IN A D SK DRIVE WTH A GVR READ HEAD BACKGROUND OF THE INVENT

present invention generally relates to disk drives, and in part

read error recovery in a read operation using a GVR read head. |n ree®nt
years, disk drives, typified by hard disk drives, have enpl oyed a magnetic
head having 10 a gi ant magnetoresistive (JGVR) read elenent (also referred
to as a GWR sensor) and a wite el enent separately prOV|ded |gmmmmmmmmmmmn
slider in order to pronote high-density recording. The GWR re

operates as a read head to 15 peagdrdarargRcefdedrepyt he di sk nedi umpiseFhe
wite elenent operates as a wite head to generate a recordi ng magnetic
field in accordangepwakd APPARASUSUFRORNREAD HRAOR! Reabl¥rieenrd gatg on the
di sk medium 20 The GVWR read el enent is generally designed so that two
ferromagneti ¢ DRYRESWATE Al GARJREABCHEAD a non-nmagnetic |ayer. One of the
ferromagnetic layers is called a free layer and is magnetized in a fixed
direction when no external rBEATKERQUND edHISTRE eINFENTE@ENt. The ot her

ferromagnetic layer is called a pinning |layer and is nmagnetized in a fixed
directi oh - 2 The present invention generally relates to disk

5 e3epr ATk<=t ?@.?@ATr APZ D  METHOD AND APPARATUS FOR READ mﬂ "m”m

drives, and in particular, to read error recovery in
a read operation using a GMR read head.
In recenf years, disk drives, typified by hard
disk drives, have employed a magnetic head having
10 a giant magnetoresistive (GMR) read element (also
referred to as a GMR sensor) and a write element
separately provided in the same slider in order to
promote high-density recording.
The GMR read element operates as a read head to
15 read data recorded on the disk medium. The write
-element operates as a write head to generate a
recording magnetic field in accordance with a write
current to magnetically record data on the disk
medium.
20 The GMR read element is generally designed so
that two ferromagnetic layers are arranged across
a non-magnetic layer. One of the ferromagnetic layers
is called a free layer and is magnetized in a fixed
direction when no external magnetic fields are
25 present.
The other ferromagnetic layer is called a pinning

layer and is magnetized in a fixed direction



perpendi cul ar to the nmagnetizing direction of the free |layer when no
external magnetic fields are present. In general, the application of
external magnetic fields does not vary the nagnetizing direction of 5 the
pinning layer. To fix the magnetizing direction, an antiferromagnetic |ayer
called a fixed layer is stacked on the pinning |layer in direct contact with
it. The fixed layer provides a fixingtmgnetic field to fix the nagneti zi ng
direction of the pinning |ayer. 10 on the basis of exchange coupling. In the
G\R read el enent, the magnetizing direction of the free |ayer varies

dependi ng on the-pRonethtaf! U €h&erhyQor 051 NROALLLELISROS Hi P LD M €SPECE
to the surface of the disk medium 15 Furtheriore, resistivity varies

dependi ng on they&nomesh zhdJe2P8FLa DehigeatiBer{ 668s ! ayerpaBgdehie pinning
|l ayer. In this case, the GVWR read elenent is pre-supplledpmnth a bias
current (sensergugegstalpncheasmpphusatead datextegneligafhytiecorded on the
di sk 20 nediumas a variation in magnetizing direction. Wen for exanple,
ESD (el ectrostftetdsdi Scharge) vardi sharbagoetnnisg {tressiahkobr the |ike)
causes tenperature of the GVR read el enent to increase above the bl ocking

t enper ature ofthéepimrifigrtiavagnet Te 25x| aperpaghetiainegt dzragtilbnecti on of
the antiferromagnetic layer is reversed. Thus, the magnetizing direction of
t he pi nning | agRrantkEpnhgragoapiedlaper callegdhe AnkpfetpbRtighdtic | ayer,
is also reversed. Here, the bl ocking tenperature neans the tenperature at
whi ch the exch%ﬁ@%k%ﬂi%BtFB%ypb?n%ﬂg AAYEE etRofREREE EORAFEF GEEQppears. 5
Furthernore, if _the ﬂis%.drivE underﬂoes tenperature stres%,for,a lLong tinme
owing to the physi calrechbhtadt Lp¥EheBhOYHES Fixind| BAERETAAELREdi sk
medium heating resulting froma_bias .current, or e li.ke, then the
"hitial directrentot ERE BRARERo=I08 458 CERRRo BT oERE: Retifbpbaleutt;

sur rounglj ng nagﬂe£h§ %ESEQS £ THYSH Bgé EPS EWR,read el ement, a read signal
out put nmay be degraded or the Vaverorm of “an ogfput signal may vary.

Consequently, the GYR rgadcgkenenl eaanehth’ hkdfayhs thLedgt er m ned
performance. 15 Wen the performance of the GVR read el enent is thus

degraded by theireversal oef thhefpeaningekaygrieca HepdnBLhgr oRBY OCCUr
during a read operation of reading user or servo data fromthe di sk nmedi um

To sol ve such ahprmbbestia fetikodikastheanoc20mpyapasedrebbeliagnses t hat
t he magneti zing direction of the pinning layer in the GVR read el enent has
been reversed whthwheshethehoaphki esrfiapeeddét €hmi dédkcmedentn.pul se to
recover the original magnetizing direction (refer to, for exanple, Jpn.
Pat. ApbPn. 25FKOKARrRobEi caesdAtAYitylvagireldepeyddngPanetheNo. 5, 650,
887) . Another nethod has been proposed which
magnetizing angle between the free layer and the
pinning layer. In this case, the GMR read element is
pre-supplied with a bias current (sense current) and
can thus read data magnetically recorded on the disk
20 medium as a variation in magnetizing direction.
When for example, ESD (electrostatic discharge)
or disturbance noise (crosstalk or the like) causes
temperature of the GMR read element to increase above
the blocking temperature of the antiferromagnetic
25 layer, the magnetizing direction of the antiferro-

magnetic layer is reversed. Thus, the magnetizing

direction of the pinning layer, exchange-coupled to



- 4 ,simul taneously provides a bias current and a wite current to recover
the magneti zing direction of the pinning |ayer (refer to, for exanple, Jpn.
Pat. Appln. KOKAI Publication No. 10-49837 or U S. Patent 5 No. 5, 969,

896) . However, with the above prior art nethods, when pinning reset is
executed to recover the magnetizing direction of the pinning layer, if a
current pulse is applied as a reset pulsez then the GVR read el enent 10 may
be physically broken down. Furthernore, the nethod of sinmultaneously
applying a bias current and a wite current may create simlar problens

even if a biasigur LaRl fb$ rodRRhked MLGR NAY A QUL ey MaAlde excassi vel y
| arger than a normal one. 15 BRI EF SUVMARY OF THE | NVENTI ON I n accordance

Wi th one embodithenbletklihe Reaperitiuteehicadr thRerenpeRieided a di sk
drive including facilities to avoid problens such as the physical breakdown

of a GWR read ehéwdnicheheikchapigr medebitivagy2® fopereatandi ey Hofiadfgaratad: on t he
GWR read el enent. The disk drive conprises a head having a gi ant

magnet or esi st i vaye®VE)L seppeaelsenent whi ch reads data froma di sk medi um and
a wite elenent which wites data to the di sk nedium an actuator mechani sm
on 25 whibch t he headurshesmotreed &rfd thie o stovissi we wndgpegids ed position on
the di sk medium current supply units which supply a bias current and a
wite current temperafyrenstoeRs dof & dpdvet tdae oheng itte tdlenent ,
respectively; and a control unit which determ nes, on the basis of a

resi stance val B&YSH Certe COMRacEadediemdnithea FMptiaRsinieRedn a4 i the

t equired.5 to.successfully execyt.e pinning reset on the GWR read
ol enont Saqu\Ahid&ﬁkaF‘\e&?vém‘vhile&&ﬁ“r%rﬁeoﬁ‘%%’r‘?@ W & i 1 e Fuppl i ed
to the head. B F CRI, PTI THE . ERAL. VI.E\\A6 HE DRAW NG The
acconpanyi ng dggal%%gé’ q%ﬁ#%#%ff%%gﬁgiiégi?%ﬁ}9%ﬂ%§3£5%@ﬁq e a part

of 4 e, gect {1 qaleancidistalia SRS & JiedINentd dhq A d oot her

with the genera cription given above and esc on of

the enbodi ment s igiven belew, SR HL @Iy hemidiICiPl e Plsidiea1
invention. 15 FIG 1 is a block diagramshow ng essential parts ot a disk
drive accordi ngut@uan el RYrfed R the waveform of an output
signal may vary. Consequently, the GMR read element
cannot provide its predetermined performance.
15 When the performance of the GMR read element is
thus degraded by the reversal of the pinning layer,
a read error may occur during a read operation of
reading user or servo data from the disk medium.
To solve such a problem, a method has been
20 proposed which senses that the magnetizing direction
of the pinning layer in the GMR read element has been
reversed and which then applies a predetermined
current pulse to recover the original magnetizing
direction (refer to, for example, Jpn. Pat. Appln.
25 KOKAI Publication No. 11-191201 or U.S. Patent
No. 5,650,887).

Another method has been proposed which



present invention, FIG 2 is a view show ng the appearance of the disk
drive according to the present enbodinent 20 FIG 3 is a viewillustrating
the structure of a GWR read el enent according to the present enbodi nent;
FIGS. 4A to 4D are views illustrating operations of the GVR read el enent
according to the present enbodinment; 25 FIG 5 is a flow chart illustrating
a read error recovery nethod according-tq the present enbodinent; FIG 6 is
a flow chart according to another - 6 enbodinments and FIGS. 7, 8, and 9
are views illustrating characteristics of a GVR read el enent according to

the embodi ment s $REWah 8ol & §r051§EEA$L£i%EE§E¥QEH{Ckh&F?Tbﬁl L SVENTI ON

Enbodi nents of the present invention wll be described below wth reference

to the drawi ngsurFéfx foi SedoVbEWEBOMLGHE58EAYI @l r8atisnobra di sk drive
according to the present enbodinent. 10 FIG 2 is a view show ng the

appear ance of the gdiskifgi veyet ConkEgur abj ofoof chBk18y i ypnh.Apdisk drive
conprises a housing 10 incorporating a disk nedium 11, a spindle notor
(SPM 12, a nappeinc HSKAEaHukBjicabhiantNat ot 01498ahdoa UL BcubPttbnard 30 on
whi ch various circuits are nmounted, as shown in FIG 2.

5 No. 5,969,896).

However, with the above prior art methods, when
pinning reset is executed to recover the magnetizing
direction of the pinning layer, i1f a current pulse is
applied as a reset pulse, then the GMR read element

10 may be physically broken down. Furthermore, the
method of simultaneously applying a bias current and
a write current may create similar problems even if
a bias current is supplied which has a current value
excessively larger than a normal one.

15 BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the present

~ invention, there is provided a disk drive including
facilities to avoid problems such as the physical
breakdown of a GMR read element when a pin resetting
20 operation is performed on the GMR read element.

The disk drive comprises a head having a giant
magnetoresistive (GMR) read element which reads data
from a disk medium and a write element which writes
data to the disk medium; an actuator mechanism on

25 which the head is mounted and which moves to a

specified position on the disk medium; current supply

units which supply a bias current and a write current



As shown in FIG 1, the disk nedium1l is rotated by the SPM 12. The head
13 is nounted on the actuator 20 14 so that the driving force of a voice
coil notor noves the head 13 on the disk nedium 1l in its radial direction.
The head 13 is a nmagnetic head in which a GWR read el enent (GWR sensor) and
a wite elenment are separately nmounted on the sane slider. 25 The disk
drive further has, for exanple, a bias cyrent control circuit 16, a wite
current control circuit 17, an el enent resistance nmeasurement circuit 7
18, and a controller 20 nounted on the circuit board 30. The disk drive

al so has a m cEQpFRcess®r &PV 1 &R0 ANEh A FREDLY: 49 SPuRLRd, on a circuit
board different fromthe circuit board 30. 5 The CPU 200 is a nain control

devi ce for thergisk-€1v&Byf 0ald@rd oksmerdl MEhe wEsSeh QpesahinBson the GWR
read el enent according to the present enbodinment, as well as a read error

recovery process sl pRyesest g£onésostincet higl headsr 18he 1@MRheegantrol ler 20
controls, via the bias current control circuit 16, the supply of a bias
current to theelGieneadarel @entymibtadsdeddi wrihe beadedBs ragateeddance
with the control provided by the CPU 200. The controller 20 also controls,
via the write torsentedSfebhyrekeciteupiniingt hesstipphytbé @M@r keedcurrent
to the wite elenent, included in the head 13. The controller 20 further
controls the etbemertrardsvhhce abhowsehbatoptivuntbigst andersiite t he

resi stance value of the GVR read el enment and store the result of the 20
measur enent i n"CACRRRBP ytadPanewrrlbedsteuthenbeafd a wite current are

oo st ance val GRS G EER G o, rah Sl of B elthSe 2 R0
wite current 25 vahHe, and relationﬁggaéinfor tion _indi,cative of %he
Y/

rel ationship betweei The“wriPe"darde PHE” alltt FHe 2EGr FEFOTPRFGES%and a
temperajyir e C°§£f58898§P?tieu9e—a( EEHCBErﬁhgrBgﬁgigﬁégtﬁbﬁnent) The GQR

read el'enment has an an errormagnet1-c | ayer nning ayer 120,

non- magnet i ¢ iﬂi?ﬁgEgégéeeﬁﬁ¥8imé§?stﬁgdtﬁefEﬁ9eh§¥85,légda§oﬁgewgr5 in

FIG 3 (a view show ng a surface of GWR read el ement which is opposite
the surface ofyihg €hekgeRELHM deSBrebHSoAOEidER AHHRRYRHAIS®NAS O sandwi ch

these | ayers between them The GVR read el enent has
detailed description of the embodiments given below,
serve to explain the principles of the invention.

15 FIG. 1 is a block diagram showing essential parts
of a disk drive according to an embodiment of the
present inVention;

FIG. 2 is a view showing the appearance of the
disk drive according to the present embodiment;

20 FIG. 3 is a view i1llustrating the structure of a
GMR read element according to the present embodiment;

FIGS. 4A to 4D are views illustrating operations
of the GMR read element according to the present
embodiment;

25 FIG. 5 is a flow chart illustrating a read error

recovery method according to the present embodiment;

FIG. 6 is a flow chart according to another



«a hard magnetic |ayer 160 that applies a bias nmagnetic 10 field to the free
| ayer 140 to suppress a Barkhausen noise and the |like. The GVR read el enent
al so has an el ectrode | ayer through which a bias current is conducted.

Here, the magnetizing direction (arrow) of the 15 pinning layer 120 is
fixed (pinned) in a direction orthogonal to the free layer 140 in a film
surface owi ng to exchange coupling totheg antiferromagnetic |ayer 110. Wen
the GWR read el enment nears the surface of 20 the disk nedium the

magneti zing direction of the free layer 140 varies depending on the
magnetic flux digseihdi: ofaf@gnetic recording on the surface. This in turn
varies the electric resistance of the GWR elenent. In this case, an already
supplied bias 25 currest epap) esndapaaragnetivsall ynsesardgd on the disk
mediumto be read on the basis of the variation in magnetizing direction (a
variation in ocligtdcttarietics of ga _GNRVEEHE G lemd(. addotdiddp B6e Vi ews
illustrating pinning reset of the GVR read el enent according to the present
enbodi ment. 5 & eripdinentsi steown eim shb® ng. t he structure of the head 13
and the positional relationship between the head 13 and the di sk nedium 11.
As showPin FIG 4D, tRETAAED DESCRIRIEON Off iTHE NMNRI@B0 separ at ed
froma GWR read el enent 260. In the wite 10 el enent 250, when a wite
current is suppliedirbodiments2gi therpreseghhginugneiore Wieldbes generated
in agap 252. At this time, the GVR read elenent 260 has its tenperature

i ncreased by He2FCYRPeduietRnerhEkdrefeBeReR dadcehai ERaVHRIGrite current .

15 FIGS. 4A to 4C a&ﬁ conce tual.dram%n%s of the Eln in%-tayer 120 and the
free layer 140, in whPch'the VR PBaiteFEREnES88BLEALFPEr tED°Es vi ewed from

th ight. As sh i Lnitiall i Zi 20 di ti 210
ofetLLgpinningélg¥g¥|€5g$%1aélx%%géﬁlgéd??% ?%%ggﬁlé%ggﬂéwe?ktgc on

tigd di tion; 22 h I : n.i.h FIG 4B,
The mmgret (zat o' 220-of 1t FeT B A N T age 18715y er Saslh dEak

di sturbance nogseyeOr the like. 25 Wth the magnetizing direction 210 of
the pinning layer 120 reversed, when a bias current 230 is conducted

through the freechayglirddfoRsoshovekiDrive)
A disk drive comprises a housing 10 incorporating
a disk medium 11, a spindle motor (SPM) 12, a magnetic
15 head 13, an actuator 14, and a circuit board 30 on
which various circuits are mounted, as shown in
FIG. 2.
As shown in FIG. 1, the disk medium 11 is rotated
by the SPM 12, The head 13 is mounted on the actuator
20 14 so that the driving force of a voice coil motor
moves the head 13 on the disk medium 11 in its radial
direction. The head 13 is a magnetic head in which
a GMR read element (GMR sensor) and a write element
are separately mounted on the same slider.
25 The disk drive further has, for example, a bias
current control circuit 16, a write current control

circuit 17, an element resistance measurement circuit



~ 10, FIG 4C, a current field 240 is applied to the pinning |layer 120. The
pi nning layer 120 is also heated by the bias current 230. At this tine,
when a wite current is supplied to the wite elenent 250 as shown 5 in
FIG 4D, the coil 251 of the wite elenment 250 functions as a heater. The
GWR el enent 260 is thus heated (arrow). This process returns the reversed
magneti zing direction 210 of the pinniing4 ayer 120 to it.s original 10
position as shown in FIG 4A. This is called pinning reset (or a pinning
reset effect). In the present enbodinent, the controller 20 of the disk

drive deter m e, optd MMy USE L0M2@ OGS LA LN AN Ao § tBo T ent such

as those descr above, 1 n accordance wth the contr provi ded by the

CPU 200. The coftrophery 20y tisis,SUpPLd esad he Bl @sogrsdsite capgents to
achieve the pinning reset. On this occasion, to avoid a voltage I nduced by

the wite curremd ang appehesy tDo tHeudMirepdaeteredit bbatdi s, 20
crosstalk, it is preferable that the wite current be direct (DC)
Furt hernore, tdifforehbrEakdorine ¢ircsiprieberdbie.that a vol tage val ue for
the bias current be set so as not to exceed 400 V. Moreover, it is
preferabd e that theThea€PEn200r iseacuaientenbeo25devhtenfousktiieaddsk
relatively conducted for a long tinme. FIG 7 shows the results of
experiments i dphvehta peniory 2 cennopgraesoh operacionl ¢y peef fRed. -
11 This figure shows p-H curves obtained by usingta égT (Quasi Static

y#

Tester) to neatede QhPReRbdRCEHR¥SERIahd BREPreEPD C41BeBE, c@Frent of

7.5 mMA to the GMR el enent the output of which has been reduced by 5 pinning
reversal, mhiI%e%%nﬂ?t%nE%%él?rE%EdH%F?H@ré RFPERSEURRENTOBEMEBEMA for 2

m nutes. QST neasure t conditions.are 500 Ce and 4.5 mA. In FIG 7, as is
apparent from &° Egﬁfgﬁﬁngh?egﬁ?g %gl obtained after the bias and wite

ChL ST 0, have DoRf COBRUELSH TR S L) 8 TRIRLLRT P B oFR2 e
from 1,500 uV £0nBroP00: it 16, the supply of a bias current to
the GMR read element, included in the head 13, in
accordance with the control provided by the CPU 200.
The controller 20 also controls, via the write current
15 control circuit 17, the supply of a write current to
the write element, included in the head 13. The
controller 20 further controls the element resistance
measurement circuit 18 to measure the resistance value
of the GMR read element and store the result of the
20 measurement in a memory 19 when a bias current and
a write current are supplied.

The memory 19 is accessed by the CPU 200 and
stores not only the resistance wvalue of the GMR read
element but also a bias current wvalue, a Qrite current

25 value, and relationship information indicative of the

relationship between the write current value and the

current values and a temperature coefficient.




(Read Error Recovery Method) 15 Wth reference to the flow chart in FIG 5,
description will be given below of a nmethod of recovering froma read error
by executing pinning reset on the GVR read elenment in the disk drive
according to the present enbodi ment, the GVR read 20 el enent havi ng
undergone pinning reversal owng to ESD, disturbance noise, or the like.
First, when a normal read operation is-pegforned and if a read error
occurs, then the CPU 200 causes a read retry operation to be perforned
(step S1). 25 Normally, the retry operation is repeated a predetermn ned

nunber of timegsthklictieer gkr¥gmapREatl enehahks to achi eve recovery - 12
fromthe read error, then in the present enbodi nent, the CPU 200 determ nes

that ESD, di sturbang&encigeread khemenke hhas ahewensed i amanatd zi ng
direction of the pinning |ayer of the GWR read el enent, included 5 in the
head 13, to redagert héOputpptinofing degdrsiigual a neavhhighgtii t he read error
(NOin step S2). Naturally enough, if the retry operation nakes the
recovery from théermadieteolayatcédd, thd EPHr2e0 lalyiefrt § 400 as rsdvomel
operation (for exanple, the next 10 read or wite operation) (YES in step
S2). ThedSCPU 200 FAStrdct(s vhewcehpwénber 30rfecehafigéheh&MBi asacurrent

val ue of the GVR read el enent (step S3). The CPU 200 then causes a read
operation (whi EhePENE| PRéFENE St PBRPERECN SRS UEdREE el 6k o be 15

performed again using the re el enent for which the bias current has
been changed (8F ﬁugg). §P$¥E9§ iggdaSSeﬁﬁFFBHGHaﬁQSaﬁhéoré@@ﬂM%Fqron1the

55, 20 On theCHENEr JRYRES PFOPRE GooTer y IPPoREnE SPend EFFSIE A 5, the
erbodi ment (N0 AoSropaBR R, DESEL BB BT s Rt gt B A R,
G Sk ol um | n Ao oo el at Ao atar de S At SR B Ton
(step S6). Heraoikkeaate@hien 1WMReCh ABUSHR FaLA e hRe® d8Go Hasl3 s, for
exanpl e, the outernost or innernost peripheral
an electrode layer through which a bias current is
conducted.
Here, the magnetizing direction (arrow) of the
15 pinning layer 120 is fixed (pinned) in a direction
orthogonal to the free layer 140 in a film surface
owing to exchange coupling to the antiferromagnetic
layer 110.
When the GMR read element nears the surface of
20 the disk medium, the magnetizing direction of the
free layer 140 varies depending on the magnetic
flux direction of magnetic recording on the surface.
This in turn varies the electric resistance of the
GMR element. In this case, an already supplied bias
25 current enables data magnetically recorded on the disk

medium to be read on the basis of the variation in

magnetizing direction (a wvariation in output current



area.on the disk nedium 11l and is of course different froma system ar ea.
The unl oad position is a position provided outside the disk nmedium 11 at
which the head 5 13 is parked. A nenber holding the head and called a ranp
menber or a parking nenber is arranged in the unload position. The CPU 200
supplies a bias current and wite current to the head 13 via the controller
20 to 10 heat the GVR read elenent. Onnthds occasion, the controller 20
stores the values of currents supplied by the bias current control circuit
16 and wite current control circuit 17, in the nmenory 19. The controller
20 al so controlsythergl enment resistance 15 nmeasurenent circuit 18 to
measure the resistance value of the el enment resistance neasurenent circuit
18 in association wrthst heabiassandrer iiaweuinenttyakyas granshare the
result of the neasurenent in the nmenory 19. Wth reference to the

rel ationship i nésetnbEoth20GHRr eady slemedti ActbediByoey tHeapdekvdicating
the rel ationship between the resistance value and bias current and wite
current and teeapkodfimertcoefficient of the GWR read el enent, the CPU 200
calculates the rel ati onship between the resistance value and bias 25
current and wite clifendDahd eempdeaview sbelfingi he Esrept8Tp. offbreover,

with reference to the relationship - 14 information stored in the nenory
19, the CPU ZODhﬁehgaﬁeé3(éaﬁcﬁhatE@FlﬁhoaéﬂuéﬁlﬁéﬁpéﬁhﬁnrbeFHeﬁhse in
el enment tenperature) qQccurring in GWR read el enent on the basis of the

rel ati onship bEPﬁeBﬁaghé3SaF@ngﬁaﬁéékVEPGéuﬁnélbla@scﬁhpﬁﬁtland wite
current and teﬁggraﬁﬁre coe flglist é ﬁ The CPU 200 deternlnes t he
optimum bi as a e tBPFrBREAVAPULRC BaﬁﬁrédwF6FeeF @@Fpge BPnni ng reset
on the basis of |onsh| etme he t of the

G\R read el eneRt 8£§ﬁe 5Pﬁn|n§Mge§8F 38?n?g?§gatu s%%g fasi s of
the optygum bi @§eﬁ@ﬂt‘t"'g55€ gHEReDt w¥§|tﬂe§ug§fsﬁrtrrigegug¥%&%§ ¢y 200, the

cont rol 20 causes @ bias current control circurt and the wite

current controh Eb&§U25117atQeEHEHHMgangﬁétEHrE?@&daﬂg eWEk%%e&u ihent to
performa pinning reset operation (step . The CPU 200 drivingly

control s the agtygapors24 tﬁt”@MQstBQmEﬁa@hé3GMR tBe4oEl gieak peadnpa@sition
on the disk nedium 11 20 (step S12) t he CPU 200 causes a read

operation to betpetkapaedtagai intstape81BY. hehtt Hhgrbeadgepetatican igakes it
possible to recover fromthe read error, the CPU 200 shifts to the normnal
operati on ( YESacpostiepc81@8)lthOohtheratkeru2rehand, if the recovery fromthe
read error fails, the CPU 200 determnes that it is inpossible to recover
from th&Sread error FA68 -t Hat tohidS egewsandeptyalll ddawingss ofa thar d err or
(NOin step S13). In short, as described above, with the read error
recovery met hoBLRBABEdLAYSE0 1 ERe2pFesBRt TERBoAPIEAt 140F the "AdChaltheead

retr operatio ails to.achiev recover fr ma.read error, a pinnin
restyopgratlonEME read elemen% 36% in FIG. y ?s viewed from the P g

right.
As shown in FIG. 4A, initially, a magnetizing

20 direction 210 of the pinning layer 120 is fixed in
a direction orthogonal to a magnetizing direction 220
of the free layer 140. Then, as shown in FIG. 4B, the
magnetization 210 of the pinning layer 120 is reversed
by ESD, disturbance noise, or the like.

25 With the magnetizing direction 210 of the pinning
layer 120 reversed, when a bias current 230 is

conducted through the free layer 140 as shown in



is performed on the GVR read el enent to recover fromthe read error. In
this case, to produce the pinning reset effect, the optinumbias and wite
current values are determned to performa pinning reset 10 operation.
Specifically, before a pinning reset operation is perfornmed, the optinm
bias and wite current values are determ ned on the basis of the
tenperature state (resistance value) of the GVR read el enent. 15
Consequently, pinning reset can be effectively acconplished. Furthernore,
the optinmum bias and wite current values can be set so as to avoid the
physi cal breakdpwn of, thecGMenead; 81emend. i Thepept tqupybias goAnthit e
currents are 20 sinultaneously supplied to the %ead 13. To avoid a Vvoltage
i nduced by thelawételgolremhe apthapRyi edyte 1he MR.188dnehesBnby that is,
crosstalk, it is preferable that the wite current be direct (DC?
Furthernore, tohavioldsbeeakenwn230t istpteierabhe, thRén25 arvekt age val ue
for the bias current be set so as not to exceed 400 V. Mreover, it is
pref erabl e t hatuthenbi s suppWietletocuthenwsibe ebahentioRSDPyaandhpehati vely
- 16 conducted for a long tine. FIGS. 8 and 9 show exanpl es of results of
cal cul at? ons ofntREGt efiPer barecdt 2he CARtheadrétenehementr2§€ in el ement
tenperature) resulting from5 the wite and bias currents, respectively,
during pi nni ngtPeSkicREcRdFdrngeeberhe BheseMR ekbBEREeAFO LAnShHE!
Enbodinment) FIG 6 is a flow chart for another enbodi nent. The present
enbodi ment  pr o¥¢@EE9a (FBFABY: 10 i ncl uding, after the step of performing the

i nning rest operatj|pn shown at st S10.in FIG 5, an additiqgnal step of
Ehangigg t he bPas CEBFEnPraﬁﬁpﬁ FF%BEBBV hﬁ FEYRTERE P@gaeéﬂﬁ&ngailsP

Specifically, h [ he CPU 200 h i_nni,
erati on, Ui SPRETy eBnt BI ST RAGEEIALF 14985 Adde Phé HeBd B3 Ed e

operation, drivingl'y control st t he

ori ginajo7ead position 90 Lig.di sk FRAIUINI (51ep:S2ha 1 TREBAHIRACPY 200

causes a read operation to be perforned again (Step ead
operation nmakeset8€ 29r’ 8CRYBAYN rggggheef§@gt§[ror succeed, the CPU 200

shifts to the normal operation (YES in step S23).

In the present embodiment, the controller 20 of
the disk drive determines optimum values for a bias
current and a write current such as those described

15 above, in accordance with the control provided by the
CPU 200. The controller 20 thus supplies the bias and
write currents to achieve the pinning reset. On this
occasion, to avoid a voltage induced by the write
current and applied to the GMR read element) that 1is,

20 crosstalk, it is preferable that the write current be
direct (DC). Furthermore, to avoid breakdown, it is
preferable that a voltage value for the bias current
be set so as not to exceed 400 V. Moreover, it is
preferable that the bias and write currents be

25 continuously and relatively conducted for a long time.

FIG. 7 shows the results of experiments in which

a pinning reset operation was actually performed.



1f the recovery fromthe read error fails, the CPU 200 causes the operating
bi as currents through the GWR read el enents to be changed (step S24). 25
After the pinning reset, the sensitivity of the GVWR read el enents may
change fromits original state. Accordingly, the operating bias current
value is - 17 changed to recover the original sensitivity of the GWR
read element. Then, if reperformng a-reag operation has made the recovery
fromthe read error succeed, the CPU 200 5 shifts to the normal operation
(YES in steps S25 and S26). If the recovery fromthe read error stil

fails, the CPUrROQ @@%@EQ‘ Qﬁéwghatﬂtleﬁ§vze§ ébf‘éiﬁe&rf: rubNyi g gé@p 526)

As descri bed above, e possibility of recovering roma“read error

i ncreased by ex@gughngtatmalmgstéﬁﬁtt@nméasugﬁFbﬁﬁﬁﬂtﬁaénBanHedSﬁQOIng
pi nning reversal owi ng to ESD, disturbance noise, or the like. Therefore,

the present inu€teiropuppleihgchi¥easncneeemerycf 7o, aareadtger gurcaused by
the reversal of 15 the nagnetization in the pinning | ayer of the GWR read

el enent. In ot hkemantdshet betppti afinwhiohi hgsrbseh epeuatdopycan be
performed which successfully executes pinning reset on the GVR read el enent
succeed and 20pwhhihgcaavavead, pvbblensinuthansothdypbhysduakihyeakdown of
the el enment. Additional advantages and nodifications wll

write current of 60 mA for 2 minutes. QST measurement

conditions are 500 Oe and 4.5 mA.

In FIG. 7, as 1is apparent from a measurement

result 701 obtained after the bias and write currents

10 have been conducted compared to a measurement result
702 before the conduction, an output (amplitude) of
the GMR read element has increased from 1,500 uV to
5,000 uv.

(Read Error Recovery Method)

15 With reference to the flow chart in FIG. 5,
description will be given below of a method of
recovering from a read error by executing pinning
reset on the GMR read element in the disk drive
according to the present embodiment, the GMR read

20 element having undergone pinning reversal owing to
ESD, disturbance noise, or the like.

First, when a normal read operation is performed
and if a read error occurs, then the CPU 200 causes
a read retry operation to be performed (step S1).
25 Normally, the retry operation is repeated a predeter-

mined number of times.

If the retry operation fails to achieve recovery



readily occur

to those skilled in the art. Therefore, the invention in its

broader aspects is not limted to 25 the specific details and
representative enbodi nents shown and descri bed herein. Accordingly, various

nodi fi cations
of the general

head havi ng a

may be made wi thout departing fromthe 18 spirit or scope
i nventive concept as defined by the appended cl ai ns and
their equival ents - 19 WHAT IS CLALMED,I S- 1. A disk drive conprising:
gi ant magnetoresistive (GVR) read el enment which reads data
froma disk mediumand 5 a wite element which wites data to the disk
medi um an act gaber+AEChaRliSaY eer Wi hbnt IR PREJLESSBRUNLEAADHeNhi ch MoVes

to a specified position on the disk

medi um current supply units which

supply a bias gnerept 10oagdtarmihts €HAtensD} oqtBeuEhRnEeadoeskement and
the wite elenent, respectively; and a control unit which determ nes,
the basis of acreshétanke Makueeobrtbe VR negdeelenpyt diabcepbhnym bi as
and wite currents required to successfully 15 execute pinning reset on the
GWR read el enebbeapinning layer of the GMR read element, included

5

10

15

20

25

in the head 13, to reduce the output of a read signal,
resulting in the read error (NO in step S2).
Naturally enough, if the retry operation makes the
recovery from the read error succeed, the CPU 200
shifts to a normal operation (for example, the next
read or write operation) (YES in step S2).

The CPU 200 instructs the controller 20 to change
the bias current value of the GMR read element (step
S3). The CPU 200 then causes a read operation (which
is different from the normal retry operation) to be
performed again using the GMR read element for which
the bias current has been changed (step S4). If this
read operation makes the recovery from the read error
succeed, the CPU 200 shifts to a normal operation (YES
in step S5).

On the other hand, if the recovery from the read
error fails, the CPU 200 shifts to the pinning reset
operation according to the present embodiment (NO in
step S5). First, the CPU 200 drivingly controls the
actuator 14 (actually the VCM 15) to move the head 13
to an area on the disk medium in which no user data is
recorded, or to an unload position (step S6).

Here, the area in which no user data is recorded

on

a



whi ch allows the optinmum bias and wite currents to be supplied to the
head. 2. The disk drive according to claim1, wherein the control unit

i ncl udes a nmenory which stores a 20 resistance value, a tenperature
coefficient, a bias current value, and a wite current value of the GW
read el enent in association with one another, and when the bias current and
the wite current are supplied, the resisgance val ue of the GWR read

el enent 25 is neasured, and the optinum bias and wite currents required to
produce the pinning reset effect are determ ned on the basis of the

relationship Wigh for 2Ramblg, I €8 SERAPEEMYAL UST §nné—f‘1ﬁ09{:$ﬁ5e95_%ﬁ@r§§cor di ng
to claiml1, wherein the control unit includes a nenory which stores a

resistance val aifea aoh CARET 3L vk emeQLhhi €1 efhd BsbbascHueHEr gREr¥akye, and a
wite current value of the GVR read el enent in association with one

anot her, and whesmtheshsbsmcaregnt and theowtli b6sCHibRNE sanepsypphbad, the
resi stance value of the GVR read el enent is neasured, a tenperature val ue

of the GWR readrdfiéténentsigecaheuiaskdnedndmt be aptwnuahbthse asddwite
currents required to produce the pinning reset effect are determ ned on the
basi s of5the r&Batsopshkpdw th naebéenpeidingetihal head and called
a ramp member or a parking member is arranged in the
unload position.
The CPU 200 supplies a bias current and write
current to the head 13 via the controller 20 to
10 heat the GMR read element. On this occasion, the
controller 20 stores the values of currents supplied
by the bias current control circuit 16 and write
current control circuit 17, in the memory 19. The
controller 20 also controls the element resistance
15 measurement circuit 18 to measure the resistance value
of the element resistance ﬁeasurement circuit 18 in
association with the bias and write current values and
store the result of the measurement in the memory 19.
With reference to the relationship information
20 already stored in the memory 19 and indicating the
relationship between the fesistance value and bias
current and write current and temperature coefficient
0f the GMR read element, the CPU 200 calculates the
relationship between the resistance value and bias
25 current and write current and temperature coefficient
(step S7).

Moreover, with reference to the relationship



4. The disk drive according to claim1, wherein 15 when a read error occurs
during a read operation of reading data fromthe di sk nmedium the control
unit causes the actuator nechanismto nove the head to a specified position
on the di sk nediumor outside the range of the di sk nmedium and then causes
the current 20 supply units to supply the optinmumbias and wite currents
to the head. 5. The disk drive accordingiyo claim1, wherein when a read
error occurs during a read operation of reading data fromthe di sk nedi um
if recovery 25 fromthe read error fails even though a read retry operation

is performed, {he eRAtigh YRbLeQaYseEnbhReAGLYALO! PREhAPHSHHHO nove the
head to a specified - 21 position on the disk nmediumor outside the

range of the dhégsﬁﬁébUmtamdulhﬁés$a§ﬁe§ctﬂ§lcﬁéﬁgekaﬁuﬁé|ﬁaUBEEé_tO supply
the optimum bias and wite currents to the head. 6. The disk drive

according to chiai sldmenbeteinpeirheueent cetuunihgcanseset BEROPERAUM bi as and
wite currents to be supplied to the head, and if recovery fromthe read
error fails, chasgenttba bhasbeniseof vthkueelatiepehfiprbraweeadtnperati on.
10 7. The disk drive according to claim5, wherein the control unit causes
t he optidum bi assaatiancet ¥atuer entisbiesbeusuppki eddt wrihe headenand if
recovery fromthe read error fails, changes the bias current value to
reperform a reafldopenperativrescgeffigdenod (6tepe&@)error recovery in a disk
drive including a disk nediumand a head which has a GWR read el enent and a

wite el ement, the FBEhEEUCERPr E8tRgMinSSnFhenePEIRUFekd a8 epentvrideper f or m
a read 20 operation of reading data fraomthe _di sk nmedium,and t hen
deternining_thPﬁE?ngrvﬁgFeﬁ ?@3&}Efpogoﬁa§%68€§FV@dpﬁﬁﬁﬁthéeFEEdo@rror
ocours, U0V P9chienUead Le ByEPESALLEH ERILLLGR Bhe RpOtElpIt Y
and wiiig currgnbier gauthedchf susacaskibhy gxacuhe BuRRiAg teset of the
effect (step S9).
On the basis of the optimum bias and write
current values determined by the CPU 200, the
controller 20 causes the bias current control circuit
15 16 and the write current control circuit 17 to supply
a bias current and a write current to perform a
pinning reset operation (step S10). The CPU 200
drivingly controls the actuator 14 to move the head 13
to the original read position on the disk medium 11
20 (step S12). Then, the CPU 200 causes a read operation
to be performed again (step S12).
If this read operation makes it possible to
recover from the read error, the CPU 200 shifts to
the normal operation (YES in step S13). On the other
25 hand, 1if the recovery from the read error fails, the

CPU 200 determines that it is impossible to recover

from the read error and that this is what is called



‘GWR read el enent on the basis of a resistance value of the GWR read

el ements and suppl ying the opti mum bias and wite currents to the GWR read
el enent and the wite elenent, 5 respectively. 9. The nethod according to
claim@8, further conprising acquiring information on rel ationshi ps between
the resi stance value and a bias current value and a wite current val ue of
the GVR read el ement from 10 a nenory_stpging this information, wherein in
the determ nation, when the bias current and the wite current are
supplied, the resistance value of the GWR read el enent is neasured, and the

optimum bi as and, W te, Curr siﬁegy%ﬁ 13p. 15 produce the pinning reset
effect are determ ned on the basis of the resi stance val ue and the

information. 10. The,nghhpd agsondipgibedchBbitd, witht PRL £OHR' LEkRY
acquiring information on reiatlonshlps bet ween the resistance value and a

tenperature 20r&06¢é 1 ¢iRothENtadcdE@Bn§ UES ke Vot d€e@Ndembdihene Yl I ent
value of the GVR read elenment froma nenory storing this information; and

when the bias tirtlesntnantal heeadli t€teYropatattensipplseto seRsSYvrEng the
resi stance value of the GVR 25 read el enent, and cal culating a tenperature
val ue of5the GMoeady efeomnd omadherbas) saopibhengesest anpersblion,

is performed on the GMR read element to recover from

the read error. 1In this case, to produce the pinning

reset effect, the optimum bias and write current

values are determined to perform a pinning reset

10 operation.

Specifically, before a pinning reset operation
is performed, the optimum bias and write current
values are determined on the basis of the temperature
state (resistance value) of the GMR read element.

15 Conseqdently, pinning reset can be effectively
accomplished. Furthermore, the optimum bias and write
current values can be set so as to avoid the physical
breakdown of the GMR read element.

The optimum bias and write currents are

20 simultaneously supplied to the head 13. To avoid
a voltage induced by the write current and applied
to the GMR read element, that i1s, crosstalk, it is
preferable that the write current be direct (DC).
Furthermore, to avoid breakdown, it is preferable that

25 a voltage value for the bias current be set so as not

to exceed 400 V. Moreover, it is preferable that the

bias and write currents be continuously and relatively



- 23. wherein in the determ nation, the optinumbias and wite currents
required to produce the pinning reset effect are determ ned on the basis of
the cal cul ated tenperature value and the information. 5 11. A nethod
according to claim8, further conprising perform ng a predeterm ned read
retry operation when the read error occurs, wherein the novenent, the
determ nation, and the supply are carcieggout when the read retry operation
10 fails to achieve recovery fromthe read error. 12. A nethod according to
claim8, further conprising changing the bias current value if recovery
fromthe read g&ﬁgﬁcggal§09f5e105€et9£g[nun1bias and wite currents have
been supplied in the supply step 15 and reperformng a read operation on

the basis of the changed bi agadcyr sBBY ¥ahMBlesAoh rBsuftsABE. A
AN . AL. A(".ANL. Au" . A, LA s. A s A(s. A
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. recovery from the read error succeed, the CPU 200
shifts to the normal operation (YES in step S23).
If the recovery from the read error fails,
the CPU 200 causes the operating bias currents through
the GMR read elements to be changed (step S24).
25 After the pinning reset, the sensitivity of the GMR
read elements may change from its original state.

Accordingly, the operating bias current value is
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= 5 shifts to the normal operation (YES in steps S25 and

S26). If the recovery from the read error still
fails, the CPU 200 determines that this is a hard
error (NO in step S26).

As described above, the possibility of recovering

10 from a read error is increased by executing pinning
reset on the GMR read element undergoing pinning
reversal owing to ESD, disturbance noise, or the like.
Therefore, the present invention is effective on
recovery from a read error caused by the reversal of

15 the magnetization in the pinning layer of the GMR read
element.

In other words, the optimum pinning reset
operation can be performed which successfully executes
pinning reset on the GMR read element succeed and

20 which can avoid problems such as the physical
breakdown of the element.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

25 the specific details and representative embodiments

shown and described herein. Accordingly, wvarious

modifications may be made without departing from the
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1. A disk drive comprising:
a head having a giant magnetoresistive (GMR)
read element which reads data from a disk medium and
5 a write element which writes data to the disk medium;
an actuator mechanism on which the head is
mounted and which moves to a specified position on the
disk medium;
current supply units which supply a bias current
10 and a write current to the GMR read element and the
write element, respectively; and
a control unit which determines, on the basis of
a resistance value of the GMR read element, an optimum
bias and write currents required to successfully
15 execute pinning reset on the GMR read element and
which allows the optimum bias and write currents to be
supplied to the head.
2. The disk drive according to claim 1, wherein
the control unit includes a memory which stores a
20 resistance value, a temperature coefficient, a bias
current value, and a write current value of the GMR
read element in association with one another, and
when the bias current and the write current are
supplied, the resistance value of the GMR read element
25 is measured, and the optimum bias and write currents
required to produce the pinning reset effect are

determined on the basis of the relationship with
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3. The dlSk drive according to claim 1, wherein
the control unit includes a memory which stores a
resistance value, a temperature coefficient, a bias
5 current value, and a write current value of the GMR
read element in association with one another, and
when the bias current and the write current are
supplied, the resistance value of the GMR read element
is measured, a temperature value of the GMR read
10 element is calculated, and the optimum bias and write
currents required to produce the pinning reset effect
are determined on the basis of the relationship with
the temperature value.
4. The disk drive according to claim 1, whérein
15 when a read error occurs during a read operation of
reading data from the disk medium, the control unit
causes the actuator mechanism to move the head to a
specified position on the disk medium or outside the
range of the disk medium and then causes the current
20 supply units to supply the optimum bias and write
currents to the head.
5. The disk drive according to claim 1, wherein
when a read error occurs during a read operation
of reading data from the disk medium, if recovery
25 from the read error fails even though a read retry
operation is performed, the control unit causes the

actuator mechanism to move the head to a specified
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. The disk drive accordlng to claim 4, wherein
the control unit causes the optimum bias and write
currents to be supplied to the head, and if recovery
from the read error fails, changes the bias current
value to reperform a read operation.

10 7. The disk drive according to claim 5, wherein
the control unit causes the optimum bias and write
currents to be supplied to the head, and if recovery
from the read error fails, changes the bias current
value to reperform a read operation.

15 8. A method of read error recovery in a disk
drive including a disk medium and a head which has
a GMR read element and a write element, the method
comprising:

using the GMR read element to perform a read

20 operation of reading data from the disk medium and
then determining whether or not a read error has
occurred;

when the read error occurs, moving the head to
a specified position on the disk medium or outside
25 the range of the disk medium; and

determining an optimum bias and write currents

regquired to successfully execute pinning reset of the
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. The method according to claim 8, further
comprising acquiring information on relationships
between the resistance value and a bias current value
and a write current value of the GMR read element from
10 a memory storing this iﬁformation,
wherein in the determinatioﬁ, when the bias
current and the write current are supplied, the
resistance value of the GMR read element is measured,
and the optimum bias and write currents required to
15 produce the pinning reset effect are determined on the
basis of the resistance value and the information.

10. The method according to claim 8, further
comprising acquiring information on relationships
between the resistance value and a temperature

20 coefficient and a bias current value and a write
current value of the GMR read element from a memory
storing this information; and

when the bias current and the write current are
supplied, measuring the resistance value of the GMR

25 read element, and calculating a temperature value of

the GMR read element on the basis of the resistance

value,
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comprising performing a predetermined read retry

operation when the read error occurs,

wherein the movement, the determination, and the
supply are carried out when the read retry operation
10 fails to achieve recovery from the read error.

12. A method according to claim 8, further
comprising changing the bias current value if recovery
from the read error fails after the optimum bias and
write currents have been supplied in the supply step;

15 and

reperforming a read operation on the basis of the

changed bilas current value.



