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*159159* 1 TI TLE OF THE | NVENTI ON METHOD AND
APPARATUS FOR DEGAUSSI NG WRI TE HEAD IN A DI SK DRI VE
BACKGROUND OF THE | NVENTION 5 The present inventio

relates to .a perpendicular nmagnetic recordlng tyammmmwmmm
of disk drive, particularly to a head de

t echnol ogy for degaussing a MWIte head Gbnerally in

*159159*

a perpendicul ar magnetic recardijng - type

drive, an erase after wite (EAW phenonenon causﬁmuwmmmmmwmmn
resi dual magnetization in a wite head is genera

when write operation {pefpepgi eHkarnyvERGREN C *G00001*

recording) is ended. The EAW phenonenon is one in

whi cMETEHGD rANDrARPLRET @S dFSK DECAUSEING Wherei nehbefn
referred to as disk) is erased. \Wen the EAW

phendrdlidg@K iBR}8her ated, after recording is perforned

to a data sector on the disk by the wite head, al

or sone of pieces GBACKAROUNSL GYRISHHE i INVENT 1@t data
sectors subsequent to the data sector 20 is erased.

I f the nexihRIREEIVRE oknvertipnatedssesbfoce garpendicular

sect or, a read err occurs when the data recorded in
t he ‘bcglril% YRR Bf difkadriveadparticpéarly to

next def’lte%dseqcetgoarus'ss’lng s gé? for degau351ng a write
head.

Generally, in a perpendicular magnetic recording
type of disk drive,_an erase after write (EAW)
phenomenon caused by residual magnetization in a write
head is generated when write operation (perpendicular
magnetic recording) is ended. The EAW phenomenon
is one in which data recorded on a disk medium
(hereinafter referred to as disk) is erased.

When the EAW phenomenon is generated, after
recording is performed to a data sector on the disk by
the write head, all or some of pieces of data recorded
in the next data sectors subsequent to the data sector
is erased. .If the next data sector is an access
objebt data sector, a read.error occufs when the data
recorded in the next data sector is read by a read
head. If the next data sector is a servo sector,
since the servo data is erased, a positioning error
occurs when positioning control of the head is
performed on a cylinder (track) including the servo

sector.
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since the servo data is erased, a positioning error 25
occurs when positioning control of the head is
performed on a cylinder (track) including the servo
sector. 2 The EAW phenonenon includes a case where al
the pieces of magnetization on the disk are
orientated toward one direction and the recorded data
is conpletely erased (for the sake of convenience, 5
referred to as phenonenon A) and a case where part of
t he pi eces of magnetization on the disk is orientated

t oward onerigé r@mlpneaaﬁleaoﬁe@ﬁe@uaéboa éHElel ﬁHeﬁe 511 the
decreased when the recorded data is read e rea

head ffered hef spkgnot i £90¥6Ni 6ACEhe 8L gk Sget 8r@énifted
phenonenon B). A head degaussi ng net hod of degaussi ng

resi duatardregretd za¢cobonf andwehe erbeadded ehtecisve

as a nethod of suppressing the EAW phenonmenon (for

exanf@Plately apemese PhoenthelosaR84@85¢pnvabiénce he

head de au33|ng nmet hod, usually a current: waveformis

used %stg rﬂfd&h‘?%ﬁﬂelﬁ@m A) wvindea @eae. wherehpart of
t he degaussing current  is gradual

Sgiﬁgﬂﬁsee?ﬁveﬁ:f%%@dwm&z%m ECONERC TR

Ie?f gg{gl S ngcfrwaé el ncg%f(g{‘/f%rﬁ%e%;f%é)ﬁg‘#%&f%ﬁeg’gﬂwtude is

he" R £21 OO0 00 LA ERRTER 0o s 1)L gpac

phen RPN ¥ rtﬁ?éjoé‘éjké‘%focéﬁ‘\?eﬁf&?@g,enpgf@rred to as
phenomenon B).

A head degaussing method of degaussing residual
magnetization of a write head is effective as a method
of suppressing the EAW phenomenon (for example, see
Japanese Patent No. 2842351).

In the head degaussing method, usually a current
waveform is used as degaussing current for a write
héad. In the curreht waveform, the degaussing current
is gradually decreased in a logarithmic-function form.
However, it is confirmed that the sufficient
suppre551on effect 1is not obtained by the method for
the EAW phenomenon correspondlng to the phenomenon B
while the method is effective to the suppression of
the EAW phenoﬁenon corresponding to the phenomenon A.
The current waveform having the narrowing-down-shaped
envelope, in which the degaussing current is gradually
decreased and rapidly decreased from a certain

threshold, is effective to the EAW phenomenon
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The current waveform havi ng the narrow ng- down- shaped

25 envel ope, in which the degaussing current is
gradual ly decreased and rapidly decreased froma
certain threshold, is effective to the EAW phenonenon

3 corresponding to the phenonenon B. . In the

| ogarithm c-function-shaped degaussing current

wavef orm even if the EAW phenorgenen corre- sponds to

t he phenonenon A, sonetines the sufficient 5
suppression effect cannot be obtained due to

char astrerdsdrabigf tdecivg i pleeh@méhdwrause in the

per pendi cul ar magnetic recordi ng type of disk drive.

BRI EF SUMARY G- Tiddra t Nuishile CRuhot hogoskhapee deylussing
aspect of the present 10 invention, there is provided

a di srdeinte wivedrims eferciif tiks BEAV phepoussnog eorre-
magnetic head effective to suppression of an EAW
phen&RORGHE thhhe fhenenanep i | seret tmew | the heafificient

whi ch erforns perpendi cul ar magnetic, recording
aclcorsdli d:etscflofSp?/éqpetcet FREQ e IR e afeli sk

o R A S AT AL e,
it \ £ operatl on, .an .

Lo, Bogtidie DA 2 4 VeIl PR 0. 200 v

during 20 degaussifgPPEGMIARY OF SgRansoLRgroRs! dual

magnetization in the wite head; a current contro
uni t whi chyrvald 8% dars®d Sw Bt W B pd@t USF Ofh& present

degaussi ng current waveform of the degaussing current
invention, there is provided a disk drive which has
facilities for degaussing a magnetic head effective to
suppression of an EAW phenomenon.

The disk drive comprises: a write head which
performs perpendicular magnetic recording according to
write data to be recorded on a disk medium during |
write operation; a write driver which outputs
recording current according to the write data to the
write head during the write operation, and which
outputs degaussing current to the write head during
degaussing operation of_degaussing'residual
magnetization in tﬁé write head; a current control
unit which variably sets a current value or a
degaussing current waveform of the degaussing current
outputted from the write driver during the degaussing
operation; and a degaussing controller which controls
the degaussing current outputted from the write driver

by outputting the write data to the write driver
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outputted fromthe wite driver during the degaussing
25 operation; and a degaussing controller which
controls the degaussing current outputted fromthe
wite driver by outputting the wite data to the
wite driver 4 during the wite operation and by -
outputting degaussing data during the degaussing
operation. BRI EF DESCRI PTI ON-OF 4/SEVERAL VI EW5 OF THE
DRAW NG © The acconpanyi ng draw ngs, which are
incorporated 5 in and constitute a part of the

specidueiig Ahe wiiusStom LaeiROUMBYRS Qhtpbering

i nvention, and together wth the general description

gi verdedmyes gl ddiea dief g ethéledega ps s Dig Ocﬁ%éf'@tion.

enbodi nents gi ven bel ow, serve to explain the

princi pB&J E¢T DEISERIPTION @F SEYERAG VIEWS ®EbITHEK DRAWING

di agram showing a main part of a disk drive according

to an enbothereaEconPamelng ndeawinns, FVGick asealhtorkorated
di agram showi ng a nain part of a head anplifier

accor'dt ' MR ErtRii R £t 195F Ao, sprct bl ort b,

L0 DAL ] el 8 Ot 2Lon Ol Lhe MR e
Sl ol YU SRRSO, o £REL L 00, SEOL T
0oL 8 LS T 80 BT el USSR Syl e,
examierf R SIHEhNd principles of the invention.

FIG. 1 is a block diagram showing a main part of
a disk drive according to an embodiment of the
invention;

FIG. 2 is a block diagram showing a main part of
a head amplifier according to the embodiment;

FIGS. 3A to 3F are timing charts for explaining
operation of the head amplifier according to the
embodiment; |

FIG. 4 is a view for explaining degaussing
‘operation according to the embodiment;

FIG. 5 shows a specific example of data stored in
a regiéter of a current control unit according to the
embodiment;

FIG. 6 shows a specific example of data stored in
a register of a degaussing control unit according to
the embodiment;

FIGS. 7A to 7F are views for explaining an

example of a degaussing current waveform according to
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a register of a degaussing control unit according to
25 the enbodinent; FIGS. 7A to 7F are views for
expl ai ning an exanple of a degaussi ng current
wavef orm according to 5 the enbodi nent; and FIGS. 8A
to 8E are views for explaining a nethod of inspecting
an EAW phenonenon according to the enbodinent. 5

DETAI LED DESCRI PTI ON OF THE LNVENTLON Referring now
to the acconpanyi ng draw ngs, an enbodi nent of the
invention will be described. FIG 1 is a block diagram

showirpg %ME%dldEHE-Qﬁmia per pendi cul ar nmagnetic
recordi ng type of disk drive 10 according to an

embodi mentrds t hen idy &gl i ke Hidws 2rds 81D RCKg a method
di agram showi ng a main part of ahead anplifier ~

accofodi ng sipedtim e rdro A dhendrenidn gdcdtDihdftH ke
Drive) The disk drive according to the enbodi nent 15

i ncl edoddmgingk. 1 in which data is recorded by perpen-

di cul ar magneti c recordin%, a magnetic head 2, a head
anplifier 3, REFAZEERr PESCRRPRIONhQANEHEL INYEMTIION
controller_ (HDC), 5, and a buffer nenory (SDRAM 6. The
magnet i ¢ MEAEZEIHEIMRILSE A Ve (REFIBRANRIRG dpgwiags, an

Pe | BB PG AL e 6 oA 0 e
Lo he, gk b {5 OIS 6, 00 SR ERPTL IR B2ve o
a perpendicular magnetic recording type of disk drive
according to an embodiment of the inventioﬁ. FIG. 2
is the block diagram showing a main part of a. head
amplifier according to the embodiment.
(Configuration of Disk Drive)

The disk drive according to the embodiment
includes a disk 1 in which data is recorded by perpen-
dicular magnetic recording, a magnetic head 2, a head
amplifier 3, a read/write (R/W) channel 4, a disk
controller (HDC) 5, and a buffer memory (SDRAM) 6.

The magnetic head 2 includes a write head which
can_perform the perpendicular magnetic recording to-
the disk 1, and a read head which reads the recorded
data from the disk 1. The magnetic head 2 is
configured to be held by an actuator (not shown) and
moved in a radial direction on the disk 1.

The R/W channel 4 is é circuit which performs
various kinds of signal processing necessary for the

data recording and data reproduction. The R/W channel
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nmoved in a radial direction on the disk 1. 25 The R W

channel 4 is a circuit which perfornms various kinds

of signal processing necessary for the data recording
and data reproduction. The RFWchannel 6 4 perforns

I nput/output of a signal in/fromthe head anplifier 3
according to the enbodinent. The HDC 5 is an
interface between the disk drive ard a host system
(for exanple, personal conputer and digital 5

equi pnent), and the HDC 5 i nputs and outputs read/

Witd gatrdodinsydhipdty RUPBRNGE FHigheEi®/fEde the head

buffer nenory 6 is forned by, for exanple, synchronous
DRAMaf® 1DRAM)r. 3The daufdiery mentthe Griksodiomdnto] | ethdyHDC 5

t he HDC 5,.and the read data or the wite data is 10
t enpdsa|in yndtenfats betivedyuftther disiordr bre Tard R Wost

channel 4 and the HDC 5 are integrated in a one-chip

i nt e§¥ECER difcguiexampdie, Perfftalheamputer  andopdhy beal
oot SRR B A Bl Sl 158/
mgn S G ERY D O ARG AR e ATy The
ol PRGE o Bt ¥ S5 e Bl L0100 Shifronous

enbo@iraRNt(SpRAM! at @thd & At MiidnRyAPRd 114 eéomt.f‘@l%%%by

description of the read anplifier is omtted. As s
in FlkGe 2Dd %5 \id e @MHddd latddrdase Wrikét&ata is

driver 30, a current control unit 31 which is

temporarily stored in the buffer memory 6.

The R/W channel 4 and the HDC 5 are integrated in
a one-chip iﬁtegrated circuit (LSI) 7, and the LSI 7
is mounted on a drive circuit board. On the other
hand, the head amplifier 3 is mounted on a flexible
printed circuit board (FPC) arranged in the vicinity
of the magnetic head 2.
(Configuration of Head Amplifier)

The head amplifier 3 can roughly be divided into
a write amplifier and a read amplifier. Because the
embodiment is related to the write amplifier, the
description of the read amplifier is omitted.

As shown in FIG. 2, the write amplifier includes
a writé driver 30, a current control unit 31 which is
of a write current source,'a serial interface (I/F)
32, a degaussing controller 33, and a data swifching

device 34,

The write driver 30 converts a recording signal
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device 34. The wite driver 30 converts a recording
signal 7 of wite data WD or degaussing data DD into
recording current to output the recording signal to
the wite head. In the enbodi nent, for the sake of
conveni ence, in the degaussingjoperation, the
recording current 5 according to the degaussi ng data
DD is referred to as degaussing current. The current

cont bgl witiite 3htRr Gy @Qsd%@%qégiﬁyTﬂéﬂh(DﬂerEocﬁeéJﬁﬁing
degaussing current of the wite driver 30 according

t 0o t bersente topeuaipuan the keadidihg kelgndl edlaite WRite
is recorded or the degaussing operation. The current

cont hekduni ffn3thienembdesmnentr,edict erhe3lda kehiath saivenience,
data for controlling the recording current or the
degadiBsith§ cegrassifgeoprir@ti®n, IheTmeamdialg IdurBdht
recei ves an enable signal (SENB), a click signa

( SCLRFCO%AANGe tralt gt ICESALAY datia PDarks thefiprrad dp as
fromthe R/Wchannel 4. the serial I/F 32 sets the

seri SP9RHCSIPEDRYAF STt he register 310 of the

current cemntr it 31 and.a 20 .register 330 "af the
degaussi ngﬂgo%lturrglglnetr c?‘on% e %%siﬁfgo%]o%ﬁ oq'l‘eer 33

eoeLUER Rl LEraRLe MEGEINEA (AT ene
is perieemadiver 30 according to the write operation in
which the write data WD is recorded or the degaussing
operation. The current control unit 31 includes a
register 310 which sets data for controlling the
recording current or the degaussing current (see
FIG. 5).

The serial I/F 32 receives an enable signal
(SENB), a click signal (SCLK), and serial data (SDATA)
which are transferred from the R/W channel 4. The
serial I/F 32 sets the serial data (SDATA) in the
register 310 of the current.control unit 31 and a
register 330 of the degaussing controller 33.

The degaussing controller 33 receives a write
gate WG transferred from the R/W channel 4 and
controls the degauésing operation which is performed
after the write cperation as mentioned later. The
degaussing controller 33 has the register 330 and_

holds data necessary for the control of the degaussing

operation (see FIG. 6). Further, the degaussing
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after the wite operation as nentioned |later. The 25
degaussi ng controller 33 has the register 330 and

hol ds data necessary for the control of the degaussing
operation (see FIG 6). Further, the degaussing 8
controller 33 controls the data switching device 34 to
swtch the wite data WD to the degaussing data DD
during.the degaussi ng operationg the wite data WD
being transferred to the wite driver 30 during the 5
wite operation. (Operation of Wite Anplifier)

Ref eebhR@oll2el! 68 Mt 13 tHed JHuS swih diind dedi® 34 to

operation of the wite anplifier included in the head
anpl lieenh3tak Whe tenbiediawy o8 [dhdalgpamdibef dath DD
below. In the register 310 of the current control unit
31, dsrihgwthien delg@u ss,ing raps ratecor,dithe curirtentd31:0AyD
nor mal overshoot 310B, degaussing recordi ng current

val ubefdegiresisig raed det e )it o ivyatfs siuring the
overshoot 310D, and data 310E concerni ng a degaussi ng
recoPdith§ ORPréHlARaveform are set as the serial data
(SDATA) fromthe serial 1/F 32, t he other hand, in
the r8§rEatiosz@ioMrifte g controller 33, as

shown |1 SiecdsrdEion R0 Yo ¥ S0 BRE. 1 <o 7z,

{1 eUERo e AL BB (B0 SR T GRHRII . e

seri gkadabAp(SPARY F rAMdHe S&SdMmdrdtt W21 be described
below. '

In the register 310 of the current control unit
31, as shown in FIG. 5, normal recording current 3103,
normal_overshoot_3lOB, degaussing recording current
value (degaussing current value) 310C, degaﬁssing
overshoot 310D, and data 310E concerning a degaussing
recording current waveform are set as the serial data
(SDATA) from the serial I/F 32.

On the other hand, in the register 330 of the
degaussing controller 33, as shown in FIG. 6, data
330A for indiCating'a frequency of the degaussing data .
DD,(degaussing frequency) and.data 330B for indicéting
degaussing time of the degaussing operation are set as
the serial data (SDATA) from the serial I/F 32.

Then, the operation of the write amplifier, par-
ticularly the operations of the degaussing controller

33 and the write driver 30 will be described referring

to timing charts shown in FIGS. 3A to 3F.
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Then, the operation of the wite anplifier, par- 25
ticularly the operations of the degaussing controller
33 and the wite driver 30 will be described referring
to timng charts shown in FIGS. 3Ato 3F. 9 In the

di sk drive, as shown in FIG 3A the recording (wite
operation) of the wite data WD (data nodul ated by
the RRWchannel 4) is started ig a- specified data
sector (for exanple, a data sector on 5 the left side
shown in FIG 4) on the disk 1 at timng at which a

logic | evan ehel g W idra v@gt @ WeHowrChanged .f raum Lo
to Hgh (tinme Tl). As shown in FIG 3B, the degaussing

cont rektberidy (gelieeabpe ram iiontepifalk her wrd tgaidatlantds. (data
The internal 10 wite gate |IntW5 becones the High

| eveiodnlsygechby miheaRi/#n chianmetlhd )wiist & tgatteWEn and

is changed to the Low |evel when the degaussing

oper BPE6ALLEdmEatd) sestogndder Erempde, as deftewssaror on
FI G  3F; .the degaussing .15 controller 33 generates a6
swi t ERBngeSitgRaresihovhe InsfilCehidag O& §h& Addk & gt timing
the Low |evel en.both the wite gate W5 and the

e ePRalhiER 8 g28aS Heve Laps he i tE SRRt 1S panged

t he §¥%Rcﬁbugt%i%Q%b_§%ﬁ9%p s the H gh level when
e it

only nternal "\ e gate’I'ntWs 20 is in the High
LY Eeh PSRN0 S T By Decnpier 33
and yBReCHEE@NENCARkePnainiiri3t JMReN GG W el NGiternal
signal SWis in the Low | evel
write gate IntWG becomes the High level in synchro-
nization with the write gate WG, and is changed to the
Low level when the degaussing operation (time Td) is
ended. |
Further, as shown in FIG. 3F, the degaussing
controller 33 generates a switching signal SW. The
switching signal SW is in the Low level when both the
write gate WG and the internal write gate IntWG are in
the High level, and the switching signal SW becomes
the High level when only the internal write gate IntWG
is in the High level. The degaussing controller 33
outputs the switchihg Signal SW to the data sWitching.'
device 34 and the current control unit 31.
When the switching signal SW is in the Low level,
the data switching device 34 selects the write data WD
to output the write data WD to the write driver 30.

The current control unit 31 drives and controls the

write driver 30 at the normal recording current value
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the data switching device 34 selects the wite data WD
25 to output the wite data WD to the wite driver 30.
The current control unit 31 drives and controls the
wite driver 30 at the normal recording current val ue
10 310A and the normal overshoot 310B which are set
in the register 310. As shown in FIG 3E, the wite
driver 30 outputs the recordi ngocur+ent (nornal
recording current value 5 310A) according to the
wite data Wb to the wite head included in the

magneg8iloahaad ZheNnarwalli dviekistiowvdl 3000B kG oM idlre GRlte in
WG (interval between T1 and T2) (Qutput). As shown in

FI G #het megisitee Bé&d perforns the 10 perpendicul ar
magnetic recording onto, for exanple, the data sector

on t he | ef Assist@wnn inhd' IfG.qubEe - drinet W itdi sieiver 30 outputs
according to the wite data WD. (Degaussing Qperation)

When £he were&ddage cuprestcHasgaalt secesdiog miymandl value
afterﬁiggémwite operation. i s ende as shown

ded, FI G
3F,  t RLORLQAREFRGNG0REr GheokTaE coliapat D fh@ the write head
0t er BAF PP Ho L8t RPABSFACoRaBred (i oh el jintagval of
showns 1 ELG:c30a Lheci9gaussiag santll & 33q 29,)
generates and odtputs. the degadssing. data I n

synchregkpathon with the internal wite gate |ntWa
It is also possible that the degaussing controller 33

i s configuned shewaener atre .and M Wr itthe HRGAYSS fihms the
perpendicular magnetic recording onto, for example,
the data seétor on the left side in the figure on the
disk 1 according to the write data WD.

(Degaussing Operation)

When the write gate ‘WG is changed to the Low
level after the write operation is ended, as shown in
FIG. 3F, the degaussing controller 33 outputs the
switching signal SW for indicating that only the
internal write gate IntWG is enabled (High level).
As shown in FIG. 3D, the degaussing controller 33
generates and outputs the degaussing data DD in
synchronizaﬁion with the internél'write'gate IntwWG.
It is also possible that the degaussing controllef 33
is configured to generéte and output the degaussing
data DD at timing (T2) of the degaussing
interval (Td).

The data switching device 34 selects the

degaussing data DD outputted from the degaussing .
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data DD at timng (T2) of the degaussing 25 interval
(Td). The data switching device 34 sel ects the
degaussi ng data DD outputted fromthe degaussing - 11
control l er 33 according to the switching signal SW

and outputs the degaussing data DD to the wite driver
30. At this point, the degaussing controller 33 .
out puts the degaussing data-DDjat a frequency accord 5
ing to the degaussing frequency data 330A set in the
regi ster 330. The current control unit 31 detects the

swi t ebhigollle@nBhe cwbirts ngPebatthen sha tidh ride SRR NBW,
operation by the switching signal SW and the current

cont eod dQtpoits 8heddieveassaitigc daitzolDd tthe tMd twrite driver
driver 30 based on the degaussing current 310C, the
degadfsi n§t othésshodnt316be aledatiss itgyarsingg. o r3sht
wavef orm data 310E which are set in the regi ster 310.

As sRBRRULE Fhe dggaushdngr dagadPDvat 30 fnegnarnsy I&ccord-
the degaussi current according to the degaussing .

dat atPB £8 FH% fePeusRdRg dEraNG e dateePAIA Hatneldh the
the tine QTZ)Bﬁﬂen the wite gate W is changed to the

Low FEV&P 8Rd>CHe time (T3) when the degaussing tine

(Td) is e?‘ﬂggcuégle@g t%%gl\@:oiln JHiE ﬁs’détge:citgse?cﬂ%%zlsi‘g{gtching

controlle nternal” wri te

S asad st tBntsas U A Whcggion

whenbyheéhe switching signal SW, and the current control
unit 31 drives and controls the write driver 30 based
on the degaussing current 310C, the degaussing
overshoot 310D, and the degaussing current waveform
data 310E which are set in the régister 310.

As shown in FIG. 3E, the write driver 30 outputs
the degaussing current according to the degaussing
data DD to the write head during the interval between
the time (T2) when the write gate WG is changed to the
Low level and the time (T3) when the degaussing time
(Td) is ended. |

As shown in FIG. 3B, the degaussing controller 33
holds the internal write gate IntWG at High lével. -
based on the degaussing time data 330B only for the
degaussing time (Td) since the time (T2) when the
write gate WG is changed to the Low level.

Accordingly, as shown in FIG. 3E, the degaussing
controller 33 outputs the degaussing data DD from the

time (T2) when the degaussing operation is started,
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wite gate W is changed to the Low | evel. 25

Accordingly, as showmn in FIG 3E, the degaussing
controller 33 outputs the degaussing data DD fromthe
time (T2) when the degaussing operation is started, 12
and. stops the output of the degaussing data DD at the
time (T3) when the degaussing tinme (Td) 'i s ended. As
shown in FIG 4, using the degayssi-ng current

provided fromthe wite driver 30, the wite head 5
perfornms the perpendicular magnetic recording to a gap
regi gAdbstwpenthBecdapatSet he ARAUHIIGd Adthe DD at the
degaussing data DD. In this case, usually a time (Tg)
correspendray whehhehgapegegiseingas itmee (Quf)f iiG enided.
long tine relative to the degaussing tinme (Td). 10

Accor di ngRg, shbendégalidsi.ndg ,operdang dineniddyaumsmg t@irrent
head does not affect the data sector in which the

wr i teredidedpishputbieberiseodgdae rAs deddra bad tebdiend
after the wite operation is perforned to the data

sect B LPRBSWEPEePERBRNELER 18 MBgNETd o RSGALAIMY to a gap

ides th ' t to th i e head t
per{ EFALPRoBAEHEREa G, BRer SECSRESTARC e P e
: ' di byt he_d ' (]
(cor TURBRATRG A28 Phd oF ARy TASe SbpHrat iBhLis (T9

perf859§gsE8PE2ﬁgg§8 Eﬁgiggp?E%HQ%%.t & 3 da ﬁﬁﬁ%ently

sectors. | nbodinen e’current contro
31 ¢yl ehmet PR1HEIFESSbNYneUHRRluMBR] A iRLULRYL t ed

fromthé wite driver 30 based on the degaussi ng

Accordingly, the degaussing operation with the write
head does not affect the data sector in which the
write data WD should be recorded.

As described above, after the write operation is

" performed to the data sector, the write amplifier of

the embodiment provides the degaussing current to the
write head to perform the degaussing .operation. The
perpendicular magnetic recording by the degaussing
operation (corresponding to a kind of dummy write
opération) is performed to the gap region between the
data sectors.

in'the embodiment, the cufrent contfbl unit 31
controls the degaussing current waveform outputted
from the write driver 30 based on the degaussing
current waveform data 310E set in the register 310.

As shown in é specific example of FIGS. 7C to 7F,

the current control unit 31 sets the degaussing

current waveform. In the degaussing current waveform,
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current waveform data 310E set in the register 310. 25
As shown in a specific exanple of FIGS. 7C to 7F, the
current control unit 31 sets the degaussing current
waveform 1In the degaussing current waveform - 13

the recording current value is gradually decreased in

a narrow ng-down shape sel ected fromthe narrow ng-

down shapes of envel opes of 4 hejglegaussing current..
Nanel y, the narrow ng-down shapes include a5 :

| ogarithm c-function shape showmn in FIG 7C, a linear
shapehsheerolrdiibCGeutPent RAIARO!HIL BPWMEkdFfbased in
FIG 7E, and a step shape shown in G 7F. FIG 7B
showa aareowpuy-gbaine stlagdheeVddtedirima thd ddrid@ing-
case where the wite gate Ws is changed to 10 the Low

| evetlows shemesi pfFeGvelhpest ab ey fdggaudwing current.
degaussi ng operation (degaussing function is

di sablPBE} Y/ Féheerampior ingrel ey alsiary isuntuds lar 33

controls tgﬁ enabl ed state or the disabled state of

t he 4BPaBLEMRGCrENRCEdR L PhaRS Seuplid FH Gegus s ginear

.15 bl i l, f CPU [ trall ,

ot SRR PR BB A d SRR P in
nbodgdi [ h [ erati.on r

SooStTE e, LBkl S, SRR WA NI o

after thepwd t 9pORGAS Ul AR Wk 4k [ 65 7%11212té Adriver

7F, the degaussing current waveform can varlé%ly e

Lol POSHR SRR AU ST B PUAIE <o

31. Therebar geveheaBeatholegausFmm MNGidtOr MBHForm the
degaussing operation (degaussing function is
disabled). For example, the degaussing controller 33
controls the enabled state or the disabled state of
the degaussing function by, for example, a degaussing
enable signal DENB from a CPU (a main controller of
the drive (not shown)) of the disk drive.

In the embodiment, in the degaussing operation
for degaussing residual magnetization in the write
head after the write operation, as shown in FIGS. 7C
to 7F, the degaussing current waveform can variably be
set based on the degaussing cﬁfrent waveform data 310E
set in the register 310 of the current control unit
31. Therefore, the head degaussing function which
obtains the sufficient suppression effect against the
EAW phenomenon can be realized by setting the degauss-

ing current waveform based on the EAW phenomenon

characteristics or the write head characteristics.
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obtains the sufficient suppression effect against the
25 EAW phenonenon can be realized by setting the
degauss- ing current waveform based on the EAW
phenonenon characteristics or the wite head
characteristics. 14 (Method of Inspecting EAW
Phenonenon) FIGS. 8A to BE are views for explaining a
nmet hod of inspecting the EAW phgnofrenon using the
head anplifier 3 of the enbodinent. 5 FIG BE shows
the output of the wite anplifier (output of the

Wit gMeiiR] o30)In skt ihd IKAW Bihenddénor®ans that the

degaussing function is enabled, and "OFF" neans that

t he degausiiGg). famcio BE |a$réi|xsﬁészsadfor Fd £p 1 8 BoVS Method
data format on the disk 1. 10 FIGS. 8B to 8D show

out petf tinsipeys: iofg tthe \BAW eoheraimend® udimgutitie Hedd

WD, and the degaussi ng enabl e signal DENB,

respéé‘ml\}eﬁlyﬁrl qthe heasnhgbimenthe EAthenonenon i's

i nspected _using the head anplifier 3 of th
enbodi mentf, I%eﬁ% tHePW S, St g WHRIHo i o ¢ swrsltﬁfﬁ)r%%%lfler

e
e pRerE avﬁqq‘ﬁ f%ego SO i BT i e
di sablyggh $IEHR{d ﬁ ﬁéjdnoneno VELEAYEH € disabled.

oper at ed because t e erases the servo
dat a Firg.t e S LW fomertef&{ &hdPwWn, in FIG

BE, in the nethod of the enbodi nent, the degaussing
function IFKIGaBEto 8D show output timings of the write
gate WG, the write data WD, and the degaussing enable
signal DENB, respectively.
In the case where the EAW phenomenon is inspected
using the head amplifier 3 of the embodiment, when the
EAW phenomenon is suppressed while the degaussing
function is always enabled, the inspection of the EAW
phenomenon cannot efficiently be performed. On the
other hand, when the inspection is performed while the
degaussing function is always disabled, sometimes the
disk drive cannot be-operated because the EAW
phenomenon'ereses the'servo data in the servo sector.
Therefore, as shown in.FIG. 8E, in the method of
the embodiment, the degaussing function is enabled
only in the case where the recording (write operation)
is performed into the immediately preceding data
sector of the servo sector, and the degaussing

function is disabled in the case where the recording
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only in the case where the recording (wite operation)
25 is perfornmed into the i medi ately precedi ng data
sector of the servo sector, and the degaussing

function is disabled in the case where the recording

15 is perfornmed into other data sectors. Accordingly,
the servo data in the servo sector is not erased due

to the EAW phenonenon, and the imspection of the EAW
phenonenon can' efficiently be perfornmed. 5 As

descri bed above, according to the enbodi nent, the

set t i1RY pRfr AL GHISS | AAh LI A VM98 M CRdedRdingly,
changed accordi ng to the EAW phenonenon character-

i sti ehe tsearvehataand el SHesafvd edqraiperdinet adrased due

magneti c recording type of wite head, and the |ike,

10 sdto tdte tHAW herech adegenrs,siarny fulctirspedf bot v dloe EAW

the suppression of the EAW phenomenon can be

r eal PAeomeRi tdaon & £ Shidvieantalge oearme miatiniédat i ons

will readily occur to those skilled in the art. .

Ther ef or e, 2% I IFRARRY APOYE /1 tACEREHERT &R pllee semogibment,

limted to_,15 the specific details and representative

enbodiifei e bW HHF e h ST HRN AT High ycan be

vari ificatji.ons may ,be e W thout departin

fr om%?’%édégdgiaﬁctoro NG fie e t@?g"&e&%‘eq?ﬂ/e _"i‘%‘.:ger'

et ) e IR e g

equivaléhté.q%% _ ﬁg fﬁ%ﬁﬁg :EH%15%§ 'S % r%%%

CONPiaginddi A PddrRIRAG W e REF QY e ET Pl il af 3 e,
so that the head degaussing function effective to the
suppression of the EAW phenomenon can be realized.

Additional advantages and modifications will

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

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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magnetic recording according to wite data to be 5
recorded on a disk nediumduring wite operation; a
wite driver which outputs recording current
according to the wite data to the wite head during
the wite operation, and which outputs degaussing
current to the wite head during degaussi ng operation
10 of degaussing residual nmegnetgzation in the wite
head; a current control unit which variably sets a
current value or a degaussing current waveform of the
degaussi ng current out puitredsf comrMr® wei:te driver 15

during the degaussi ng operation; and a degaussing

control | erl whikhicdntdmolwe tdmmpegiatgsi ng current

outputted fromthe wite driver by outputting the

wite dat @ twrite hedd evhirdlv re dfioimgy petmpendidcelar

operation and by outputting degaussing data 20 during

t he HEGRGSIIhF eI rRcPrdify diskimite/edata to be

SOOI S s IS SRR W et

i oo AL TSR M AN LGN e

QeOTERATR S s P IS s

o 55, SO cp ) 8 P oot e

curr edirredttd the heliv@ite ¢¥Hd Quiitd degaussing operation
of degaussing residual magnetization in the write
head;

a current control unit which variably sets a
current value or a degaussing current waveform of the
degaussing current outputted from the write driver
during the degaussing opefation; and

a degaussing controller which controls the
degaussing current outputted from the write driver by
outputting the write data to the write driver during
the write operation and by outputting degaussing data
during the degaussing operation.

| 2. The disk drive according to claim 1, wherein
the degaussing controller controls to cause the
degaussing current to be outputted from the write
driver to the write head only for a time corresponding
to a specified degaussing time after the write

operation is ended.

3. The disk drive according to claim 1, wherein
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controls the current value of the degaussing current 5
outputted fromthe wite driver based on the data. 4.
The di sk drive according to claim1l1l, wherein the
current control wunit includes a register which holds
data for setting the degaussing current waveform and
the current control unit controls the 10 current

wavef orm of the degaussing currgpt autputted fromthe
wite driver based on the data. 5. The di sk drive
according to claim1, wherein the current contro

uni t thel edesearr eshetel WhiehinBoldesdat @eh95ceet WhAgh
t he degaussing current~ 15 waveform and thé current

cont riebldni daset Soanseenyabopheshapeeat wheudegausdiend
current waveform- outputted fromthe wite driver
baseddepatdheinat aurBentheaddskhdr cueraatordnngollounit
claim1, wherein the current control unit includes a
regi stertuplehte purgsndavalfier ofethendeghgssing current
degaussi ng current waveform and the current contro

uni t LetRUERed ehyelopbenyEib®i A§iuernbargde onnthry dafie -
of a logarithpjc-functioon shape, a.linear shape, a .
par abol i c éhapg?eaﬁasg grdyesREperad neh&Cd6daddsilng Whsrein
curr tputted fromthe wite dri,ver based

on 1t re U Er ST BURRYGR “lipt b o ThedBrieng FReLFErR Ehich
wher gl h e Qg n r..i.ncludes

i P R e L R e e

the degeeBsing afat heaBdrtBRtdegavssingnienthbakk8is the
control s an out put _
current waveform of the degaussing current outputted
from the write driver based on the data.

5. The disk drive according to claim 1, wherein
the current control unit includes a register which
holds data for setting the degauésing current
waveform, and the current control unit sets an
envelope shape of the degaussing current waveform
outputted from the write driver based on the data.

6. The disk drive according to claim 1, wherein
the current control unit includes a register which
holds data for setting the degaussing current
waveform, and the Current contrbl unit sets an
envelope narrowing-down shape in any one of a
logarithmic-function shape, a linear shape, a
pafabolic shape, and a step shape as the degaussing
current waveform outputted from the write driver based

on the data.

7. The disk drive according to claim 1, wherein
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time of the degaussing current outputted fromthe 5
wite driver based on the data. 8. A head anplifier
device for a disk drive having a wite head for

per pendi cul ar magnetic recording on a di sk nmedi um
conprising: a wite driver which outputs recording
current 10 according to wite data to the wite head
during wite operation of perfpgmng perpendi cul ar
magneti c recording onto the di sk nmedium and which
out puts degaussing current to the wite head during

dega%ﬁéi@@gdﬂ%ﬁfﬁ%ﬁ&bﬂgrdﬁﬂﬁ¥“¥ﬂéﬁh&é%”éh¥ﬂgister_which
magneti zation in the 15 wite head; and a degaussi ng

cont hellldey datiaC it corddrid o110 i USiE pith e fledddiS$d dlussing
current of a degaussing current waveformto be

out pulatted fareinthee degdus dirig eforttrdlier Wonterdlbesidan output

during the degaussing operation, the 20 degaussing

cur r éamenfeftdremdsgaus sdarg abisreret dutpnttdl Dusitthes

9. The ,head anplifier device according to claimS8,

wher ¥t tendrdefaudashy ontthst Idata nciudes a register

whi ch holds datq for indjcating, a degaussing 25 tinge

which i's O a 0ISRT PR FHRE ORI FRF dpkaki SRive

and ; USS. ont q%ler controls to cause the

degablsagrilg%g%u?&el# ?\oeaocg St rﬁﬁrtpe%l#ar%%rhénal@e%?.t e

driveeodiy Wd L figad ﬂhﬂ‘”@éﬁﬁiﬁ?& ssing tine

during the gaussi ng opera i or. . e ad

anplifier deuiGe agcofdl NthiSh outputs recording current
according to write data to the write head during write
operation of performing perpendicular magnetic
recording onto the disk medium, and which outputs
degaussing current to the write head during degaussing
operation of degaussing residual magnetization in the
:write head; and

a degaussing controller which controls to cause
the degaussing current of a degaussing current
waveform to be outputted from the write driver to the
write head during the degaussing operation, the
 degaussing current waveform being variably set from
the outside.
9. The head amplifier device according to

claim 8, wherein the degaussing controller includes a
register which holds data for indicating a degaussing
time which is of a duration of the degaussing

operation, and the degaussing controller controls to

cause the degaussing current to be .outputted from the
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claim 8, wherein the degaussing controller transfers
5the wite data to the wite driver based on a wite
gate which indicates timng of the wite operation,
performs switching to transfer degaussing data to the
wite driver at the tinme when the degaussi ng operation
is started after the wite operation is ended, and 10
controls to cause the degaussi ngocutrent to be
outputted fromthe wite driver to the wite head
based on the degaussing data. 11. The head anplifier

devi cerage €l v t9o €h&i it Bte FREANESNTPMPEE SERNE @egaussing
current control unit 15 including a register which

hol dst ted addwinyathablggsessimg eperatemt. val ue of the
degaussing current, wherein the current control unit
control s the. cufhenheadadmpl bfiehedeeyaesscagrdingehnd
outputted fromthe 20 wite driver based on the data
duri iitaHe Begaheseiy thpedegrwnsing canferablegr transfers
anmplifier device according to, claim@8, further

conpriR My L@ 3Rt LR ot of T Hre tIri YRY R R a0n @ write
0 Ao W, TP SE gL op var POl 25 pet ing, L0,

CuTT S BB ELL L0 TS SOTLLEL ML P00 206 e
o Sy ot o LS00 400 bt o
is started after the write operation is ended, and

conﬁrols to cause the degaussing current to be
outputted from the write driver to the write head
based on the degaussing data.

11. The head amplifier device according to
claim 8, further comprising a current control unit
including a register which holds data for variably
setting a current value oflthe degaussing current,
wherein

the current control unit controls the current
value of the degaussing current outputted from the
write driver based on the data during the degaussing
operation. |

12. The head amplifier device according to
claim 8, further comprising a current control unit
including a register which holds daté for variably
setting the degaussing current waveform of the

degaussing current, wherein

the current control unit controls the degaussing
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claim8l1 further conprising a current control unit 5
i ncluding a register which holds data for variably
setting a recording current val ue, a degaussing
current value, and the degaussing current waveform
wherein the current control unit controls the
recording 10 current value outputted fromthe wite
driver during the wite operatpgn based on the data,
and controls the degaussing current value or the
degaussing current waveformoutputted fromthe wite

dri V%u%ﬂ@%é@@foﬂﬁ%ﬁﬁwegp?f%L?fgle m%gl’aéucrzlgﬂg}er based

head anplifier device according to

conprarsidie aLtl @i @NMERO! ddghlissing! YgbPatdon.

regi ster which holds data for variably setting the
degaussi ngLEur ren¢ haxef anplibose esvebepeccording to
narr owi ng- down shape has any one of -a logarithmc 20

f unctdlonis pef uat henearmshiping aa panabeht ccohapel andt
a step shape, wherein the current control unit sets

t he efvelwpiang rar remi sige townichapelds dayaofierovarhebly
| ogarithm c- function shape, the |inear shape, the

par ab i i Rhaper e OB &g t fier e “ahpes a8 gagaussing
degaussi ng current waveform outputted fromthe wite

dri ver Sy Bt e S DG FIRL S AL dlegABEERRgVave Eorm,
operqh{eo in

the current control unit controls the recording
current value outputted from the write driver during
the write opefation based on the data, and controls
the degaussing current value or the degaussing current
waveform outputted from the write driver during the
degaussing operation.

14. The head amplifier device according to
claim 8, further comprising a current control unit
including a register which holds data for variably
setting the degaussing current waveform whose envelope
narrowing-down shape has any one of a logarithmic-
function shape, a linear shape, a parabolic shape, and
a step shape, wheréin' | |

the current control unit sets the envelope
narrowing-down shape in any one of the logarithmic-
function shape, the linear shape, the parabolic shape,
and the step shape as the degaussing current waveform
outputted from the write driver based on the data

during the degaussing operation.



