa A BB T oo R G o s TR 5 Faey 174 i n

accordancg W LR W i(h8G2AL" Qroth@tdl LWAL® 142. 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 161b 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



gate signal) 113 that is supplied fromthe HDC 26. [00631 First of all, the
normal wite period during which a nornmal wite is perfornmed relative to
the magnetic disk w |l be described. The RFWchannel 21, which is nounted
on the circuit board 20, enters wite data (WD) 111, 112 into the AE 13.
Fig. 3 shows two wite data signal Iina? because WD 111 and 112 are
transmtted as differential signals. ite data 111 (+WD) is a signal that
is a reversal of wite data 112 (-WD). Mre specifically, when the +WD 111
is Hgh, the -WD 112 is Low. When the +WD 111 is Low, the -WD 112 is High.
The data to be witten onto the magnetic disk varies in accordance with WD
111 and 1k#&Alud)0064l Furddwesrddrime HOGRG6G wihitoh ¢ontmooht edgoalt eriter cuit
board 20, enters the wite control signal 113 into the AE 13. The wite
control siguad slibhdindi et eshathet hesupEl ved terdms tloe HEDPeréormed rel ative to
the magnetic disk. A wite is perfornmed in accordance with the wite
control sjaped] 113. More specifically, when the wite control signal 113
is Hgh, acurrent flows to the wite head 150 so that a wite is perforned

relative to the magneii oHiski, Wemosmal her Dtdesehasd, dihenyr whechontrol
signal is Low, no wite is perforned relative to the magnetic disk. As 39
descri bed aboyanaR WiOIHR| i M Lf PFRE@SSel St PRs {106 NElle WhhgBetic disk

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



the wite control signal 113 is H gh. The normal wite period is a period
during which the wite control signal 113 is H gh. [0065] The +WD is i nput
to a (A contact of a switch 131. The -WDis input to a (A) contact of a
switch 132. The switches 131 and 132 select (A) contact during the nornal
wite period during which the wite cog’brol signal 113 is H gh. State
changes in the switches 131 and 132 ar control |l ed by the degauss enabl e
signal 171 as described later. 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

t he base tdergumddesl afbdvee & rransuslt orsi tib Iprammk 46 21 sveer f dremesad viohes 131 and
132 select (A contact are WD 111 and 112, which are supplied fromthe RW
channel 12he Ruriiteg ddre rodr i grverl ¥ Peirg ditigh t heTled atermahewditecti on of
the current generated by the wite current generator 160 varies in

accor danceeriidd W2 &l Pemist 1d2eiddrehisgtecitie catitye adwetréhesiy¥xlll is
High, the transistor 161 turns on and the transistor 162 turns off. In
this instance,isanwgiie current flows fromleft to right within the wite
head 150, which is shown in Fig. 3. Wen, on the other hand, the -WD 112 is
H gh, the #Qedjransi stor 161 turns off and the transistor 162 turns on.

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) contact 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



In this instance, a wite current flows fromright to left wthin 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
flowng to the wite head 150 varies. The transistors 161 and 162 are

current switch circuits for reversing t4 e polarity of the current (the
direction of the current) that flows 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 (tharnairatent fdlowsurdromfrfi ghid ttthe |fdnsidtovmn 162 wwmine dead 150
when the transistor 161 turns off with the transistor 162 turning on. The
current firowHg timdtdwnos, tee veiatk G0 rents ufiipdwe df foronrtdiet cuor taft sources
165 and 166 via the switches 163 and 164, which are nmounted in the wite
current geigtatrore hbGvr {0 6feladCal 3 ectwhidlerig nethswof it heidr amsi stors 161 and
162 are connected to a positive supply voltage +Vcc. Enmitter termnals of

the transitgieferoh@l, ak kazZ @ cnnpsiethial oy negatwyecsupptyenol t age - Vee
or ground (G\ND) via the switch 163 and the current source 165 or via the

swi tch 164a&and-atidie 1080 renteisourges 1bbredhesief oF eshaheirt&er st bwheg 163 41
and 164 turn on, a current flows to the wite head 150 via

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 +Vcc. 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



the transistor 161 or transistor 162. [0067] The current source 165
generates and supplies a wite current for witing onto the magnetic di sk.
For the sake of brevity, it is assunmed that the wite current is 50 nmA
When a current of +50 mA or -50 mA flows to the wite head 150, data nay be
witten onto the magnetic disk. The ¢ irent l'i supplied fromthe current
source 165 during the normal wite period is a wite current and fixed at
50 mA. [0068] On the other hand, the current source 166 generates and
supplies an overshoot current. It is assuned that the overshoot current
tenmporarily flows fromthe current source 166 when the polarity of the
current fhadi ng4t aurheow,i e culreadtlF0owev s ehe Wre teuhrest fOmishe
current source 166 is supplied only when the direction of the current
flowi ng taetbeawsikeolead1lo® chamgastorhaeswi tch 163 is provi ded between
the current source 165 and the wite head 150. The swtch 164 is provided
bet ween theoeunrent source 166 and the wite head 150. The switch 163
controls the current supply fromthe current source 165. The switch 164
controls the currene supplent§ semridee 166 RHe ra@wWsC antbGupd DES]a The switch

163, which is connected to the current 42 source 165, is controlled in

accor dancgrwickhcikeewti fer 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 is 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 is connected to the current



control signal 113. In reality, the switch 163 is controlled by a
superi nposed signal 147, which is obtained when a superinposition circuit
140 superi nposes the degauss enable signal 171 over the wite control
signal 113. This control operation will be described later. During the
normal wite period, the wite control ?ignal 113 is High so that the
swtch 163 is on. Therefore, the curreﬁ 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 from
the AND ( kogrreal 1peoduct conitreliltedld? agoesddirgle wiltd Skid cyriltel t urns on.
The wite control signal 113 and the output of the single shot (S/S) 141
enter thecANRrollogiigaalpraduct )Ircirealiitt yl42helhaviAND 1(d0giscal product)
circuit 142 then ANDs the wite control signal 113 and the output of the
singl e shebntso9)etidby & QUAHriwage@ tHeynadr mel7 WwHieslpers ashtdiveedWD 111
and -WD 112 are input to the single shot (S/S) 141. The single shot (S/S)
141 det eciupea &i S@peddengosi\WB okl kiarhi\D 1412 supeOidessewridse ddpawss put of
the single shot (S/'S) 141 43 becones a signal that exhibits a pul se when a
change ocewhdle signal 171 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

source 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 product) 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



in the direction of the current flowing to the wite head 150. The out put
of the single shot (S/S) 141 gives a timng of a state change of the switch
164. Since the wite control signal 113 remai ns Hi gh during the nornal
wite period, the output of the AND (logical product) circuit 142 is the
sane as that of the single shot (S/S) 41 during the normal wite period.
During the normal wite period, therefore, the switch 164 turns on briefly
in synchronismwith a rise edge in Wb 111 and WD 112. More specifically,
the switch 164 remains on for the reversal tinme when a change occurs in the
direction of the current flowing to the wite head. This causes a current
to fl ow beesmtbBeacgipeal sbhatcexbfbite Bheuwise ehreac IShindeheocours ent
source 166 supplies 20% of the current that is supplied fromthe current
source 163n thendamecthah tlie theurientensufilowdchdl amtiee wirreriesbur ce 166
during the normal wite period is 10 mA. [0072] Wen the current source
166, whi chsour nghenoddpiutg oft hder eMeigdal shiore (@19) and igiwseda f or over shoot
current generation, uses an overshoot as described above, it is possible

to reducetiih@ngi 5€ hi BRatkelias@le WiTRhd Ratidch reaqui reichdeorchdie wite
current to conpletely reverse after a wite data value change. 44 [0073]
write control signal 113 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
specifically, 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 wvalue change.
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ss period during which degaussing is perfornmed will now be

. The degauss waveform generator 170 is used to generate a degauss
wavef orm for degaussing. [0074] The wite control signal 113 is

the degauss waveform generator 170. The degauss waveform

170 generates the degauss enghle signal 171 in accordance with
control signal 113. Mire specifically, the degauss waveform
170 outputs the degauss enable signal 171 when the wite control

13 falls, that is, when a wite process is followed by a

g operation at the end of the normal wite period. The degauss
doal73171 has a pul se waveformthat remains H gh for a period that
ds to the degauss period during which degaussing is perforned.

degaus Thenalelgeusisgmedr ibal dusildiggtwh iarhd elysges s stignpies at | on

. The degaussi ng operation ends by the time the degauss enable
si ghal 17pegdesmedwwidilneew he slddgaohdrd.13Tendebi@iswivateforom a (A)

is

o0 a (B) contact at the beginning of the degaussi ng operation,
si gnal s t gernleeasupplli7ed ilsd Uddl ttargirdrete B Hapidd2whaange from WD 111
2 to degauss wite data 172 and 173. The degauss enabl e signal
remai ns HwgRedbrimEor CRIJaaigsi4fy. period of tinme after the end of the nornal

i od,
[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
specifically, 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 signal 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 degauss 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

t he

171



and then goes Low again. [0075] The degauss waveform generator 170

i ncorporates an oscillator clock or constant frequency generator. The
oscillator clock or the like is used to generate degauss wite data (DWD)
172 and 173. For exanple, DW 172 and 173 may be 50 MHz fixed patterns.
Degauss wite data 172 is referred to ?s the +DWD. Degauss wite data 173

is referred to as the -DW. Degauss WI4 te data 172 and 173 are referred to

as the DWD. As shown in Fig. 4, DWD 172 and 173 are pul se waveforns havi ng
a predeterm ned frequency and a half-cycle (50% duty cycle) pulse width. As
indicated in Fig. 4, these pulse waveforns appear during the degauss period
only. Thepebibd1dZ itsme edrersdheoferichef th@DnbEidalvwsl tspardfiadl |y, when
the +DWD 172 is Hi gh, the degauss wite data 173 is Low. Wen the +DWD 172
is Low thd degausg®esr ilioev dafaanl73 is Hi gh. The +DWD and -DWD are half a
cycle out of phase and equal in pulse width. [0076] As indicated in Fig. 3,
degauss wrfiobgsdata (+DWD) 172 is input to a (B) contact of the switch 131,
whereas degauss wite data 173 is input to a (B) contact of the swtch
132. During the dagausiegarigs0havdf@rwdaiaatbil 1and A pewe: s (8)
contact. Therefore, DW 172 and DWD 173 46 are input to the base term nals
of the traRidlersrlellcdkd or constant frequency generator. 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 1is

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.

As indicated in Fig. 4, these pulse waveforms appear during

the degauss period only. The +DWD 172 is a reversal 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 equal in pulse width.

[0076]

As indicated in Fig. 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



162 during the degauss period. A change occurs in the direction of the
current flowing to the wite head 150 in accordance with DWD 172 and DWD
173. More specifically, when the +DWD 172 goes Hi gh, the transistor 161
turns on. \When the -DWD 173 goes High, the transistor 162 turns on. In
this manner, the direction of the currag; flowng to the wite head 150 nmay
be changed during the degauss peri od. nsequently, the polarity of the
current flowng to the wite head 150 reverses at fixed tinme intervals
during the degauss period. [0077] The switches 131 and 132 are controlled
in accordance with the degauss enabl e signal 171. Wen the degauss enable
si gnal 17argoespHtgho the $wistchesnlidhlandf 132 drarngel Stom al§A)andnt act to
a (B) contact. Wiile the degauss enable signal 171 is Hi gh, the switches
131 and 1332 Haveng (Be dentacts péhdrod.he Adedeusse erahlms simgndhie 171 goes
Low, the swtches 131 and 132 revert to a (A) contact. The switches 131 and
132 have difArtcont att tter icug e fewialg Wd tthepevriiote dugddigl Whih t he
wite control signal 113 is High. Therefore, the signal input to the base

t er mi nal s a@tcrilaniceansity owp 16k andl 16D 173 .he Myrd espestti frd 1 ener at or 160

changes dependi ng on whether the normal wite period or degauss period
prevails. whén [B@78DWD 172 goes High, the transistor 161 turns on.
When the -DWD 173 goes 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.



During the degauss period, the switch 163 is controlled in accordance with
t he degauss enabl e signal 171. Wen the degauss enable signal 171 is High,
the switch 163 turns on. Therefore, the switch 163 is on during the
degauss period. It neans that the current supplied from the current source
165 constantly flows to the wite head4 150 during the degauss peri od.
[0079) The switch 163 turns on/off in aZcordance wth the wite control
signal 113 and degauss enable signal 171. Mre specifically, the state of
the switch 163 changes in accordance with the superinposed signal 147,
which is obtained when the superinposition circuit 140 superinposes the
degauss erl@dl78]si gnal 171 over the wite control signal 113. The
superinposed signal 147 is obtained by extending the wite control signal
113 for the degaudmirpew adthe Wegraustsheextipet,i Mjesedvisigmal 634i/si s Hi gh, that
is, when the wite control signal 113 or degauss enable signal 171 is
Hi gh, the cownittredl 1863 iirs amrvorddencaivicth 163 réegauss oanadliei sgghhé ti7ne
interval between the instant at which the normal wite period begins and
the instamhed tha cdeddigss degdiss gueyriadd lendsis High enshs eswiteh 162 current
supplied fromthe current source 165 flows to the wite 48 head 150 during
t he nor maltumnst @rper ITodrasfbrair itlg tdwel tategasssi Pesn aduring the

degauss period. It means that the current supplied from

the current source 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 specifically, the state 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



[ 0080] The state of the switch 164 changes in accordance wth an out put
that is generated by the AND (logical product) circuit 142. The wite
control signal 113 and the output of the single shot (S/S) 141 enter the
AND (l ogical product) circuit 142. Since the wite control signal 113 s
Low during the degauss period, the outﬁgt of the AND (Il ogical product)
circuit 142 is Low without regard to t 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 DWDh#32 asd BPing/ 3 har edmpult wrtihe ANRiddogirchldypriodudte circuit 142
to which the output of the single shot (S/S) 141 and the wite control
si gnal 1l13egnasisnpetriocand the switch 164 whose state changes in accordance
with the output fromthe AND (logical product) circuit 142 constitute a
control ci[oogiojl that exercises control to stop the current flow fromthe
current source 166 to the wite head 150 during the degauss period. [0081]
During the degausghperdtede (T t teafi tho3 Ire@ilahgdE 1N @scdrddmes case with
the normal wite period. Since the switch 163 is controlled by the
superi nposg@hsiagn@dutbht, tHat is generated by the AND (logical

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



remains on during the tinme interval between the beginning of the nornal
wite period and the end of the degauss period. During the degauss peri od,
the switch 164 remains off unlike during the normal wite period. The
switch 164 is controlled by the output fromthe AND (Il ogical product)
circuit 142. The AND (I ogi cal product)a?ircuit 142 ANDs the entered out put
of the single shot (S/S) 141 and the ite 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 tine
domain within which the wite current reverse tinme is to be reduced.
However, bheasutiputhfr amset et rdlee nehotal( St el 4k raimd] + heSimdea ecloont r ol
signal (wite gate signal) are sinultaneously input to the AND (I ogica
product) ewtctht 1542 1isThenefralded gy aliepwupeir i ntdees ANG idrogi cid 7 prioduct )
circuit 142 does not go High during the degauss period. Since the swtch
164 renmai fremadhk dur idng itnke tdegause perdeadsall e twtrarethes Uppdiredirig om t he
current source 166 does not flowto the wite head 150. Therefore, only the

current sggpkihed nbr@alt ke i Rttiods e ehkbeid @6 dhe tdwgavsd e head 150
during the degauss period. It is possible to prevent the overshoot current

from fl owipegita .t heusiine theadiethhglirdaid dde Wrgaisic S0 1periathidderefore,
a sharp peak provided by the overshoot current during current direction
reversal Wrlfl upQt ke EHrMeRy the 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



to the degauss current waveform prevailing during the 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 fro he current sources 165 and 166 w ||
now be descri bed. The degauss wavefornygenerator 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, DWD 172, and DWD 173. This operation will be descri bed

|l ater. Thgerdbgit arhdat8otBACavahuep pédki proviped ey thedigidradhdaa- anal og
conversion and delivered to the current source 165 for the purpose of

setting therednteatriay theredtr 8itrect@vBhceel®Tsalln watlnemaowmis gitdes cur r ent
source 165 determ nes the value of the supply current in accordance wth

the digitab gataqéhAGs¥abuerehtdwaVorerapgeietiagaling dutiegreat er the
digital data (DAC value) 174, the larger the current supplied fromthe

current sgugg8s46perTBA. CubheBhHusHNGe tH2 SepRhis®S curiegAssary wite
current so that the wite head 150 may performa wite during the 51

normal wrhbeupglil9datfBEUGHELERL $AHECENntOGrieR HRaPLReHrdiad,y supplies an
overshoot current for the purpose of

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 value) 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
gource 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



reducing the time required for the wite current to rise after current
reversal during the normal wite period. [0083] The digital data (DAC

val ue) 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, ho er, the digital data (DAC val ue)
174 gradually decreases froma |evel evailing 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 Ii supplied from the current source 165 is
maxi m zedndumadgwirie en@erdlodar | tThe pemrect awthrgreadied | yordedhreasgsedur i ng

t he degauss period. [0084] During the degauss period, the current supplied
fromthe tmndentupplries hob cdeashoait fduowera tiee wld epurmsmke 1&0. During the
normal wite period only, the switch 164 turns on at the nonent the wite
current reedusengs@hiehati me hequireantf uppld ed fteorodheemurtenti seource 166
flows to the wite head 150. Therefore, the current flowto the current

sour ce 166 fireedcietrehe FRRIgHHAL efhirdug nthd v rrdagausisc Pesé0ibd Thus, setup
shoul d be perfornmed so that 52 the current source 166 supplies only a
constant quromrent throughout the degauss period. Further, the switch 164

The digital data (DAC value) 174 remains unchanged
during the normal write period. Therefore, the current
source 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.
[o084]

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



shoul d be used to exercise control to determ ne whether or not the current
supplied fromthe current source 166 flows to the wite head 150. Even when
such setup is performed, the switch 164 renmains off during the degauss
period. Therefore, the current supplied fromthe current source 166 does
not flowto the wite head 150 during %3,? degauss period. [00851 The

foll ow ng expl anation assunes that the ite 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 mA) flows to the wite
head. More specifically, a current of 60 mA is supplied when a change
occurs i n tihee cpodramitt ysodiaee dificorguppdfiesheorciy reermorfd tamthgcuoreme writ e head
150. The subsequent explanation assunes that the current flowing to the
wri t e head hohatiohgpuith e hebe glrgss qee rpeadi adecr dasgsham, stlepsswiofcldy hdd from 50 mA,
which is a wite current level. As shown in Fig. 4, the current 11 supplied
fromthe choudr besaiffetr thoexdtnd e tdentdegauss deere ool i aduat heyr decr eases
in steps of 5 M from50 mA (decreases to 45 mA, 40 mA, and so onto O
my) . Whenels tihike ctiMRnlk/ B ppl-idaD firehn rdlseSsudtent dgited Ued af (OKE val ue)
174 for setting a current value 53 for the current source 165 decreases,

t her eby reduainrg whee Had@ntsd hatEfdrowmerClu@ntsdtuslerts epsesophelife sanme

time
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



a pul se appears in the output of the single shot (S/S) 141. \Wen the pul ses
in the output of the single shot (S/S) 141 are sequentially named 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 peri od.

[ 0086] Whenever the +DWD 172 changes frgn1High to Low and from Low to High
current |1 decreases in steps of 5 mA. 231 n ot her words, current |1 decreases
in steps of 5 MA whenever a change occurs in the polarity of the current
flowing to the wite head 150. Therefore, the current flowng fromthe
current source 165 to the wite head 150 attenuates while reversing

(decr easegolr ame5Quithen® =4l 1664@dgtheasds, Mhaabsreaduding iy . | n
ot her words, the current flowing to the wite head converges to

appr oxi matcelyea€r ehiaft &aomisdancairtiddt tihe qelrea ofs tde tith gidmd thatea (DAC
val ue) 174. [0087] In the above instance, the switch 164 is off so that the

current 132 %‘&QB@ appthid tife the RifpuoWce hb G i rdpes JWie f(omst odhe wite
head 150. Therefore, the total current flowing to the wite head 150

at t enuat egnahi k& e5hullRUenS e dRERASRT FRMBOGMR thod5(ds) +HdL M, - 35
m\, and so on to mA) during the degauss peri od.
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 wvalue of the
digital data (DAC wvalue) 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



[ 00881 As described above, the present enbodi nent stops the current flow
fromthe current source 166 to the wite head 150 during the degauss
period. This nmakes it possible to prevent the overshoot current from
flowng to the wite head and the degauss current waveform from bei ng

di sordered. As a result, degaussing may be perfornmed pronptly and properly
by an HDD having a sinple configuratioﬁ4 Second Enbodi nent [00891 An HDD
according to a second enbodiment 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 enbodinent will not be

descri bed rkeeayseg t(dex i esamraas ddhain afo thes H2D accanal] ngasonahe first
enbodi ment. Further, the control process performed during the normal wite

period w ldndhelb e tdescridbedihacashd taddadde sapo@s in the first

enbodi nent. In the first enbodinent, the current flowing fromthe current
source 166doagtihe wite head 150 is controlled in accordance with an on/off
operation of the switch 164. In the present enbodi nent, however, the

current 12 suppli @@ [JyBAie L HESH, SHE GSrebht SermSod HRBRE OsESsi N
accordance with a register value that is stored in a register 143 for the
AE 13. the current flow from the current source 166 to the 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



[0090] In the present enbodi ment, 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 acggrding 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 (S/S) 141 determnes the timng with which the
di gi tal dabat{bACedalinepcsbodedcienwithe ar egiosisérerl 43 lwie fihatt Hes AE is to be
successively read. The switches 131 and 132 supply signals to the single
shot (S/ Srotéd as endiegabeeri N14Bi dor3thdowevan,. such signal supplies are
not shown in Fig. 5. [0091] In the present enbodi nent, the values of the
currents dquoppbijed fromthe current sources 165 and 166 are determ ned by
regi ster values stores in the register 143. Mre specifically, digital data
(DAC val ues) 174 andthé5preskinth etibeddiicaitned hshexutiche: rfaginsttére val ues are
read, are 56 subjected to digital-to-analog conversion in DACs 144 and
145. Anal egndakasterti (&d shr amidicgireat1t,0 etitalreg tetRN\erisidn 164, which

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 wvalue) 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



are then supplied to the current sources 165 and 166. As a result, the
current |i 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 flowing to the wite head 150 by the
current source 165. The output from DAG.145 is converted to the current
flowwng to the wite head 150 by 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
suppl i ed fubmechedc dior ehntg i tedutee ag6 dss atetvend imed by DA ste4 amdlues No.
20 (10) to No. 2A (0), which are stored in the register 143. The register
val ues ar @450 fanaNog tatadsdmved. froly UG ifter]l No-arl@] o@5cdmveNpion3, 30
for No. 14, 25 for No. 15, 20 for No. 16, 15 for No. 17, 10 for No. 18, 5
for No. 1&relthen Neapplitkd H® ftdre Nur2ht ssuhrdorlap.axd 166 No.A2A |t

goes without saying that the other register values are al so acceptable.
Hexadeci malesulnherchearcmirusett dsl tte beeghgipdri edhuindisen st Horctheentegi ster 143.
[0092] 57 During the normal wite period, register values No. 10 and No. 20
are read. Jegicst asvainde e dlirdMtatid o dhesumsl sd@rfvahuehe0, enters DAC

144. Regi ster val ue No.

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]



20, that is, the register value 10, enters DAC 145. This ensures that the
current source 165 supplies a current of 50 mMA wth the current source 166
supplying a current of 10 nmA during the normal wite period. For the sake
of brevity, the register values are rendered equal to the supply current
values (m). It goes without saying th the register values may differ
fromthe supply current values (m). ring the normal wite period,
therefore, a peak current of 60 mA (a wite current of 50 mA plus 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
ci rcunst ances. [0D98Ln@uthagnphwadeyaiass period, register valwes Ne.. 11 to
No. 1A and No. 21 to No. 2A are read. Mre specifically, register values
No. 11 tolQAandhdo.i 80 ame regidst eRegabber va3ueoN®,. éftethBACiE44, and
regi ster values No. 21 to 2A, that is, the register values 0, enter DAC
145. The tbgi stgistd8 wslset 50p sotehlst DAEgildter RalieseXovallie dlolA are
sequentially read in synchronismw th the clocks of DAD 172 and DWD 173.
Ther ef or e20t hehatr ient theppkigédterorafhe 1oyr eanersoldAck 1865 ddirieases from
50 M to 45 mA, 40 mA, 35 58 mA, and so on to 5 mA. The current decreases
to 0 mMA atnstihesenHdaef thbecdegenss spariced16F089%plies 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 values

(mA) . 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 values No. 11 to 1A, that is, the register values

45 to 0, enter DAC 144, and register values No. 21 to 23,

that is, the register values 0, enter DAC 145. The

register 143 is set up so that register values 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



In the above instance, the overshoot current attenuates within a period

shorter than an attenuation period during which the current supplied from
the current source 165 attenuates. For explanation purposes, it is
that the period during which the current supplied fromthe current source
165 attenuates is referred to as a fi§§t attenuation period, and that the
period during which the overshoot current supplied fromthe current
166 attenuates is referred to as a second attenuation period. Wen
second attenuation period is shorter than the first attenuation per
degaussing may be perfornmed pronptly and properly. Wen, for instance, the
shppeinddserem EReScupr enfheognesenssdesneargss tico 0 &Fprdxi mately 0

current

mA at the tenth pulse, the current supplied fromthe current source
shoul d attkauand ©6 bbhi degausenpergedce at the ninth or preceding pul se.

When,

val ues Nol[0Q34t0 No. 25 with the value O stored as

for

i nstance, the values 8, 6, 4, 2, and O are stored as regi

assuned

sour ce
t he
od,

166

ster

regi ster values No. 26

to 2A (not shown in the figure), <current |1 converges to approxinately zero
at the tenth pul 3e, thhenbasecunsenticé? tbrvevgeshbotapprmantately zero at

the fifth pul se. Consequently, the overshoot current 59 attenuates f
t han currentehtatehi ghthinsappereddf shpraercthaantnsattemnuatncot her wor ds
the attenuation speed for current 12 is higher than that for current

period during which the current supplied 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 values 8, 6, 4, 2, and 0 are stored as
register values No. 21 to No. 25 with the wvalue 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

aster

1. As



descri bed above, degaussing may al so be performed pronptly and properly
when current |1 and current 12 are attenuated for different periods of tine
to achi eve convergence to approxinmately O mA. Wthin the degauss period
according to the present invention, current 12 attenuates to approximtely
O mA earlier than current |1 does. As 29 result, degaussing nmay be perfornmed
pronmptly 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 synchronismwth the clocks of DWD 172 and DWD 173, the current
output fromthe current source 166 is O mA. During the degauss period,
t her ef or eatthpuabeer §hsdercthrancurseptmil, | whillshs lisnstarde,ed Heaura ent
flowwng to the wite head 150 gradually decreases from50 nmA while
rever si ngc@deeneasesrte .- 43nmath4d mards35timg, asnénuse iom tspedsl MY and
converges to O mA at the end of the degauss period. Consequently, it is
possi bl e torpeavedit ishéighenrshbon dcluateforf camdendwIig t ®&¢ he wite head
and the degauss current waveform from being di sordered. As described
above, theéepresbatl abbodi, Nnekyatzalines may HDRBGbe Iperfugnedsipydngptly
configuration to performdegaussing pronptly and properly. [0096] As
descri bedaabiopeopthe ypwesenicuereodi mentandichutdesit 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 the write head and

the degauss current waveform from being disordered. As

described above, the present embodiment enables an HDD



the register 143 and determ nes the anount of current in accordance with
regi ster values stored in the register 143. Consequently, the present
enbodi ment may provide a constant degauss current waveform and perform a
stabl e degaussing operation. A desired attenuation profile nay be sel ected
because the register values may be chagged by the HDC/ MPU 23. Thus, it is
possible to generate a preferred degau current waveformw th ease. In
general, however, the register values are often inplenented by hardware.
The degree of freedomin changing the register values is |limted so that
only several different attenuation profiles are selectable. Under these

ci rcunst anegesing & bimpliel tonfidgsiralte ono tac peafe rmatdeacausteigayiss cur r ent
attenuation by selecting an appropriate attenuation profile from several

di fferent pebegt1{0894] pbipke1the present invention has been described in
conjunction wth the first and second enbodi nents, the present invention is
not limteadobg)these preferred enbodiments. Although the preferred

enbodi ments have been described with reference to an HDD, the present

invention 61 nayakedapphiiedd apdviRar dhdl Peedidnte dddignentvidel Weag t hat
is used to wite data onto a magnetic recording nmedium and in need of

degaussi ngnel '%e%ﬁ%'ﬂe% hand s6ics ldedfeiriflnelsh @ heC WnicRit PPRIIEkEHT oA t he

current source 166 should be
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



approximately zero before the end of the degauss period. Although the
foregoing preferred enbodi nents assune that a degaussing process is
performed inside the AE 13, the present inventionis not limted to such a
degaussing process. For exanple, a circuit for generating the degauss
enabl e signal 171 and the switches 131_and 132, which control the
transistors 161 and 162, may be posit|8 outS|de the AE. Further, a DWD
generation circuit may be included, for |nstance, in the RRWchannel 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
out si de t heyABe Zhpldedatssachrarentiskadefivemhiayimgt al iwritted hemdh pul se
wavef orm Various other waveforns nay be used as the degauss current

wavef or m thhtsidegaassicngwirgtkeodaits oteal af orgaetard ook ddimigr enddiiatm

enpl oys a perpendi cul ar magnetic recording nethod. [Brief Description of the
Dr awi ngs] anf0088hekli f Hegb2ssking.. 1 Ins sachl ackhadidcagiiark tdaitvescheamatical |y
illustrates the configuration of an HDD according to one enbodi nent of the
present i auerthensupbilded?jfrbimgth? icthiraehtogkudicagras tdrajulsthsimati cal |y

illustrates the configuration of an HDD according to one
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]



enbodi nent of the present invention. [Fig. 3] Fig. 3 schematically
illustrates the configuration of an AE in an HDD according to one

enbodi mrent of the present invention. [Fig. 4 Fig. 4 is a timng diagram
that illustrates a degaussing process that is performed by an HDD accordi ng
to one enbodinent of the present invegjion. [Fig. 51 Fig. 5 illustrates the
configuration of 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 wFige perPod. bLPiy. d1ageam Fhgt Pcherevdidaddiy illustrates
the configuration of an AE in a conventional HDD. [Fig. 8 Fig. 8 is a
tinmng di ajtastrhbesi thescpaféguzatdegaessiangHpbPoeesordhiag ito wavef ormed by a
conventional HDD. [Description of the Synbol s]

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 schematically 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]



[ 0099]
Sl i der

1: HDD 10: Enclosure 11: Magnetic disk 12: Head el enent section

17. Carriage 20: Crcuit board 21: R Wchannel 22: Mtor driver

51: Host 111: +WD 112: -WD 113: Wite control signal 131: Switch 132:

Swi tch 140: Superinposition circuit
product) circuit 64 143: Register

si gnal

150: Wite head 160: Wite cur

Pd

141: Single shot 142: AND (Il ogi cal
144;

DAC 145: DAC 147: Superi nposed
nt generator

Fig. 7 schematically illustrates the configuration

of an AE in a conventional HDD.

[Fig. 8]

Fig. 8 is 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

16:
uni t



161: Transistor 162: Transistor 163: switch 164: Switch 165: Current
source 166: Current source 170: Degauss waveform generator 171: Degauss
enabl e signal 172: +DWD 173: -DWD 174: Digital data 200: AE 211: +Wb 212:
-WD 213: Wite control signal 220: Grcuit board 221: R/ Wchannel 222: HDC
231: Switch 65 232: Switch 240: Superjé{rposition circuit 241: Single shot
250: Wite head 260: Wite current genefator 261: 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



262: Transistor 263: Switch 264: Swtch 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 CLAIMS: 1. A hard disk
drive, which includes a magnetic recording nediumand a wite head for
witing data onto the magnetic recordigg medi um wherein the polarity of a
current flowing to the wite head is reversed in accordance with the data to
wite the data onto the magnetic recording nedium the hard disk drive
conprising: a first current source configured to supply a first current,
which flows to the wite head, in order to wite the data onto the nagnetic
recor di ng28edi switahsecond current source configured to supply a second
current, which flows to the wite head, when the polarity of the first
current changesuparsmpbehitthgncieautitconfi gured to reverse the polarities of
currents flowwng from the first current source and the second current
source to2the Bihgeeheddr in accordance wth the data;, and a control

circuit configured to control after the witing data is finished so that

t he secondsour wentebaeadaes approximately zero before the first current
converges to

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



approximately zero during a degauss period during which the wite head is
degaussed by flowing the first current to the wite head with the polarity
of the first current reversed while the first current is attenuated. 2. The
hard di sk drive according to claim11, wherein the control circuit stops the
second current during the degauss perigd. 3. The hard di sk drive according
to claim2, wherein the control circui i ncludes a switch positioned
between the wite head and the second current source; and wherein the
switch stops the second current. 4. The hard disk drive according to claim
3, the control circuit further conprising an AND circuit being input a
wite conﬂﬂa$ﬂg$gnal 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; wherein the control circuit controls the switch in
accordance with. an aubgdtdiskrdrives WeicANEgdes aunsgne6d redordiipenedandant] sk dri ve

according tg claim1, wherein the second current is st ed by reducing the
second cur rg?\f‘e%]lu{pb _ﬁ‘fm‘rnlgd{‘?fat ‘Pféo E}E’CIBF.%PeEﬁ rr?CQH{mgsB’G?h_(‘:'@’ t"@gp‘?‘é‘b H}eﬁﬂléﬁgi’ ely zero.
6. The hard aQuaknidwiRg a8 BN thehd isCePdrfBddin AMERHAICE wilkethe Aatart8lwiitk r cui t
stops the second current by controlling to reduce the second current out put

fromthe thedatmente thermagnedorecondingomedipmahe hardalisk drive gomprisifgie har d di sk
drive accordin 0 cl ai wher.ei n the ntrel . cj [ rses,the
g fir o %n{nsg'urr%enf:or\{,\t%ufeg tgts[uéﬁzaat flrﬁb (é\%%gnlf whchE}Yons & th%: o

polarity of th G cur € second curren

appr oxi matvity h&Rll i dHiér todvrie SR edandned the MaghdtRiteq@din@éheditii;ch is shorter than
a first attenuation period during which the first current _convergles to
appr oxi mat el y 2éeepndgurrepesoyrgeronfigedifq supplice sgeanh guirentcvhich flewsftar t her

COMI | ST NG A FRISS Sihen il poifif o hedrGULHERTRYRkYe For the second current

wherei n the second current attenuat
a switching circuit configured to reverse 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 configured to control 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 is attenuated.

2. The hard disk drive according to claim 1, wherein the control circuit

stops the second current during the degauss period.

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 stops the second current.

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 polarity 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.



to approximately zero within the second attenuation period in accordance
wWth a register value stored in the register, during the degauss period. 9.
The hard disk drive according to claim8, wherein the register value is
variable. 10. A recording nethod for a hard disk drive, which includes a
magnetic recording mediumand a witeghead for witing data onto the
magnetic recording nedium wherein the polarity of a current flowng to the
wite head is reversed in accordance with the data to wite the data onto

t he magnetic recording nmedium the method conprising: sending a first
current, which_is s ied froma first current source, to the wite head;
reversing the pol ar &Bgl‘@ﬁd d(‘ﬂ‘e‘?rf‘ier@f’oréﬁ‘tgrt%ﬁ[a}m i""i‘ﬁreﬂ e¢dinEeriSt e head,

in accor \Aﬁ:ﬂgﬁd ‘iﬁgtxjédﬁc}ﬁ?g R S6cof® cutEitdbuisut! fiin fthe Skedridr EiRint 3Pskca econd

current, supplied froma second current source, to the wite head,
when t he pppakimagelpterphe first current is reversed; perform ng degaussing
with the polarity of the first current reversed while attenuating the first
current, which flows fromthe first current source to the wite head, after

conpl etion of @ witrge %deodﬁslh%riwge&irﬂiﬁ? 6 il NowiEReth URE cameblr@Qugi ng the
second current to approximately zero before the first current converges to

appr oxi matstdpy theesesongd ewrant Y Foguelisg pe redvee thersepepdapiirest puigutEgautbei ng i s
per f or med. r i cording to claim 10, wherein the
second curs$%°g}gClﬁ%tgﬁ%g%%ﬁgﬂ%'ﬁgg@ hzgl%degauss period. 12. The recording
met hod according to claim 11, wherein a current flowng fromthe second
current source to the wi tg, head is stopped by turning off a swi.tch that
7. The hard disk drive according to claim 1, 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.

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.

9. The hard disk drive according to claim 8, wherein the register value is

variable.

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 reversed in
accordance with the data to write the data onto the magnetic recording medium, the
method comprising:

sending a first current, which is supplied from a 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;



is provided between the second current source and the wite head. 13. The
recordi ng nethod according to claim 12, further conprising: inputting to an
AND circuit 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 fromthe first current source; agd controlling the switch in
accordance with an output fromthe AND circuit. 14. The recordi ng net hod
according to claim 10, wherein the polarity of the second current is
reversed while attenuating the second current to approxi mately zero during

a second attenuation riod, which is shorter than a first attenuation
period duri ngS%‘?i“Eﬁh?%‘éﬂFP’Fgﬁt 3 rarsé?ﬂn%c%‘ﬁ\‘i'étr &’géC%t‘BS aﬁioﬁh? &Y"%ero. 15.

The recor djehtIEIBO % e hBMl, WiefiRipdlakfy oMAE iRt Purtdie isSeeQad; cur rent
attenuates to approximately zero wthin the second attenuation period in

accordance wi perfamieg)idsgassingiiwith gteopaarity nofatheefiist carerftoleversed whie a curr ent

val ue for the secon current . . 16. The cordi.ng nmethed according to
crai m 16, URBRERS st EGrES bpich doud o 1S R EBen S KB BEE Rt g et hod
accor di ng after cohnileNoh®f afwité beto tﬁ@lﬂ’@%ﬂeﬁb R@ordsiORpding; bkt second current by
reduci ng the second current output fromthe second current_source, to

appr oxi nmat el y #éshuging 1the sacensly gurang ko cappraximatply crere rhefere dbe Hirsiageant c

recordi ng i < W | for il . iC
" ecordi ng BRI E Apprbrtionh SRSt Hacblist bR G, WISPRANER L, 1
head i s réypsrfesled.n accordance with the data to wite the data onto the

magneti c recordi ng nmedium 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 reqOtLbRGhdBEBIhccording to claim 10, wherein the second current
is stopped during the degauss period.

12.  The recording method according to claim 11, 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.

13.  The recording method according to claim 12, further comprising:

inputting to an AND circuit 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; and

controlling the switch in accordance with an output from the AND circuit.

14.  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.

15.  The recording method according to claim 14, 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.



a second current source for supplying a second current, which flows to the
wite head, when the polarity of the first current changes; sw tching neans
for reversing the polarities of currents flowing fromthe first current
source and the second current source to the wite head, in accordance with
the data; and control means for contr@dling after the witing data is
finished so that the second current becones approximately zero before the
first current converges to approxinmately zero during a degauss period
during which the wite head is degaussed by flowing the first current to

the wite headigi t hThégecprliy inktho®hcdobding td dhint U, vetitkeih weregRtbr Whlut € t he
first current is attenuated. 19. The hard disk drive according to claim18,

wher ei n t hevakiBhler ol neans stops the second current during the degauss
period. 20. The hard disk drive according to claim 18, wherein the control
means reverses the polarity of the second current while attenuating the
second current 170 dphprexirdimige ngthodr acodtdingngo aclsiac oty faurthemamprsinger i od,
which is shorter than first, attenuation griod during. whi ch the first

current c (§ngln§ége $¢£08 Fﬁugg?tn@f éqdymfgrt ¢ second current outputgfrom the second

current source, to approximately zero.

18. 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, 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;

switching means 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

control means 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 is attenuated.

19.  The hard disk drive according to claim 18, wherein the control means

stops the second current during the degauss period.

20.  The hard disk drive according to claim 18, wherein the control means
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.





