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TI TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR

MAGNETI ZATI ON TEST OF WRITE HEAD IN A DI SK DRI VE "mmmummml
BACKGROUND OF THE | NVENTI ON The present invention

rel ates generally to a disk drive of the 159150+
per pendi cul ar magnetic recordi ng system and nor e
particularly to a technology for testin

gt
om0l o o Sl dr fve. bf “the. per pend el ar mESﬁet“T c A

recording systemis nade of a single pole type head sgoooo2e
because this type off hddd Q% Ty INMPENET QN

per |cular netic recordin After the wite head
PRARES e P KRl S M A O A BIOF WALTE

apphﬁgé?ﬁyﬁ oBER S5TR o cur rent appl i e to the
et ool oot BRERGRBULALBE Wikl SxDERTLR P!

magneti zed due to e renanen tiz The

remanent fHROMGI A o JEY: GAHSE 1 ¥ FQ R disk

phenonena after the wite operation. 6# exanﬁ%

feCd&dW@QOQa&&er@%@b@%@lkﬁl%rd%b%ﬁ%%ﬂé”régoﬂﬁyhéj§y%tem,

and more particularly to a technology for testing the

Nl

| magnetization of a write head.

In general, the write head of a disk drive of
the perpendicular magnetic recording system is made of
a single pole type head because this type of head is
suitable for perpendicular magnetic recording.

After the write head of the disk drive writes
data.signals in a disk medium by perpendicular
magnetic recording, the application of a recording
current applied to the write head is stopped, but
the write head is kept magnetized due to the remanent
magnetization.

The remanent magnetization may cause undesirable
phenomena after the write operation. For example, the
recording data recorded in a data sector of the disk
medium and the servo data recorded in a servo sector
of the disk may be undesirably erased due to the
remanent magnetization. This problem does not occur
in the case of disk drives of the longitudinal
magnetic recording system.

To solve the problem, the prior art proposes
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medi um and the servo data recorded in a servo sector
of the disk may be undesirably erased due to the
remanent nagneti zation. This probl em does not occur 25
in the case of disk drives of the |ongitudina

magnetic recording system To solve the problem the
prior art proposes a data wite circuit that

i ncor porates a degaussi ng §ig@al‘generator for _
renovi ng the remanent magnetiza- tion of the magnetic

head e n Pat .. KOKOKU Publicati on No.
5 szfséffg‘ réaALPltTrF@%feg“aU‘s%ﬁmgra;%s ¢ghalegaussing

ary serves to decrease the wite current at a
fi xec’]'%{n E S dfer? L EEYETE e Fetane) magietiza-

d ose Th ri

o s ST Gl MR R e SRR P + iRl (PKOKD
h I d [ gner at,or ee

chamOeh il 16, @ SNGRGE, 10, AR ST 0 3o

for si@)ﬁ&ﬂpb@)n-erﬁﬂ:o&a%&%e%?e:% fcfeQ:'Peta@% ack?%v%r ide iI&irrent
advantageous if a disk drive incorporates a

degaussi fg xsidgndine gemsitaner ok JcMNG theH efRNen] ]

magneti zation of 15 the wite head. It is further

advadt dgseusfitkert tbe dirdkedgate Has A dswrtit | amedfprior art

autonatlcally executing a test for detecting the

nmagReéErz eFopraes of dils& wriive pheaddevhericht ki xead/write

function is incorporated as part of the SNMART

( SeIC%‘aWB‘Fn Lt 6PFAgldAﬁa| Ps e gang SR@ﬁoﬁtllgrm@lZ(@eT?@mart@rog()see
unct one of self fa

g?aéﬁSSi StfuhEPFanK956F|§8béécétdp§kN@r|Vel3ﬁﬁ@4hmﬁ0r

example) .

As can be seen from the above, it is advantageous
if a disk drive incorporates a degaussing signal
generator for removing the remanent magnetization of
the write head. It is further advantageous if the
disk drive has a function of automatically executing
a test for detecting the magnetized state of the write
head. Where this function is incorporated as part of
the SMART (Self-Monitoring Analysis and Reporting
Technology System) function, i.e., one of self failure
diagnosing functions applied to a disk drive, the host
system can control the magnetized state of the write
head.

BRIEF SUMMARY OF THE INVENTION

In accordance with an aspect of the present

invention, there is provided a disk drive having

a test function for testing the magnetized state of
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system can control the nagnetized state of the wite
head. BRI EF SUMMARY OF THE | NVENTI ON 25 I n accordance
with an aspect of the present invention, there is
provi ded a disk drive having a test function for
testing the magnetized state of a wite head. The disk
drive conprises: a nmagnetic head including a wite
head configured to performa wdite operation for
executing perpendicul ar magnetic recording wth
respect to a disk medium and a read 5 head confi gured
to Peddldddeadsi gridle fdiorh tdwl vl slompreidiem aa repbtic
anplifier unit including a wite driver configured to
supPry da irederddingg asivgidie teacheondrigurdredd Hesrform
perpendL%uIar magneti c. recordi ng, and a degaussing

uni £ 1'6r "Fe §RETEHE REWSHES Wed® PaiPeRdiFulest magnetic

. . . t he
CO”E'%%E%Q to control a degaussi opergtion of

degaussing dnit hh&F SBTE Wi & SeSites G éstread
e Phtspeiauian, and o, om0 181 %, e

the wite base repro

obt akBedmbY af 8RANANEALE 1keCorded 1001t RA I sk yirdium
is by performng the test wite operation by neans of

thedriead beadiqBReEF tBESGRLRT! QN Qe oldE ngE\WERAL VI G he
OF THE DRAW NG The acconpanyi ng draw ngs,” whi'ch are

i ncerporahedd, i fioangeepraitiitulle ranpaitetaflc R ording, and
specification, 20 illustrate enbodi ments of the
i nvéntleealsandgt sgéthéor weghuslse ngenerealy rdesc Held;0mnd a
gi ven above and the
test unit configured to control a degaussing operation
of the degaussing unit when the write head executes
a test write operation, and to test a magnetized state
of the write head based on a reproduction result
obtained by reading data recorded on the disk medium
by performing the test write operation by means of the
read head.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.
FIG. 1 is a block diagram illustrating the main
part of a disk drive according to embodiments of the

present invention.

FIG. 2 is a block diagram showing a degaussing
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detail ed description of the enbodi nents given bel ow,

serve to explain the principles of the invention. FIG
1is a block diagramillustrating the main 25 part of

a disk drive according to enbodi nents of the present
invention. FIG 2 is a block diagram show ng a

degaussing control circuit according to the first

enbodi ment. FIGS. 3A to 3G-aré timing charts

illustrating the operation of a head amplifier of the
first enbodinment. FIGS. 4A to 4L are timng charts

i || gontaoilngitdea i ts agmgpetiingatticort Hee St rayre reatd cati ridye: .
first enmbodiment perforns. FIG 5 is a block diagram
showi ng & {fegaddsititg 3& e dlimiing wiha moe orldivef tak ite the
second enhodinment. FIGS. 6A to 6L are tim'ng charts

i || QBEFALIRG Che 21 ertyReviLiddicsn q%ﬁh%ﬁgr@tuk@ghq@ment.
second e [ t rforns. FI.G 7 .is a blaoc i agr am
showi ng almg%ggglgsitr?g%%&ﬁer &Il”lfir’rgclﬁhta%drldliuﬁgh}:rta?”t% the
t hi [ R = A t.g 8L.are.timng.charts
i||ﬁlg?§§??%§‘q§%{é‘ f?srl?aegﬁ’ee?ﬁzt&toi“olr?htee r&?ere Ot

thi pdregbpdi ment perfornms. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON  Enbodi nents of the present invention

wi |1 nowrlg.desari bed1Wdkh di@l@aen e A id'e degaussing
acconmpanyi ng drawi ngs. 20 (Structure of Di sk Igrl ve%
FI Gcodtkelachireck tdaagbaminkl st raki Rebhe @Rbddiment .

FIGS. 6A to 6L are timing charts illustrating the
magnetization test operation the second embodiment
performs.

FIG. 7 is a block diagram showing a degaussing
control circuit according to the third embodiment._

FIGS. BA to 8L are timing charts illustrating the
magnetization test operation the third embodiment
performs.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will now be
described with reference to the accompanying drawings.
(Structure of Disk Drive)

FIG. 1 is a block diagram illustrating the main
part of a disk drive according to embodiments of the
present invention.

As shown in FIG. 1, the disk drive applied to the
embodiments of the present invention comprises a drive

mechanism and a controlling/processing circuit. The

drive mechanism includes a disk medium 1, a magnetic
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part of a disk drive according to enbodi nents of the
present invention. As shown in FIG 1, the disk drive
applied to the 25 enbodinents of the present

i nvention conprises a drive nmechanismand a
controlling/processing circuit. The drive nechani sm

i ncludes a disk nedium 1, a magnetic head 2, a spindle
motor (SPM) 3 configured to-robate the disk nmedium1
and an actuator for which the nmagnetic head 2 is
provided. The disk medium 1l is a recording nmedi umt hat
5 s&ERSK iZes a KEinedE mavem s SEM)pér pemdiicuirad regnettiate
rec dinq. As will be described later, the disk
meditafn £15&s M8 Alage n@mserroR Atuadey FOw iwhitche the
out er.nos i nnermgst circunferential region, and the

.or
tra@ﬁgnfkdciﬁgﬁﬁdg tPa DS VAAESE recording regions) 10
desi gned r [ .he netization test de. The
magngti cﬁ?%aﬁ%qﬁ ﬁn%%dl&qg i% & FEFF R MSE Waddra tof
a singk l.e h configured to .
per?g?ﬁ?gg%Seﬁ %gSFE?q%gggggfc%?g%gf&eﬁggggi LA TPERFTLC

heagdetRatingRr oddces 1negr di [ s . from.the
15 d?sk néd?un11. The actugF%%r?%%?u gg%gk gpﬁl?h%%%

whi mhdtiha 1nhgeeti ¢akgadn2mbe rPoeVicdedxand gwhiseh the
i ncl udes a suspension. The actuator also includes a

voi eeternbbtnotroinh¥EMpst whirchmgerenatias @edfiow,N@nd the
force. 20 Under the servo control by the mcro
prok&3sks (CPUjntdudeheracksat(teshoresotrhd ngagegtions)
head 2 in the
designed for use in the magnetization test mode.
The magnetic head 2 includes a write head that is made
of a single pole type head (SPT head) configured to
perform perpendicular magnetic recording, and a read
head that reproduces recording data signals from the
disk medium 1.
The actuator includes an arm 4 for which the
magnetic head 2 is provided and which includes
a suspension. The actuator also includes a voice
coil motor (VCM) 5 which generates a driving force.
Under the servo control by the micro processor (CPU)
10, the actuator moves the magnetic head 2 in the
radial direction of the disk medium 1 and positions it
at a target track.
The controlling/processing circuit includes a
head amplifier unit 6, a motor driver 7, a read/write

channel 8, a disk controller (HDC) 9, CPU 10, and

a memory 11.
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- by use of a bi-directio

radi al direction of the disk nmedium 1 and positions_it
at a target track. The controlling/processing circuit
includes a 25 head anplifier unit 6, a notor driver
7, aread/wite channel 8, a disk controller (HDC) 9,
CPU 10, and a nenory 11. The notor driver 7 includes
an SPM driver 70 which supplies a driving current to
the SPM 3 under the control- of6 CPU 9. The not or _
driver 7 also includes a VCMdriver 71 which supplies
a driving 5 current to the VCM 5. The read/wite
channel &hs mefqraiyivet e signaldes ozessPModei veni 10
The read write channel 8 supplies a wite data signa
VDN IER eSS Sniiiiiers Guriant e arkhe RN vasurader
read, data.signal roduction signal) RS29 fromthe
heag{helﬁoé]r'fﬁ:ﬂ % (({Fﬁftga 6. Hife “l%(‘?]@d%@r‘(fe"s 7asa3a5:P
i ntecrf etwepn, the di drive an host system
(sugﬁcgg%ggpgrsonwd}%ﬁﬁﬁnn M IHhC %HQil%ﬁszﬂné%?ﬁ%E%h
The perf qn rread/rite transfer contr W |
r ef g?e@%ggtt %Ot %él@fg%{wggt s@{;et eme Werﬂi}%‘aéﬁﬁo]r oql s-S
t hegar Ik, iyt @ ORG AL 10 ] ite ne

al @@aiVivirti@ ORI %ﬁcec%%%r%ﬁﬂ'g{é%é}l' | ﬁ]hgenﬁ&a;
(whiveh ties caabu® 1l BFsuppQ e sHIRC & itHARRITL S 1Qn J1EGRIMES
wite data and read data 20 (WD RD25) having a .
pr etiet &hei heddf ampitl Adietrh dieferien@e and ddw inead/avid£
channel 8 in synchronismwith wite

data signal (reproduction signal) RS29 from the head

amplifier unit 6.
The HDC 9 serves as an interface between the

disk drive and a host system (such as a personal

computer or a digital apparatus). The HDC 9 performs

a read/write transfer control with reference to the
host system.

The HDC 9 controls the read/write operation of
the read/write channel 8 by use of a bi-directional
control signal line RC22 (which is a bus I/F). The

HDC 9 transmits or receives write data and read data

(WD/RD25) having a predetermined format with reference

to the read/write channel 8 in synchronism with write

gate WG23 and read gate RG24.

The HDC 9 controls the read/write operation of
the read/writg channel 8 by use of a bi-directional
control signal line RC22 (which is a bus I/F). The

HDC 9 transmits or receives write data and read data

(WD/RD25) having a predetermined format with reference
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gate W&23 and read gate R&4. The HDC 9 controls the
read/ wite operation of the read/wite channel 8 by
use of a bi-directional 25 control signal |ine RC22
(which is a bus I/F). The HDC 9 transmts or receives
wite data and read data (WD RD25) having a _
predeterm ned format with reference to the read/wite
channel 8 in synchronismw th Write gate W&3 and
read gate R&4. In addition, the HDC 9 controls the
read/ wite operation of the head anplifier unit 6 by
use ter te Fafd/Nuridet idhwaindor®t riol ssirgrtator i ste wAG20 write
(which is a serial I/F). The HDC 9 supplies wite gate
VWGAZE U WG+ aishd eahlgaftieeRGAfi+ 6. Wite gate WGA21

[ j i mul I ith it te W&3,
5 T TSRS U ANeOURly (A wiLS pate Ve
i h ite dat S [, VD
TR R AR B B of »
M I [ i t,e dat ' .
eagiuniie omel syl as ] 1S e Al

accar ¢ange IWrt/fr)w i 7@ 0 :?st%glpglgﬁ‘g i»{}@zt%at ast\ég?v\ﬁ;pilzlil £o

sent fromthe H 9. Wite

pr ed@iee hadie i it rakgh iits gsent to the head anplifier
unit 6 with a constant timng delay. The HDC 9

suppl i es Weerheo geatee WEE2A. tiG thensmgad/ed idencham@dudiy

and receives servo data SD27. 20 The servo data SD27

i s #@ighgmaltebigaitee@GB, denodiing ar eprtedudignerl sirgrad

RS29 and used for positioning the
timing is adjusted in accordance with the write data
signal WD28 transmitted from the read/write channel 8.
The read/write channel 8 supplies write data signal
WD28 (i.e., a coded signal of write data WD25) in
accordance with write gate WG28 and write data WD25
sent from the HDC 9. Write data signal WD28 has a
predetermined format and is sent to the head amplifier
unit 6 with a constant timing delay.

The HDC 9 supplies servo gate 8G26 to the
read/write channel 8, and receives servo data SD27.
The servo data SD27 is a signal obtained by decoding
reproduction signal RS29 and used for positioning the
head.

CPU 10 serves as the main control device of
the disk drive. CPU 10 is a main element of a servo
system that executes positioning control (servo

control) of the magnetic head 2. 1In accordance with

the servo data SD27 supplied from the HDC 9, CPU 10
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head. CPU 10 serves as the main control device of the
disk drive. CPU 10 is a main elenent of a servo 25
system that executes positioning control (servo
control) of the nmagnetic head 2. In accordance with
the servo data SD27 supplied fromthe HDC 9, CPU 10
controls the seek operation and the track tracing
operation. To be nore specific8 CPU 10 controls the
val ues of input signals (control voltage val ues)
supplied to the VCM driver 71 so as to control the 5
dr i FORG T6FL St Fdevamesk sipetee at watdrtheCRU akik contdiols
the HDC 9 in such a manner as to enabl e the nmagneti za-
ti ofPEESE1IPhde JP tife Mp1ies se cdrfiiodi Fdtit .1 OTheo terdirsy
ROM and a f|lash EEPROM and

étl oirtg‘? g’%ﬁ‘?‘legl %3?”&5&%% SIS dmnfﬁ%dfollt@q%madwa
i . | The h i fi ni t ‘
neroged SRy e e B EEE 0T apita i e oo
i | <G i . a.d i i_gna
CooBusSiRg SANLHY VRM S sh ARitEIRSS DR T ont ro1s

out putspypecor diyn re 34 d LN [ .
accgrdancg with %ﬁ?ﬁead§%§n§?g§§|%Qm%§§t§%a%%€ggﬁﬁﬁﬁﬁjza

si gnabnDB3s+ AaBdeSwEplhes ptrbatkntr @a@diingngurrent to
the wite head of the magnetic head 2. The read

anpl i fi efhe0mamplriyf ilas ik udead ad@ra, $i G 233 a flash
supplied fromthe read head of the magnetic 20 head 2,
and=EBRAY, t Aadampbirtsedositgral progtrhes peadher P 10 and

channel 8 as reproduction signal RS29.
various kinds of control data.

The head amplifier unit 6 includes a write driver
61, a read amplifier 60, a degaussing control circuit
62, a degaussing signal generator 63, and a switch 64.

The write driver 61 outputs recording current
WS34 determined in accordance with write data signal
WD28 and degaussing signal DS31, and supplies that
recording current to the write head of the magnetic
head 2. The read amplifier 60 amplifies the read data
signal 33 supplied from the read head of the magnetic
head 2, and sends the amplified signal to the
read/write channel 8 as reproduction signal RS29.

The degaussing signal generator 63 generates
a degaussing (or demagnetizing) signal DS31 having
a constant frequency and a signal amplitude which
attenuates linearly or as an exponential function.
The switch 64 operates in accordance with write gate

WGA21 supplied from the HDC 9 and sends either
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ordinary data recor

The degaussi ng signal generator 63 generates a
degaussi ng (or demagnetizing) signal DS31 having a
constant frequency and a signal anplitude which 25
attenuates linearly or as an exponential function.
The switch 64 operates in accordance with wite gate
WGA21 supplied fromthe HDC 9 and sends either
degaussi ng signal DS31 or writ@ data signal W28 to
the wite driver 61. The degaussing control circuit 62
outputs gate signal DG30 and gate signal WEB32. Gate
si gR§P2Pasa g5 silgnalp MSi3dd oo Wit ed gdes siiiagadi gRAs to
genﬁ ator ,63 to.contrqol the generation of degaussing
si g éF B&3te dé&WErsﬁgnal WGB32 is supplied to the
wite driyer 61 _to.control the qutput. of, the
recording%%upﬁgﬁpsgﬁgﬁafonﬁé§g‘fPﬁﬁﬁFﬁé QA 9ae
Thek apphinf i iLEcui_t, a no . the

PR aralr and drte! PasradatRg b tand gL D30

magnst sappileadt est +xad i i i
of the m??te head.t#ﬁe@ﬁgggsgﬁgpi%?g%%gig%%%?%%%?ieﬁpto

smﬁtohedomethee@ehbeatibwoo&Ddégab%sa%%o%QﬁW%i\M§§1.15
a node switching signal supplied fromthe HDC 9 by way

of €atebbidhrécwWizafal ieosupel iskdgRal thienerAC20dASer 61
shown in FIG 2, the degaussing control circuit 62

i nckadesnarpli phel optpBLFpf62he @rcomddngecurG2t ANBnal
gate circuits 623 and 624, and an OR gate 20 circuit
625WSAS frPm bbedeséErbbgatater with reference to

The head amplifier circuit 6 has two modes: the
ordinary data recording/reproducing mode; and the
magnetization test mode for testing the magnetization
of the write head. The head amplifier circuit 6 is

switched between these two modes in accordance with

a mode switching signal supplied from the HDC 9 by way

of the bi-directional control signal line AC20.

As shown in FIG. 2, the degaussing control

circuit 62 includes a flip-flop (F/F) 621; an inverter

622, AND gate circuits 623 and 624, and an OR gate
circuit 625.

As will be described later with reference to
FIGS. 4A to 4L, the degaussing control circuit 62
performs gate timing control and signal control so as
to enable a write sequence for the magnetization test
mode.

More specifically, when an instruction for

switching to the magnetization test mode is supplied
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FIGS. 4A to 4L, the degaussing control circuit 62
perforns gate timng control and signal control so as
to enable a wite sequence for the nmagnetization test
25 node. More specifically, when an instruction for
switching to the magneti zation test node is supplied
10 fromthe HDC 9 to the head anplifier unit 6 by way
of AC20, the flip-flop 62t istGnitialized by CLR
signal 45. As a result, the flip-flop 621 becones
ready for a wite sequence operation. Then, the head
anpffirPleiths HRCt 9% toxahegt dsaal wniptld fSequemde ddratiagn of
for tg na%nethation test node in accordance with
wri B& ‘éat &NeWEA1PT Td Q|62 ifr dmitthie LHREd by OLd rdgpnal
Read/iWite Operation) Referring. to the timng chart
sho 'inkélésFe§R1%10tﬁé 3&1Ps Tde%c f2pt Pesomes neady for
gi ven 0 the head_.anplifier unit 6 operates in
Phe Soi Btkar 5 SBbe s CPRT a4 38Rt | GRefods neAd SBrlo oL £ Ler
FI , ga a r; 10 _and dat

Gun3h 6 ek%@ﬁ%eg 3 vt %%éh%%%ea%g%rfglgprgﬁée&hpn

sectors 120. The servo Sector

themgbheuibaeeshi aksdi hegkl r FTeRed v
intgrgals. The datassectorsq%zgtcgfegégr%%gngggIﬂ %gﬁﬁgeﬁate

t heWwsRrr 20 sepborisdli@oandnusg@dcas.regions in which
user data are recorded. As shown in FIGS. 3C and 3E,

in {AeddndrpaRygaddWait200peeardiong/ repr oduci ng node,
degaussing signal DS31 is

Referring to the timing chart shown in FIGS. 3A
to 3G, a description will be given as to how the head
amplifier unit 6 operates in the ordinary read/write
operation mode.

As shown in FIG. 3A, a track has servo sectors
110 and data sectors 120. The servo sectors 110 are
arranged in the circumferential direction at predeter-
mined intervals. The data sectors 120 are arranged
between the servo sectors 110 and used as regions in
which user data are recorded.

As shown in FIGS. 3C and 3E, in the ordinary data
recording/reproducing mode, degaussing signal DS31 is
applied to the write driver 61 immediately after write
data WD28 is written.

To be more specific, the degaussing control
circuit 62 of the head amplifier unit 6 supplies
control gate signals DG30 to the degaussing signal
generator 63 in synchronism with the fall of write

gate WGAZ21 (WG23) supplied from the HDC 9. The
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applied to the wite driver 61 immedi ately after wite
data W28 is witten. To be nmore specific, the
degaussing control «circuit 62 of the head anplifier
unit 6 supplies 25 control gate signals D&30 to the
degaussi ng signal generator 63 in synchronismwth the
fall of wite gate WGA21 (WX23) supplied fromthe HDC
9. The - 11 <control gate sig s DG&0 are generated
at predeter- mned tine intervals and used for

SoTEL R (S LS e i
SRR 98 A e L G e
SITCREAUTY O s 93E SR B RS, b
Ao, i i ek gl BORS 0 P  A, o

si gaahtWEB33a0ut RYlgnEnaMidie %%@alé%%:p!lg_e%‘)'{tr{e‘?d to the

circuit 62, the wite driver 61 supplies recording

cur setitchi gral(s\¥E34 1060 G, i BC wees )i te data W28
and degaussing signal DS31, to the wite head (see 15

FI GS. 3CIn3Byn8Fk ramd s3Gwith( Magnet igzatd WGADESt the switch
Qperation) A description will now be given as to how
a mfnéelzatsodeneys séper atlivorli PSBr fior pddiden ofanvrite
enbgg%geg%zgf ggg g&%gi?& %%éegguggfed degaussing signal
r
DS31 to the write driver 61. 1In synchronism with
gate signal WGB32 output from the degaussing control
circuit 62, the write driver 61 supplies recording
current signal WS34, which includes write data WwD28
and degaussing signal DS31, to the write head (see
FIGS. 3C, 3E, 3F and 3G).
(Magnetization Test Operation)
A description will now be given as to how
a magnetization test operation is performed in
an embodiment of the present invention.
The magnetization test of the write head is
a test for detecting the magnetized state of the
write head, i.e., a test for detecting whether or not
the remanent magnetization in the write head exceeds
an allowable limit.
In principle, where the write head records data

when the degaussing signal generator 63 is operative

(i.e., the degaussing function is enabled), it is
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20 The magnetization test of the wite head is a test
for detecting the magneti zed state of the wite head,
i.e., atest for detecting whether or not the

remanent nagnetization in the wite head exceeds an
allowable limt. 25 In principle, where the wite head
records data when the degaussing signal generator 63

is operative (i.e., the degaubsing function is

enabled), it is 12 wunlikely that the subsequent data
will be erased undesirably. On the other hand, where

t he Witk eddaty ddwr cﬁslhfaicﬂl%ferdattt&g lee]g]allﬁﬁlengased
signal generator 63 is inogperative (i.e., the
degélur’éﬁ cti G ithss Afibsabihedd, jwhexe |Gheelwr ttathead
t he equent_ data w || e erased undesirably. A

nor é:%s%%zrg%f idrét(?eéqgﬁnpttih(ﬁw R \PéllﬂnalT.fﬁéeréﬁ%ﬂ(iC;]r 63
medi;um; f resent enbodijrent is rovided with a
reosihy el B TR e K]

ar eq) shHey on +t radi gl t e qr...lnnerpmost .
porti gr?%-tr %géo?.t Ei%kelqﬁweg}{ ?{:a}\%% i%r?%?ﬁsteubsoer%llenng:r yd.‘[’\‘qc‘El will

r ec pedietd sadeandels@radA)s:. -t he magnetization test
track has servo sectors 110 and data sectors 120, as

shown i n AFhGreAApeHid idatdr 2aGiafionl 20 1ar 6l & @Fdanged
bet ween the servo sectors 110 and store testing data

r ec@hgedibéf medhand.l ®ife tHBCpR esuppl et oal issritc higg

signal to the head anplifier unit 6 by way of contro

Sigﬁngﬁﬁﬁé KE2D, a magnetization test track (i.e., a test
recofding area) formed on the radially outermost or
innermost portion thereof. Like the track in the
ordinary recording area (FIG. 3A), the magnhetization
test track has servo sectors 110 and data sectors 120,
as shown in FIG. 4A. The data sectors 120 are
arranged between the servo sectors 110 and store
testing data recorded beforehand.

The HDC 9 supplies a switching signal to the head

amplifier unit 6 by way of control signal line AC20,
SO as to switch the operation mode from the ordinary
read/write operation mode to the magnetization test
operation mode. 1In addition, the HDC 9 issues write
gate WGAZ1l, to access L successive data sectors 120
between two servo sectors for a recording operation
in the magnetization test (see FIG. 4B), L being
determined by:

L=M+0N+1

where M is an integer satisfying M > 1, and N is
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SO as to switch the operation node fromthe ordinary
20 read/wite operation npbde to the magnetization test
operation node. In addition, the HDC 9 issues wite
gate WGA21, to access L successive data sectors 120
between two servo sectors for a recording operation
in the nmagnetization test (see FIG 4B), L being 25
determined by: L = M+ N +-1 vhkre Mis an integer
satisfying M>_ 1, and Nis 13 an integer satisfying
N> 0. In the magnetization test operation node, the
HDCang 1p&RES It & tdefauiss iy =si0gnal generat or 63

i noperative wth respect to Mdata sectors 120 (M >

1) and récortds Mporedil apdtien rtq%@ecreataics"ﬁmﬁ;. gtfﬁe HDC
W t t bsequent N sectors 120, the H .
vei B RREC e dséégﬁigf Y fofiior G50S4 Lnsperative
d [ [ or._ the re C o)
neoRER, P <PRRE oM ke WP ons 1B o e ' gnd"Fecords

degaussi Ag+APehat bl f ar dit JCoh (1Q th?iggcggggﬁ%;OQQ$

both a data recording operation and eg

opesabkegubak NtbeckBrthsziE%%|g@grPO%Fﬁgh%%if%%§%dﬁ

operation, testing data is recor n

dat dataethotsefohowhpel rbitisdat debaeaikdindg PeserhiiRed for
above 15 is not perforned. The test data’is recorded

i n them.ordihar yedatatr ecotdiengexepoadueiang medecand 2o,

with the degaussing operation enabl ed. The degaussing

contpe| HDC 9 performs a degaussing operation for it (or
the HDC 9 performs both a data recording operation and
a degaussing operation for it).

In the initial period of the test operation,
testing data is recorded in the (N+1) or N data
sectors for which the data recording described above
is not performed. The test data is recorded in the

'ordinary data recording/reproducing mode and with the
degaussing operation enabled. The degaussing control
circuit 62 outputs control gate signal DG30 to control
whether the degaussing signal generator 63 should be
made operative or inoperative (FIGS. 4I and 4J).

At the end of the test write operation {(recording
operation), the HDC 9 outputs read gate RG24 and
controls the read head to reproduce a recorded data
signal from the data sectors 120 of a test-mode track.
To be more specific, the recorded data signal is

reproduced from the (N+l) or N data sectors for

which a data recording operation is not performed.
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circuit 62 outputs control gate signal DG30 to contro
whet her the degaussi ng signal generator 63 should be
20 nade operative or inoperative (FIGS. 41 and 4J). At
the end of the test wite operation (recording
operation), the HDC 9 outputs read gate R&4 and
controls the read head to reproduce a recorded data
signal fromthe data sectors 120 of a test-node track
25 To be nore specific, the recorded data signal is
reproduced fromthe (N+1) or N data sectors for which
a datg rddrdiorg NosEtat isertiarnatrperforamtentl 4o Tiee M
(N+%é or N data sectors are subsequent to the M data
sectBré £ECURTSCH theNdath thee sadiang st o roperation is

er forned i1 th.the degaussi ng operation disabled. CPU
b é’&trg?tr?%ewﬁiéh&?ﬁegéiﬁ%%%é% QR arliaTe disatelRp -

on the basj e li.tude val.ue of the ,
repr oducﬁﬁgﬁ @lf é]ﬁﬁ%ectac:%ntﬁeeff}aéﬁleftrlozrﬁc{ He- 4% @f orhgfwrite
theh%%BOBnr%%%:bggﬁ%eo%h%ﬂgngﬂ 149, palus | of é#?ﬂg% an

t
reproductlon SI gnhal oOr the error rate i s 1 ower

al | ewpkbaulitAbh, slignks debelsHned 4 o Q@\%f&jezoend of

10 state of the wite head is not Iin the a

rangae eftherHDEtS .mayhtransher sgidinelddhe A idaide, e
value of the reproduction signal obtained in the

maghepirzduction téghafvde ahet ke rers fataties 1oWd¥e than an
host system and used as information for detecting the
magRélPralleslimite of tibe dwtiereimeald thiat tthies neagestized
the host systemrefers to the information when it

det 8FAfReSf the write head is not in the allowable range.

The HDC 9 may transfer either the amplitude value
of the reproduction signal obtained in the-magnetiza—
tion test mode or the error rate to the host system
and used as information for detecting the magnetized
state of the write head. 1In this case, the host
system refers to the information when it determines
whether the magnetized state of the write head exceeds
the allowable limit.

The HDC 9 executes write gate control to issue P
write gates WGA21 (P: a multiple of L) between two
servo sectors. By so doing, the degéussing operation
is never fails to become enabled at the last one of
the data sectors for which the recording operation is
performed between the two servo sectors 110.

Referring to the timing charts shown in FIGS. 4A

to 4L, a description will be given as to how the head

amplifier unit 6 of the present embodiment operates
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whet her the magnetized state of the wite head exceeds
the allowable imt. The HDC 9 executes wite gate
control to issue P 20 wite gates WGA21 (P: a

multiple of L) between two servo sectors. By so

doi ng, the degaussing operation is never fails to
beconme enabled at the |ast one of the data sectors

for which the recording operatli®on-+s perforned

between the two servo sectors 110. 25 Referring to the
timng charts shown in FIGS. 4A to 4L, a description

wi | Enbéhgi pegngs iretiow ttestheged radipn fiiher dinik & iofe
the present enbodi ment operates 15 in the
nmagRECLPENSon tEsPthSaEr MALEF /1t [fe CgisSK idtive widrlf drenggiven
In oth%r ﬁgrds, a %escniption will be given as to how
a t 85t "% PY Ge{GEhc ¥ i e BEAHEEGE TiSe SHessdRd -

enbodi ne refers to the netiza- 5 tion test node
wher ei n %thg %,r%ﬁlegtl,em ﬁ)é{m 20 .reafrglr(ﬁs.toﬂ'chteo mAINGte 2a-
ti mRgnc S Lkkustrati.ng.how, gates.and _signals in
thgkﬂggd%%%%lP?F%r%bﬁ?%lg End 2fh§t6e aus&hd' coftr o

ciredk.64pakg W@eﬁrbh%iH@Qg?SPE§?%e§lE&|t%%ﬁé%%%%%w

WGA21 bet ween servo sectors

"2"jatdbeahlBCs9g88US kn=tBe h33WCImPUGEEes V&1 W igt &ng
gates WGA21, and executes a test using two data

sectbesdégfBuasiagupbhtrba thechiitst20aecofynhthe tdat &pc 9
sectors, data is recorded, with the degaussing 15
opet&fhef Hi wabkedogtebeWGRE1FbEBweédK amrdvélLsectors (P:

a multiple of "2").

The HDC 9 sets L = 2, issues successive write
gates WGA21l, and executes a test using two data
sectors 120 as a unit. 1In the first one of the data
sectors, data is recorded, with the degaussing
operation disabled (refer to FIGS. 4K and 4L).

To be more specific, the HDC 9 outputs write
gate WGA21l and write data WD28 (see FIGS. 4B and 4C).
The degaussing control circuit 62 switches off the
gate control signal DGA 41 of the AND gate 624 shown
in FIG. 2, and further switches off the control gate
signal DG30 (see FIGS. 4D and 4I). As a result,
the degaussing operation of the degaussing signal
generator 63 is disabled, and no degaussing signal
DS31 is output (see FIG. 4J).

The HDC 9 does not record data in the second data
sector, and performs only the degaussing operation.

To be more specific, the degaussing control circuit 62



To be nore specific, the HDC 9 outputs wite gate
WGA21 and wite data WD28 (see FIGS. 4B and 4C). The
degaussing control circuit 62 switches off the gate
control signal DGA 41 of the AND gate 624 shown 20 in
FIG 2, and further switches off the control gate
signal D30 (see FIGS. 4D and 41). As a result, the
degaussi ng operation of the degaussing si gnal
generator 63 is disabled, and no degaussing signal
DS31 i s out put (Csee FIG 4J). 25 The HDC 9 does not

recSWdtghes ion the sedendardire]l sdarer], REHd Inertfror montrol
only the de%au55|n operation. To be nore specific,

thegé‘éﬁaﬁég Ad O6R0r dnceitheuigata sigpal ﬁﬁ&%e@ﬁ&m

th I nal 41 t he contro ate .

S|Sng?%EE§§n %g’tagg gnalsméBéfﬂ%%Ea FnGs. deggussing

41, K [ t,. the . degaussin er t|on
oherAbgahebr e T sath b R st

5 andeﬁag§géusﬁhagasbg %bs@%%é sig%éﬁp%%Bl E@eoutput

degaussi ng si gnal is's to the wit

dri vee ﬁégéﬁs%@ﬁ@r@hﬁﬂaqub%@ﬂt1@B%ﬁP§§Q%dFM§ tﬂﬁ'wrlte
Then, the HDC 9 reproduces the recording data

t heds¢wendétata gecbediher cultirehtdatsa 4r qedisne . 19,)i s
not perforned. (The recording data is recorded as test

data bef Bhehanthe FDE CPUehd odetceet :HheedGRl] 2R a
state of the wite head on the basis of the anplltude
or &FP®rthat eeepnphdatepsedtiori dorsivgiah datansfeeroredng

10 froggtggthE}%ormed (The recording data is recorded
as test data beforehand.) The CPU 10 detects the
magnetized state of the write head on the basis of the
amplitude or error rate of the reproduction signal
transferred from the HDC 9.

15 Data may be reproduced from all data sectors,
including the data sectors in which data is not
recorded in the test mode. In this case, the
magnetized state of the write head is checked by
measuring a decrease in the error rate.

20 As described above, the present embodiment
executes a magnetizatioh test after disk drives are
shipped as commercial products. To be more specific,
when the host system issues an instruction or at
a predetermined time, the magnetized state of the

25 write heads of the disk drives are checked using the

degaussing control circuit 62 and the degaussing

signal generator 63 of the head amplifier unit 6.
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15 Data may be reproduced fromall data sectors,

i ncluding the data sectors in which data is not
recorded in the test node. In this case, the
magnetized state of the wite head is checked by
measuring a decrease in the error rate. 20 As

descri bed above, the present enbodi nent executes a
magnetization test after disk Hfives are shipped as
commerci al products. To be nore specific, when the
host. system i ssues an instruction or at a

pr edét ébdisnEdNaFe, e disdnaltiizes smttheofhaste 2Fsten
wite h%gds of the disk drives are checked using the

degdiPss; g Sc S &agé’lertcltﬁ:td fztagr?d Q%éicft?eg‘hﬁ}stsq ﬁg‘-‘ads and
f r it

R AR B ¥edt e G At at e S O 'Lwt to

monitong the \g)@%@%@l%%qaﬁit ‘?n V1\:ht herevgd oﬁkn eacﬂie the

rellably preve ta erasur |ch

OCCQ%mb&eﬁ%r&%@%b%ﬁb%&l%ﬁgg%”ﬂﬁé dye to the 5
remanent nmagneti zation of the wite ea S. n ot her

wor ds, the ditsle driot@isQf e 86 e ve o difent - as, @
function of nonitoring the nagnetized state of the

wr i eebbeddeas tne af fulhetdelnf orherk i teRpamat itoRs mag#Edtized
as the SMART (Sel f-Mnitoring 10 Anal ysis and

Repéteitrg oTethroagy eShekena sf wnet icdnthe BedePichaicit he
times instructed by the host system the disk drive

of Pﬁ@réﬁﬁéﬁﬁneﬁpcgeﬁﬁoﬁﬂﬁ AMARFn diSieZdt-Mom ittesting

operati on when the failure .
Analysis and Reporting Technology System) functions.

Except at the times instructed by the host
system, the disk drive of the embodiment performs
a magnetization test operation when the failure
checking function is to be utilized in response to
the occurrence of a data reproduction error or when
a predetermined period of time has elapsed after the
disk drive is used.

Where the magnetization test operation is
performed in the manufacturing process of a disk
drive, a test recording area need not be provided at
a specific area of a disk medium 1. Any recording
area of the medium 1 may be used as such a test
recording area,

(Second Embodiment)
FIG. 5 and FIGS. 6A to 6L illustrate the second

embodiment of the present invention.

In the magnetization test mode wherein L 3,
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checking function is to be utilized in response to 15
the occurrence of a data reproduction error or when a
predeterm ned period of tinme has el apsed after the

di sk drive is used. Wiere the magneti zation test
operation is performed in the manufacturing process

of a disk 20 drive, a test recording area need not be
provided at a specific area of8 a disk nedium1. Any
recording area of the nedium 1l may be used as such a
test recording area. (Second Enbodi ment) 25 FIG 5
andMFFGS, 6Rt § 61 i/l Itlst HiCe % I $deome comsb edibrehiment
of the present invention. In the nmagnetization test
modBSRAEFER VE 1L ez gategonfyrely ingsgy 2 mannes Hbe® P

of the,second e ment .,perforns wite gate contro
in Suéhea gﬁﬁﬁﬁew&( Ppe Wl%%é‘@@é"%ﬁfr&)@e Sesdpe
bet ween ;s t QIS o @ a multiple of "3"). 5 As
sho&ﬁ i A Epé?lgﬁgtﬁgsdegﬁu55|ng control «circuit 62 of

t he presagnt di. Ongr | f and
6218, m%grtsglggﬂaige%gzc’% hd B5s ded/-?ﬁ%sfl og%%%m

andc626uiNAKD gat e ng2 re%@%tOme%@E%e§%5co%% Refgrring
to the timng chart shown in FIGS. 6A

des€iiptifonpwi bR1beagivenias teveewotle d?ead 627 and 628,

anplifier unit 6 operates in the degau55|ng test node
AND gates 623, 624 and 626, NAND gate 629, and OR
gate 625.

Referring to the timing chart shown in FIGS. 6A
to 6L, a description will be given as to how the head
amplifier unit 6 operates in the degaussing test mode
of the disk drive. That is, a description will be
given of the test write sequence.

The HDC 9 supplies a switching signal to the head
amplifier unit 6 by way of signal line AC20, so as to
switch to the degaussing test mode. In the degaussing
control circuit 62, flip-flop 621A is initialized by
CLS signal 56, so that flip-flop 621A becomes ready
for the write sequence operation. Thereafter, the
head amplifier unit 6 executes the write sequence
operation in the magnetization test mode in response
to write gate WGA21 issued from the HDCO.

The HDC 9 sets L = 3, issues successive write
gates WGA21, and executes a test using three data
sectors 120 as a unit. In the first one of the data

sectors, data is recorded, with the degaussing
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of the disk drive. That is, a description wll be
given of the test wite sequence. 15 The HDC 9
supplies a switching signal to the head anplifier
unit 6 by way of signal Iine AC20, so as to switch to
t he degaussing test node. In the degaussing contro
circuit 62, flip-flop 621Ais initialized by CLS
signal 56, so that flip-flop 62LA becones ready 20 for
the wite sequence operation. Thereafter, the head
anplifier unit 6 executes the wite sequence
opePRErSH lioR Cheakdgrlet(irefieirot o FFCSHOEK iand édponse
to wite gate WGA21 issued fromthe HDC9. The HDC 9
sets L =13 N&&Es sweceddidve W tHPC 25 queirast snweilte

d t est three data sectors 120 as a
ond SYOHEgS 2 L st sl %attﬁew(pg@a (Seactdics -l @ 60)

Efg Po8° ool hiR ARITEE st PP Eahan BT R
DCy8tQUEBHES oW it 61 1921 %fa'il,%e NGE % A P8\ wn
588 T Hrhe e hq

(see FIGS. 6B an gaussi ng Comt ST &

62 SﬂﬂFQb@SSQfEnﬁh§u§tﬁékes%9%bﬁ%l %EQ”%%eD@%ﬁ%%dﬁ gate
the AND gate 624 shown in FIG 5, and further

swi sthealobt30heseentrok.g@be ansi ¢nal. D&ER0 A $88 filtGSthe
6D and 61). As a result, the degaussing operation "of

t heddggaesshggopegnalicgendr aher dedaius sdingaklieghaland no
degaussing signal 10 DS31 is output (see FIG 6J).
Thedeperotdses3nos désebdedat anidn nbhelegabsadumentsignal

DS31 is output (see FIG. 6J).

The HDC 9 does not record data in the subsequent
two data sectors. To be more specific, the degaussing
control circuit 62 switches on the gate control signal
DGAS2, the control gate signal DG30 and the gate
signal WGB32 (see FIGS. 6D, 6I, 6J and 6K). As a
result, the degaussing operation of the degaussing
signal generator 63 is enabled, and a degaussing
signal DS31 is output. The degaussing signal DS31 is
supplied to the write driver 61 as recording current
WS34 (see FIG. 6L).

After the end of the test write operation
(recording operation), the HDC 9 outputs read gate
RG24 and controls the read head to reproduce the
recording data signal. To be more specific, the
recording data signal is reproduced from the second
and third data sectors for which data recording is not

performed. (The recording data signal is recorded as
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two data sectors. To be nore specific, the degaussing
control circuit 62 switches on the gate control signa
DGA52, the control gate signal DG0 and the gate 15
signal WEB32 (see FIGS. 6D, 61, 6J and 6K). As a
result, the degaussi ng operation of the degaussing
signal generator 63 is enabled, and a degaussing
signal DS31 is output. The degdlussing signal DS31 is
supplied to the wite driver 61 as recordi ng current
20 W534 (see FIG 6L) After the end of the test wite
opef&titordater edediehgneper ati on), the HDC 9 out puts
read gate, R&X4 and controls the read head to

repr_od_lJcéthené:PUr loriEites Ihath s Mt fPe b tigie of the

TP ORFLS Dedtng™ 08 PRATS G Fheearord ol An Of xik £ate
di [ . h di dat

gt e TSI A R s S W)

CPUrL@ ﬁ@b?@tﬁayh%rgﬁgQ%E'{gg %Eﬁth%%et@%lu%gFEfﬁg%%g

on the basis of ‘the anplitude or "error rate

r epraduchifoRhsi gagh obiaRsber kednhnomsthe 1HDERS: g i za-
HDC 9 may transfer the anplitude value or error rate

of thenr epsedmetieoRositgrahodsed visk eth@ sMagFRtinad- dnl Hxed
test node to the host systemas information used for
det éoti dgtebeimggheki mednetatzedolstbhe wfi techeadte Ihrad.
this case, the host system determ nes whether 10 the
maghBt Fhéd sesee thet hosw isyetkeadetrceddsst Whether
the magnetized state of the write head exceeds the
allowable limit, on the basis of the information.

Data may be reproduced from all data sectors,
including the data sectors in which data is not
recorded in the test mode. 1In this case, the
magnetized state of the write head is checked by
measuring a decrease in the error rate.

Like the first embodiment, the second embodiment
executes a magnetization test after disk drives are
shipped as commercial products. To be more specific,
when the host system issues an instruction or at
a predetermined time, the magnetized state of the
write heads of the disk drives are checked using the
degaussing control circuit 62 and the degaussing
signal generator 63 of the head amplifier unit 6.

In this manner, the disk drives or the host system

monitors the magnetized state of the write heads and

reliably prevents data erasure which is likely to
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allowable limt, on the basis of the information.

Data may be reproduced fromall data sectors,
including the data sectors in which data is not
recorded in the test node. In this case, the 15
magnetized state of the wite head is checked by
nmeasuring a decrease in the error rate. Like the first
enbodi ment, the second enbodi meht ~ executes a
nagnetization test after disk drives are shipped as
commerci al products. To be nore specific, 20 when the
hosCC§YTt i iPeResn s ULagt magniegi orregording due to the
predeterm ned tine, the nagnetized state of the wite
hea&gmﬁlnel”ﬁe”@gé‘l?tdﬁa\}:ésonaroé &%W%lWQ%

degaussi e ntrol CI CUIt 62 a he dgg u33|n
si gnall era S it ' 5P i%§ resgnt

g
I'n Eﬂb%d%?ﬁr 'hatsh%, qf'u‘chlﬁtq“ ) f%{%lte \i/r r}?ant htjgztgr%aq{betlzed

noni t ors neti zed state %

rel sahky erfe\e%t %ﬂ%tea heERS UL MY ¢JE &S“rég égeeify dr

occur in per pendl cul ar rragnetl C recor ue to t

renapent tivgRet iszah ey ehet kganT t@deadsn ilvb ot
words, the disk drive of the present enbodi nment as a

f unehladlysdfs amail Repiod ihige TRRGHRlIcZed S & tsdndt e dfcdidhs.

wite head as one of the self-check operations, such

as t he SEKREptSeltf -tMenittiordsng nsAmalgrsics landRepgasdt ng

Technol ogy System) functions Except at the tines

i nsb¥Yaéesd E%etﬁéSﬁoﬁﬂlyvspénﬁhﬁh@med¢mﬁnnupaﬁfdﬂms

enbodi nent perforns
a magnetization test operation when the failure
checking function is to be utilized in response to
the occurrence of a data reproduction error or when
a predetermined period of time has elapsed after the
disk drive is used.

Where the magnetization test operation is
performed in the manufacturing process of a disk
drive, a test recording area need not be provided at a
specific area of a disk medium 1. Any recording area
of the medium 1 may be used as such a test recording
area.

(Third Embodiment)

FIG. 7 and FIGS. 8A to 8L illustrate the third
present embodiment of the present invention.

In the magnetization test mode wherein L = 3, M =
1, and N = 1, the HDC 9 of the third embodiment

performs write gate control in such a manner that P

write gates WGA21 are issued between servo sectors
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10 a magneti zation test operation when the failure
checking function is to be utilized in response to
the occurrence of a data reproduction error or when a
predeterm ned period of time has el apsed after the
di sk drive is used. 15 Were the magnetization test
operation is perforned in the. manufacturing process
of a disk drive, a test recordiég area need not be
provided at a specific area of a disk nmedium1l. Any
recording area of the nedium1l may be used as such a
t est(Fre@omdilig P12o ofr 3" )(THs d rErfiisdi srsmnd A odd rgnit
FI GS. 8AH§P BL illustrate the third present
enb GEST: ¥ resent invention. In the

t nDd wher,ei_n

2L TR e S L rboele%odﬁerfe%ﬁemp%%fhbe made
W B 580 LRON0 ) A TG, Rl fp o il d G has

gat es are SSUG ween Servo sec OI'S

a Mdlta Phe Ofs e dnky & %} g second enbodi ment
descri bed above. In the escrlption be|OMI reference

will be madendwi nhy fig the didd & &mhdol

enbodi ment has 5 over the second enbodi ment. As shown
in EiGcult teze ﬁeg:@ws%jmaﬁﬁntehﬂﬂodﬁﬂdrﬁiﬂdon@ﬁn@ced helip-

present enbodi nent conprises flip- flops 621A and

621BLopsvéitlér an@R 321627 iave r628;s AND, 627 and 628, AND
gates 623, 624 and 626, NAND gate 629, and OR gate
625. The degaussing control circuit 62 shown in
FIG. 7 differs from that shown in FIG. 5 in the
configuration of ANDE gate circuit 623.

The HDC 9 outputs write gate WGA21 and write data
WD28 (see FIGS. 8B and 8C). The degaussing control
circuit 62 switches off the gate control signal DGA 62
of the AND gate 623 shown in FIG. 7, and further
switches off the control gate signal DG30 (see
FIGS. 8D and 8I). As a result, the degaussing
cperation of the degaussing signal generator 63 is
disabled, and no degaussing signal DS31 is output
(see FIG. 87).

The HDC 9 does not record data or perform a
degaussing operation with respect to the subsequent
two data sectors. To be more specific, the degaussing
control circuit 62 switches off the gate control
signal DGA62, the control gate signal DG30 and the

gate signal WGB32 (see FIGS. 8D, 8I, 8J and 8K). As a
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gates 623, 624 and 626, NAND gate 629, and OR gate 10
625. The degaussing control circuit 62 showmn in FlIG
7 differs fromthat shown in FIG 5 in the
configuration of ANDE gate circuit 623. The HDC 9
outputs wite gate WeA21 and wite data WD28 (see
FIGS. 8B and 8C). The degaussing control 15 circuit 62
switches off the gate control %3 gmal DGA 62 of the
AND gate 623 shown in FIG 7, and further swtches
off the control gate signal D&O0 (see FIGS. 8D and

81) reasily r édl tdegave sdeynugsineg i wperfattiton dfgddesing
degaussi ng signal generator 63 is 20 disabled, and no
deg&d98itdg ISTGFAL BSHB i slitsphled sending ®&Pordine

HDC 9 does not recard data or performa degaussing
opeF IR tviteh SBEIAEE 6 (e SUHSE TR v deiee

sec%&&§.818 be nore specific, the degaussing 25
contr Circuit 62 switches off the gate control

SheCs o s I UL A R A ddussing
23 t - the,: i ati Q degaussi
23 | obRelitlionkG 180 HIPCRE BRI Yo i laaaas it

Cur sertoirs .sugRl ved ro? et Rp it drineerglh 86 g datrol
8L). 5 The HDC 9 perforns data recordi ng "and

degadssung 6apewdtiches wr hheegpee doatiha sukseaueniaez,

three data sectors. To be nore specific, the

degébsesicpgteont galte signal DG30 and the gate signal WGB32
(see FIGS. 8D, 8I, 8J and 8K). As a result, the
degaussing operation of the degaussing signal
generator 63 is enabled after the data recording
operation, and a degaussing signal DS31 is output.
The degaussing signal DS31 is supplied to the write
driver 61 as recording current WS34 (see FIG. 8L).

After the end of the test write operation
(recording operation), the HDC 9 outputs read gate
RG24 and controls the read head to reproduce the
recording data signal from the data sectors of the
test mode tracks. To be more specific, the recording
data signal is reproduced from the second data
sector for which data recording is not performed.
(The recqrding data signal is recorded as test data
beforehand.)
Like the second embodiment, the third embodiment

executes a magnetization test after disk drives are

shipped as commercial products. To be more specific,



10

15

20

25

circuit 62 swtches on the gate control signal DGA62,
the control gate signal DG30 and the gate signal W3B32
10 (see FIGS. 8D, 81, 8J and 8K). As a result, the
degaussi ng operation of the degaussing signa

generator 63 is enabled after the data recording
operation, and a degaussing signal DS31 is output.

The degaussing signal DS31-is &upptied to the wite 15
driver 61 as recording current Ws34 (see FIG 8L).
After the end of the test wite operation (recording
opeW&enofine hhRetHBEsY esutigsue sr ead igatterucRGdh amd at
controls the read head to reproduce the recording

dat & Brg§A&LerMoRethé 188t a thec eus esf zage 2@ et ridue
tracks, To be nore specific, the recording data
sigHﬁFthgF§§508§c§§efF&ﬁ$tﬁ§l§@@oﬁ§QﬁSQ?Qﬁ§9(HS¥Qﬁ the
whi gh .recarding,is.not .perforned. . (The recarding
tint S0gHARE 1 P a0 51 BB G RRE st SIECHRP I e

Lik@i%ﬂglssgﬂgga%ggo%bng%tth%h%F%gLE%ﬁﬂ?ﬁygfnﬁgit 6

executes a"nmagneti zation test a S rives are’

shi prednas GARRBECI @hePHOIWCHS vEQ R WBIe h%%etcisfljs%em
24 when the host systemissues an instruction or at

a predeters pad hhgBettihedmagnetl 2ed tslat® i¥fe thads and
wite heads of the disk drives are checked using the

degaedsahyycpntrvehtei Hatkt eGAsand Whe cthegaussikegdy To

signal generator 63 of the head anplifier unit 6. In

t hi ecaabinén, pehpeddékudrirves goettike rleastrdiyst elwe to the
remanent magnetization of the Write heads.

In other words, the disk drive of the present
embodiment has a function of monitoring the magnetized
state of the write head as one of the self-check
operations, such as the SMART (Self-Monitoring
Analysis and Reporting Technology System) functions.

In the first to third embodiments, the head
amplifier unit 6 uses its internal degaussing control
circuit 62 to enable or disable the degaussing
operation of the degaussing signal generator 63.

Since it 1is not necessary to externally control
whether the degaussing operation should be enabled.or
disabled, no signal line is required for such external
control,

The embodiments described above realize the
magnetization test function which automatically

detects the magnetized states of write heads. The

magnetized states of the write heads can be checked
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noni tors the magnetized state of the wite heads and
reliably prevents data erasure which is likely to
occur in perpendicular magnetic recording due to the
10 remanent magneti zation of the wite heads. In other
words, the disk drive of the present enbodi nent has a
function of nonitoring the magneti zed state of the
write head as one of the self-Zheck operations, such
as the SMART (Self-Mnitoring 15 Anal ysis and
Reporting Technol ogy Systen) functions. 1In the first
to PREr @nébodicneft § dillsd Wesddresample friagyu fiamitiu redu e
its internal degaussing control ~circuit 62 to enable
or 6@§8b?€ ?H§ é@§u§§ﬁﬁgSU@&e@aFP@ﬁkoﬂStﬁ@sdé§ah55|ng
si gnal tor %ﬁi |nce |t S not_ necessary to

externaI ﬁppﬁl !
h d bl |
; oﬂtg‘é‘g?t/g?@?'b@htgitté‘rth?skeﬂ%ﬁ%g| 08 aioqi Meretore,

deSEBbbggv@HQY%nrgﬁl L £§ EP%ad%g %%E'ZQE'%% %ﬁ%@ ed to

function which autonatlca fs the mag net

statps gpewnirie headsisThe { f
wite heggs can be chegkgdd2ggggg%b§§g§%k%e%ﬁfﬁgly%sts

dri yrswar engububagt beadhbukinal sacabranngliye vaheRdus
such a check is desired. Additional advantages and
nmodinbdt & cehsowns| hayr eadinhyeoattihotie thpae tskigl Ifedn rhe
the art. Therefore, 5 the invention in its broader
aspepisitsonoschpai pédthe general inventive concept as

defined by the appended claims and their equivalents.
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the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various
nodi fi cati ons may be nade wi t hout departing fromthe
spirit or scope of the general inventive concept as 10
defined by the appended cl ai ns and their equival ents.
26 WHAT IS CLAIMED IS: 1. A disk drive conprising: a
magneti c head including a writ4 head configured to
performa wite operation for executing perpendicu- 5
| ar magnetic recording with respect to a disk nedium
and a read head confi §HPEdIEoCHAAMER d&ta signal from
the di sk _nmediun, a head anplifier unit including a
wWite dri]verAgd'rﬁki FFSE tCRPAYHE wite current to

the wite _10 head, .for, perpendi cul ar magnetic '

recor d: ng, %S Weé’fl?%ilﬁt#lﬂ#tiq‘ ot ”ffgdgﬁééefar% ‘iql’féflgured
[ : .t est it .configured tq .control a .,

U1 L8 BBt N \BLE LA GO ASL AR SN Sle Bt

witer Rgade®%ecHees A ihgSly i e s%%.%rta .og %a c@}g(e g\?eodni um,

test is a'magneti zed state of the ite

repeadugt ireaddakadokbaired fay eadiag dats dLeordad oon
the di sk nmedium by performng the test wite operation

by neansiek mkeiuead head. 2. The disk drive according
to claim1, wherein 20 the test unit determ nes that
t he magnet hzed singile fdfer tumd twiirtcd uadady dueviite driver
remanent magnetizati on exceeds
configured to supply a write current to the write
head, for perpendicular magnetic recording, and a
degaussing unit for degaussing the write head; and

a test unit configured to control a degaussing
operation of the degaussing unit when the write
head executes a test write operation, and to test
a magnetized state of the write head based on
reproduction data obtained by reading data recorded on
the disk medium by performing the test write operation
by means of the read head.

2. The disk drive according to claim 1, wherein
the test unit determines that the magnetized state of
the write head due to remanent magnetization exceeds
an allowable limit when an error rate of the
reproduction data exceeds a predetermined allowable
limit.

3. The disk drive according to claim 1, wherein

the test unit determines that the magnetized state of

the write head due to remanent magnetization exceeds
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an allowable limt when an error rate of the
reproduction data exceeds a predeterm ned all owabl e
limt. 25 3. The disk drive according to claim]1,
wherein the test unit determ nes that the nmagnetized
state of the wite head due to remanent nmagnetization
exceeds 27 an allowable imt, based on an anplitude
val ue of a reproduction signa’read out by the read
head. 4. The disk drive according to claim1, wherein:
the test unit causes the wite head to perform5 a

dat #weiltlewesdreatliigh tobasesheni faredemmcidrdingrakiea of

of the disk nmedium wth the degaussiggkgperation of
t he 2dEGRFSAITE LAT 5 16Pa01 e®ahifbt dit ekt

wite head tg%fer ormthe data wite o erqzﬁﬁipn {or the =

specified re it ket O AHEH 99 i SR 1 h wherein:

10 degaussing Qneration of the degaussi uni t

di sabl ed:; an%etsgce utaﬁelstt i escgcuhseeg“i%tee :}geaaoé]hteoaop?JBform

read Whea datiad egded by dde adas;p%(yff e q’}%fdcﬁ; |4

fromthe specifiggirecording area, and’gkec S fk% area

mageet ikred 4% ks hla waf, %H%Hmﬂﬁéedgﬁﬂﬁ§§¥ﬁ?jdﬂération of

reproduction data read fromthe specified recording

ar eahebdethesdiisly dinive eaeealedi,NGrid fRlraiHBd,caid Lithe

the test unit causes the wite head to execute the

t eswnittiet beapertat iper ffoom & her edetsewrined dpestat2bn for the

recor di n%.area of the disk mediumso as to record test
specified recording area of the disk medium, with the
degaussing operation of the degaussing unit disabled;
and

the test unit causes the read head to read the
data recorded by the data write operation, from the
specified recording area, and checks the magnetized
state of the write head based on reproduction data
read from the specified recording area.

5. The disk drive according to claim 1, wherein
the test unit causes the write head to execute the
test write operation for a predetermined test
recording area of the disk medium so as to record test
data in the test recording area.

6. The disk drive according to claim 1, wherein:

the test unit causes the write head to perform
a data write operation for a plurality of successive
data sectors included in a predetermined test

recording area of the disk medium, with the degaussing

operation of the degaussing unit enabled, further
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data in the test recording area. 6. The disk drive
according to claiml, wherein: the test unit causes
the wite head to performa data wite operation for a
plurality of successive 25 data sectors included in a
predeterm ned test recording area of the disk nedium
W th the degaussing operation of the degaussing unit
enabl ed, further 28 causes th&8wite head to perform
the data wite operation for the successive data
sectors included in the predeterm ned test recording
ar egagfeshéhedivgik teedicad twi penfloendédaussitag write
operation of the 5 degaussing unit disabled, and skips
t heCBEEAEWPIt éCLofEratiUSTER6L Ve Firddeteatorsd idutladed
sector; and the test unit causes the read head to read

dat a" FBEoPIEACLELBBRENE S SEr SRCORE 150 ddedr Mfnddedat a

f which th t it ski the data wjte 10
operarof=cila céths P Raghetr 50 “BATAE 16F fife Sne

wri e Qeegingsgqiendagem%gf ia$@e%3}igksf g%% fdg%gcg,prgjtﬁg

prede erm ne ata sector. rrve a

to epakBtlonWrgkebnprihe chead natPluafihels Wit ;suitches
the wite head 15 between the test wite operation and

an ordi nghg Weiste undReicalise? itheAGeAUAGE Wd ¥ data
instruction supplied fromthe test unit. 8. A head

anpketbedednbe fbeehandi, skram vaet bakdeitrehyides aawste
head configured to performa wite
sector for which the test unit skips the data write
operation, and checks the magnetized state of the
write head based on reproduction data read from the
predetermined data sector,

7. The disk drive according to claim 1, wherein

the head amplifier unit switches the write head

between the test write operation and an ordinary write

operation in accordance with an instruction supplied
from the test unit.

8. A head amplifier unit for a disk drive that
includes a write head configured to perform a write
operation for executing perpendicular magnetic
recording with respect to a disk medium; and a read
head configured to read a data signal from the disk
medium,

said head amplifier comprising:

a write driver configured to supply a write
current for perpendicular magnetic recording to the

write head when a write operation is performed;



10

15

20

25

20 operation for executing perpendicular magnetic
recording with respect to a disk nedium and a read
head configured to read a data signal fromthe disk
medi um said head anplifier conprising: 25 a wite
driver configured to supply a wite current for

per pendi cul ar magnetic recording to the wite head
when a wite operation is perf2a¢sned; - 29 a read
anplifier unit configured to anplify a read signal
output fromthe read head and output an anplified
signal ; & degalssimgl Signainigenssref oyufed genanalifyg 5
a degaussing signal used for performng a degaussing
operatiee, SB@naHi e tiarfarfarem ridynetdachthient iand et
fromthe wite head; and a degaussing control unit
configGed itfd sCormtimal imhet her a degaussi ng oper ati on

by the degaussing .10 signal. generator should be ,

di sabl ed%ﬁé&%ﬁg@dl,gi%gfﬁdcl (ﬂed”aerﬁ?etf %t?%kq?ﬁratmg

i nst.ructi whi ch .a _caontro of the dis rive ,

EUD}E' :dcgé a_%ﬁrsfgstsill%%; ﬁ&%ﬁ%&eﬁoﬁr}ﬁti Cﬁﬂr?sgmg
ea . [ . .

15 fﬁ?tﬁgr géw% igﬁhgb g%ﬂ%%%ﬁ%lﬁ} Iﬁﬁ %%%1?%ﬂﬁ%ﬂf%%?ved

Supghkymt ReeWhirti@ e Ha¥gr ML h one of a wite data

signal used for performng a recording operation with

respect todelRussing control unit configured to control
whether a degaussing operation by the degaussing
signal generator should be disabled or enabled, in
accordance with a test instruction which a controller
of the disk drive supplies for testing a magnetized
state of the write head.

9. The head amplifier unit according to claim 8,
further comprising:

a switching unit configured to supply the write
driver with one of a write data signal used for
performing a recording operation with respect to the
disk medium and the degaussing signal supplied from
the degaussing signal generator,

wherein the degaussing control unit controls
output of the degaussing signal from the degaussing
signal generator and an operation of the write driver
in accordance with the test instruction.

10. The head amplifier unit according to

claim 8, wherein the degaussing control controls

a recording operation the write head performs with
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di sk medi um and t he degaussi ng signal supplied from 20
t he degaussi ng signal generator, wherein the

degaussing control unit controls output of the
degaussi ng signal fromthe degaussing signal _
generator and an operation of the wite driver in
accordance with the test instruction. 25 10. The head
anplifier unit according toco ci&i m8, wherein the
degaussi ng control controls a recordi ng operation the
wite head perforns with 30 respect to a test

r ec6LEPRG tait@a aoft esite réicir diedi wmelsy o fcdriter glilsingnedium by
out put of _the degaussing signal fromthe degaussing

si gRaRtgedelatoridndtt I dher sesemssiinchsiognEl €rom the
driver in accordance with the test instruction, 5 and

t he SPE3YSEAPS FLENNIFEIERF S es s &S SRsedtdwn of the
i gnal., _which th d _head read fromthe test |
el oo Mg R BAS oA Pt of e Rtk AR o,

11. jAgnet hod for checking a nmagnetized state of 10 a
wite head applied to disk drive of a perpendicular

magnet i € +hec He@idn@np)stany tﬁﬁt”%i% & g'duction

supplying a wite current for perp netic

recetighag,t @hacw ithe head okaldhe cdigsk oditl V& om\ieR & est
test wite operation is perforned to record 15 test

dat aecnrdingstreacordi n@peaceatebldedi € ARG WHsk drive.
causi ng a degaussing unit included in the disk drive
t o contrdll .whét nert hadd dgausdicnk ioperaaniagmetized state of
a write head applied to disk drive of a perpendicular
magnetic recording system, the method comprising:
supplying a write current for perpendicular
magnetic recording to a write head of the disk drive
when a test write operation is performed to record
test data in a test recording area of a disk medium;
causing a degaussing unit included in the disk
drive to control whether a degaussing operation
performed for the write head should be enabled or
disabled, when the test write operation is performed;
and
determining whether the magnetized state of
the write head is within an allowable range based on
a reproduction signal which a read head of the disk
drive reads out from the test recording area after the
test write operation.

12. The method according to claim 11, wherein

the magnetized state of the write head is determined



performed for the wite head should be enabl ed or

di sabl ed, when the test wite operation is perforned;

20 and determ ni ng whet her the nagnetized state of

the wite head is within an all owabl e range based on

a reproduction signal which a read head of the disk

drive reads out fromthe test recording area after the

25 test wite operation. 127 The nmethod according to
claim1l, wherein the magnetized state of the wite

head is determ ned 31 based on an anplitude val ue of

t he P2SECo P Bno s lgrtalde raddisutothyt eher erezrfuriaidborsignal

an error ra&F of reproductjon data.
readout by the read head or an error rate of

reproduction data.



