1 *166166* TITLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C HEAD AND
PERPENDI CULAR MAGNETI C DI SK APPARATUS BACKGROUND OF THE | NVENTION 5 The

. present invention relates to a perpendicular rmagnetic head and a

per pendi cul ar magnetic di sk apparatus. A perpendicul ar recordlnm ﬂnetlc

di sk apparatus conprises a magnetic disk (a so-called perﬂmmmmﬂ Nﬂ@ mw

two-1ayered filmmedium), and a perpendicul ar magnetic hea
di sk includes a soft underlayer nmade of a hlgh-perneablllty mats@krd+al , and
a perpen-. dicular recording layer having perpendicul ar nagnetlc

ani sotropy. The perpendicul ar - ic head has 15 a main.. pole nmade of a
hi gh-perneability material, a re&&&%Eyéwé THE F NN | ng coil, which
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the anisotropy fbekg abphRgrpedi UM easily renalns at the distal end portion
of. the main pole after a wite operation, and degrades information

al ready recorded on the nmedi usacHddrsuperpendigutgyiefitebd conponent
remaining in the main pole is irregular in both 25 nmagnitude and frequency
of occurrence. TherefBhe, piresent invention relates to a perpendicular
magnetic head and a perpendicular magnetic disk
apparatus.
A perpendicular recording magnetic disk apparatus
comprises a magnetib disk (a so-called perpendicular
10 two—layered film medium}, and a perpendiculaf magnetic
head. The magnetic disk includes a soft underlayer
made of a high-permeability ﬁaterial, and'a perpen-.
dicular recording layer having perpendicular magnetic
anisotropy. The perpendicular magnetic head has-
15 - a.main“pole made_of a high—permeability material,
a'return.yoke, and an_exciting coil, which prddﬁées
a perpendicular magnetic fiéld.
. In a conventional'perpendicuiar magnetic head,
however, a perpendicular field component larger than
20 the anisotropy field éf the medium easily remains at
the distal end portioﬁ of the main pole after a write
operation, and degrades information already fecorded '
on the medium. This perpendicular field component
remaining in the main poie is irregular in both
25 magnitude and frequency of occurrence. Therefore, it
is difficult to suppress the residual perpendicular

magnetic field in the main pole only by controlling
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is difficult to suppress the residual perpendicular magnetic fleld_ln t he

main pole only by controlling I 1ELELLL FHED VLD VELE VIR VLD LT T

. *@0002* 2 the material or shape of the main pole. It should be noted that

a technique is known which heats a nmagnetic pole in order to prevent the

phenonenon in which stress acts on the magnetic pole 5 due to a _

t enperature change of the magnetic pole before and after witing data, a

magneti c domain forned during the wmiprhg:%eﬁhlns, and the novenent of

this magnetic domain is detecteﬂ aslgolseh(Qpn. Pﬁt' AfplPhngﬁ?:re
lication No. 4:305809). In this t echni que, however,

EﬂPfage of the r%?ﬁr%atﬁ%k%ii%rh%%T%%,o ot R PH RS- ext end toward the

di sk because of therpnl sLon_i xcessivel y heated. BRI EF SUMVARY OF
THE | NVENTI ON A per pen i%ﬁ%@?gnggnB %%S ﬁe% %c%%?ﬁ?h%u?olan N3N aspect

of -the present. | RYEAtHOMN SOMMLLSESE; @ ite, Jhead conprisin mai n
? 7T i ch 2’ e pe

pole, a return yoke and an exciting co produc di cul ar

magnetic fiel d;preasoeheat 8% |0cat ed: Peas 5&%%rgﬂrEﬁ%”ﬁ%gf%ﬁfES?@PéCU|ar
magnetic di sk apparatus according 20 to another aspect of the esent
invention Tonprides:to a pesmesth cutarclawgd ayerete fid fhdeds W conpri si ng
before and after writing data; a magnetic domain
fbrmed during the writing remains, and the movement of
this magnetic domain is detected as noise (Jpn. Pat.
Appln. KOKAI Publication No. 4-305809). TIn this
10 technique, howéver, the entire surface of the return
yoke is heated, so the pole may extend toward the disk
because of thermal-expansidn if excessively heated. |
BRIEF SUMMARY OF THE INVENTION'.
A perpendicular magnetic. head agcording to an
'15 aspect of the présent inVention éomprises} a write
.head comprising a main pole, a.return yoke and an
‘exciting coil, ‘which produces ‘a perpendicular mégnetic
field; and a heatér located near the main pole.
A perpeﬁdicular magnetic disk apparatus according
20 to-another_aspect.of the present invention comprises:
~a perpendicular two-layered film medium comprising
a soft underlayer and a perpendicular magnetic
recording layer; a write head comprising a main pole,
a return YOke and an exciting coil, which produces
25 a perpendicular magnetic field; and a heater located

near the main pole.



a soft underlayer and a perpendicular nagnetic recording layer; a wite
head conprising a main pole, a return yoke and an exciting coil, which

. produces 25 a perpendicular magnetic field; and a heater |located near the
main pole. - 3. BRIEF DESCRI PTION OF THE SEVERAL VI EW6 OF THE DRAWNG FI G
1 is a perspective view showing a magnetic head according to a first

enbodi nent; FI'G 2 is a sectional V|eM/shoW§ng a magnetic 5 head and a
magneti c di sk of ‘a perpendi cul ar magnetic =i sk apparatus according to the
first embodinent; FIG 3 is a plan view show ng an exanple of a heater used

in the magnetic @@ﬁ% t 10 FIG_4 s a

bl ock di agram showi'ng an g%afr%lltoq\] éiﬂ%m#%ﬁ% j/cILﬁ S}focflr: qgge %5@8%‘1;3 gSBed
in the magnetic = headrggcofdi ng t 9.t st € LOED and 5
are schematic views eagﬁ shom?n% 8%ne§ay£st%tes gf ﬁggng9|c UoRBFhsSin-a

mai n pol e; 15 FI}Q;a@Aact@o@dg{@p{bs@omggtt%éggqegyt put waveform of a
signal already recorded on the medi um 6B is a graph show ng the

change in wite currens. dﬂri@gaoyeéMIbﬁang1£WC%h§£&h§ 8 HE§RE: showi ng the
read out put 20 waveform of a signal already recorded on the nedi um
5 head and a magnetic disk of a perpendicular magnetic
disk apparatus according to the first embodiment:
FIG. 3 is a plan view showing an example of
a heater used in the magnetlc head accordlng to the
flrst embodiment;

10 FIG. 4 is a block diagram showing an example of
a cont;ol-circuit for the heater used in the magnetic
head aécording to the first embodimeﬁt;

FIGS. 5A and 5B are schematic views each showing
energy states of magnetic domains in a main pole;

15 _FIG. 6 is a gﬁaph showing the read output

| waveform of a signal already recorded on the medium;
FIG. 6B-is a graph showing the change in write
current during-overwriting;
FIG. 6C is a graph showing the read output

20 waveform of a signal'already recorded on the medium
and detected after overwriting is performed using
a con&entiénal magnetic head;

FIG. 7A is a graph showing the read output
waveform of a signal already recorded on the medium;

25 FIG. 7B is a graph showing the change in write

current during overwriting;

FIG. 7C is a graph showing the read output



and detected after overwiting is perfornmed using a conventional magnetic

head; FIG 7A is a graph showi ng the read output waveformof a signal

. already recorded on the nedium .25 FIG 7B is a graph show ng the change

inwite current during overwiting; FIG 7Cis a graph showi ng the read

output - 4 waveformof a signal already recorded on the nedium and

detected after overwiting is perforned by using the magnetic head

according to the first enbodinent; FIG 8 is & bl ock di agram show ng

anot her exanple 5 of a control circuit for the heater used in the _

magneti ¢ head accord'#]n to.the fi rs]é?e odi ment; FI. is a sectional view
t

G 9 [
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showi ng a nagnetic

di sk i dj t; 10 FLG 10 is a sectional
Tl ow ohowi ng-a mEaR O e B L IR L Be E ATt Dol RafSF

magnetic disk a@p@r@wﬁe@f@%@wgaé@o@di%fQOEGPQdkﬂFQEi?xﬁé&ﬁrﬁéﬁgs a

perspective view showi ng a magnetic head according to a fourth odi nent ;
15 FIG 12 is a plan yiew showi agoascex@mpheanf§ shawhsat ghotsed LRakpee

magneti c head according to the fourth enbodinent; and FIG 13 is a plan
vi ew showing ancther exanpbe ofrcuit for the heater used in the
magnetic head according to the first embodiment;

FIG. 9 is a sectional view showing a magnetic
head and a magnetic disk of a perpendicular magnetic
disk apparatus according Lo a second embodiment;

10 FIG. 10 is a sectional view showing a magnetic
"head and a magnetic disk of a perpendicular magnetic
disk apparatus accordiné to a third embodiment;

FIG. 11 is a perspective view showing a magnetic
head according to a fourth embodiment;

_ 15 _ FIG. 12 is a plan view showing an example of
a.heater used in the-magnetic head according.to the
fourth embodiment; and |

FIG. 13 is a plan view showing another example of
a heater used in the magnetic head according to the

20 fourth embodiment.
| DETAILED DESCRIPTION OF THE INVENTION

Embodiments of thé present invention will be
described below with reference to the accompanying
draWings.

25 .(First Embodiment)

FIG. 1 is perspective view showing a magnetic

.head according to a first embodiment of the present



a heater used in the magnetic head according to the 20 fourth enbodi nent.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of the present invention
W |l be described below with reference to the acconpanying draw ngs. 25
(First Enbodinment) FIG 1 is perspective view showing a magnetic head
according to a first embodi'ment of the present - 5 invention. FIG 2 1is a
sectional view showing a nmgnetic head and a magnetic disk used in a

per pen- dicul ar nagnetic di sk apparatus accodrding to the first enbodinment.
FIG 3 is a plan view show ng an exanple 5 of a heater used in the magnetic
head according to the .first_enbodiment. FIG 4 is a block diagram show ng
an exanpl e of a CtBRERBECRirchif-foritha ﬁ@éFéPnééeHlPH shaeifpgighAeti c head

d th d t._ As_sho i the magnetic disk is
Zcigrsgngafﬁed Ser% %lcﬂFgaagggdl3y@?%8e¥nFn$ﬁ§E Hﬁ?ﬂa%?n@ PERPEBFt
under | ayer 23 and; . perPeRgdicul ar isﬁogggggathéysr'Zg igggg?pgﬁaﬁgggg trate

25. The perpendi cul ar recording a er as-ani €6t r opy
t he di sk surf aceemdbdd ThentBgNLLEC @eﬁg gh T@n'915®c§hoélﬁgdag é§aﬁple

separated nmagnetic head in-which a wite head and
5 of a heater used in the magnetic head according to the
first embodiment. FIG. 4 is a block diagram showing
an example of a control circuit fqr the heater used in
the magnetic head according to thé first embodiment.
As shown in FIG. -2, the magnetic disk is a
10 so-called perpendicular two-layered film medium having
-a soft.uﬁderlayer 23 and a perpendicular recording
layer 22 formed on a substrate 25. The perpendicular
recording layer 22 has anisotropy perpendicular to
-the disk surface. | |
15 The magnetic head shown in FIGS. 1 and 2 is
a separated magnetic.head in which a write'head and
a read head are separated.
The write head comprises a main pole 1, a return
yoke 2 located on the leadihg side of the main pole 1,
20 and an exciting coil 6. A heater 13 1is located,.in
contact with or not in contact with the main pole 1,
on the trailing side of the.main polé 1. The heater
13 opposes that a narrowed neck portion (or a tapered
portion) of the main pole 1 thét changes from a wide
25 portion far from the air-bearing surface (ABS) to
a narrow -portion close to the air-bearing surface

(ABS) . The main pole 1 is made of a high-permeability



a read head are separated. The wite head conprises a main pole 1, a return
yoke 2 located on the leading side of. the main pole 1, 20 and an exciting
.coil 6. Aheater 1.3 is located, in contact with or not in contact with the
main pole 1, on the trailing side of the main pole 1. The heater 13
opposes that a narrowed neck portion (or a tapered portion) of the main
pole 1 that changes froma wide 25 portion far fromthe air-bearing
surface (ABS) to a narrow portion close to Qhé'alr-bear!ng surface (ABS)
The main pole 1 is nade of a high perneability 6 material, and produces a

magnetic field per end| ul ar he magnetic disk _surface. The return yoke
2 ?orns a nagng?? Shatn b%?%e%ﬁo He® fa m%%?%ticaﬁae%ﬂep§6P?ndaﬁHéPFayer

d t
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portion between t naln po

main pole 1 to psogdiese FRINSIEE %éH%eeﬁstﬁQOMth”%oféci gndfgéﬁgéﬁggle the

heater 13 is made of a .conductor which 1s a zigzagged wre eat er

is 10 connecteduﬁ@Eﬁu&y@ﬁtzgl@ﬁttﬁgeﬁa Ae 804 JbskTheTﬁéanE§€9n OEBEHSGS a
magnetoresistive film 5, and shield filnms 3 and 4 arranged on the trailing

si de and the | eadli hy wued aespedtsvebynesving portsandveehethethe
magnet oresi stive film5.
main pole 1 and the return yoke 2, and excites the
main pole 1 to produce magnetic flux. As shown in
FIG. 3, for example, the heater 13 is made of a
.conductor which is a zigzagged wire. The heater 13 is

10 connected to current electrodes 7a and 7b.

The read head comprlses-a magnetore51stive film
5, and shieid films 3 and 4 arranged on the trailing
side and the leading side, respectively, so as to ,
sandwich the magnetoresistive film 5.

15 As shown in FIG _4;_a control circuit for the
heater is constltuted by a current controller 51
controlling a current to the heater 13, a decision
circuit 52 deciding the operation of the current
controller 51, a write gate 57 which supplies a

20 current to the exciting coil 6, and a write amplifier
58. The write amplifier 58 is connected to the
‘decision circuit 52. The decision circuit 52 controls
the current to the heater 13 by interlocking it
with the current supplied to the exciting coil 6.

25 The operatioﬁ decision by the decision circuit 52 is
'so controlled that a current is supplied to the heater

13 during a write operation and for a predetermined



15 As shown in FIG 4, a control circuit for the heater is constituted by
a current controller 51 <controlling a current to the heater 13, a decision
.circuit 52 deciding the operation of the current controller 51, a wite
gate 57 which supplies a 20 current to the exciting coil 6, and a wite
anplifier 58. The wite anplifier 58 is connected to the decision circuit
52. The decision circuit 52 controls the gyrrent_to the heater 13 by
interlocking it with the current supplied t'o the exciting coil 6. 25 The
operation decision by the decision circuit 52 is so controlled that a
current is supplied to.the heater, 13 during a wite operation and for a
predet er ni ned - t7met’ian%t%¥t&et%519\?i?%66%%+%?i ont M IRt fi PR Yol 15 F |

is the current supplie 3 during the ite operation, and R
is the resistance gtlf tgce&%e%rtbgrQS%,H?%et%uW%%t’e?%eﬁ\rAﬁ e‘f%t%fr)‘/g g%k_?ﬁrol | ed
by the 5 currentyeonl rodd de dy Sopidiaf £ i L8 L0 Ihe fLIP At

whi ch the supply of a current to the heater 13 1s termnated Is pre?erably

| ess than one sexonthaféerréhe conpleté o) thecvoiigapgratdon. It is
al so possible to record a control pattern in 10 the end portion of a data

sector of %he diskrmnt cédmeguehey Shish trsahak fx or2 my ecdreec dvitghest
frequency, and supply a current to the heater 13 until this -
The time at which the supply of a current to the
heater 13 is terminated is preferably less than one
second after the completion of the write operation.
It is also possiblé to record a control éattern in
10 the end portion of a data sector of the disk at a
frequency which is half or'mpre the highest frequency,
énd supply a curfent to the heater 13 until this
control pattefn is completed.
FIG. 5A is a graph showing energy states of
15 magnetic domains in the main pole. The lowest enerqgy
level is in a state that éll maghetizafion'iﬁ the
entire magnetic domain is parallel to the easy axis,
i.e., parallel to the medium surface. 1In the main
pole 1, however, a plurality of local minimum energy
20 levels exist in addition to the lowest energy level.
In a magnetic domain in the state of this local
minimum energy level other than the lowest energy
level, magnetization is not completely parallel to the
medium surface, i.e., magnetization having a perpen-
25 dicular component remains. If, for example, a write
operation is abruptly terminated, the energy stéte of

a magnetic domain in the main pole does not fall to



contfol pattern is conpleted. FIG 5A is a graph showi ng energy states of
15 magnetic domains in the main pole. The |owest energy level is in a
.State that all nagnetization in the entire magnetic domain is parallel to

the easy axis, i.e., parallel to the nediumsurface. In the min pole 1,
however, a plurality of local mnimmenergy 20 levels exist in addition to
the I owest energy level. In a magnetic domain in the state of this | ocal

m ni mum energy | evel other than the | owest %ne?gy I evel , magnetization is
not conpletely parallel to the nediumsurface, i.e., magnetization having

e
a perpen 25 dicular ggﬂgg ent remains. If, for exagg e, awite, operation

| |
is abruptly ternihat e“RREFYy YAl el Bf OB nEHRRE I cPUONEFRELASL AR mai n
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remains at the local m nimum ener gy

exanpl e, the enefgy skah§18f enOBgReLig QQQ@EHPE% &Q@Té;ﬂ_?ngﬁ&%siﬁt the

| ocal m ni mum energy | evel 5 i ndi cat ed by a solid cir IS case, a

perpendi cul ar fiehd morpopent {en@inshat 16881 dhshahumebFe POyt i QR 0f the
mai n pol e, and degrades or erases information already recorded on the

medi um THe enerigydstatedobythesongnetieclomai bni fhibecadd, ngin pol e shown
in FIG 5A can be chaqged by exposi ng . _
perpendicular fleld component remains at the distal
end portion of the main pole, and degrades or erases
information already recorded on the medium.
The'energy state of the magnetic domain in the

.lO main pole shown in fIG. SA can be changed by exposing
the main pole to a high temperature. When the main
pole is exposed to a high temperature, a state having
no local minimum levels can be obtained, as shown in,
e!g., FIG..SB.

15 . In fhe-presént invention, the heater 13 is
loc&ted-near the main pole 1l in order.té.ébtain
a state having no or few local minimum levels when
a. . write operation is terminated. After the write
operation is terminated, a current is supplied to the

20 heater 13 for only a certain time to heat the main
pole.l, so that the energy state of a magnetic doméin
in the main pole falls.to the lowest energy level.
Consequently, all magnetization. in the main pole
becomes parallel to the medium surface as the

25  direction of easy axis, so that a perpendicular field
component is no longer applied from the main pole to

the medium. Accordingly, information already recorded



the main pole to a high tenperature. Wen the main pole is exposed to a
high tenperature, a state having no local mnimmlevels can be obtained,
:as shown in, e.g., FIG 5B 15 In the present invention, the heater 13 is
| ocated near the main pole 1 in order to-obtain a state having no or few
|l ocal mninmumlevels when a. wite operation is termnated. After the
wite operationis termnated, a current is supplied to the 20 heater 13
for only a certain tine to heat the maim pble 1, so that the energy state
of .a magnetic domain in the main pole falls to the |owest energy level..
Consequently, all negnetization. in the main pole becones parallel to the
medi um surface aS"t hB®2Bedi¥RcifonCobf degsydasi ar %éaﬁﬁ?taétpérﬁewdngglar
field component is no.longer_applied fromthe main pole to the medium
Accordingrg, inf%?%ﬁ??bﬂna ?eﬁﬁggiﬁﬁB?ﬂed 9 on the nediumis not degraded

or erased after a wi opgrat . op~i erninated. FLGS. 6A to 6C are graphs
showi ng the results 3 gﬁ'rgédE%u?%u gga95a8ﬁ8cﬁga”5890F eaﬁﬁsﬁg%ér 5

overwriting usi nghther698venthenal aP@QEEé&Eeéeﬁgforg' %?d th{eQ 7C are
graphs showing the results when read outputs are checked before and after
overwiting usiagetheioaggetsnheade obohhest eHRIHI BPLetic head.
FIGS. 7A to 7C are graphs showing the results when
read outputs are checked before and after overwriting
using the magnetic head of this embodiment. |
FIGS. 6A and 7A illustrate the read output

10 .waveforms of signals alréady recofded on the medium.
FIGS. 6B and 7B are graphs each showing the change in
write current during overwriting. ‘FIGS. 6C and 7C
illustrate the read output waveforms of signals after
overwriting.

_15 : When the conventiqnal magnetic beadﬁwas used, as
shéwn.in FIG. 6C, the dutput of the already recorded
sigdal fell after the write current was teiminated..
In contraét, when the magnetic head of this embodiment
was used, as shown in FIG. 7C, no degradation of the

20 output of the already recorded signal was found after
the write current was terminated.

It should noted that the control circuit for the
heater is not limited to that shown in FIG. 4, and a
control circuit as shown in FIG. 8 may also be used.

25 The control circuit for the heater shown in FIG. 8
comprises a current controller 51.fof controlling the

current to the heater 13, a'deciSion circuit 52 for



FIGS.. 6A.and 7A illustrate the read output 10 waveforns of signals already
recorded on the nedium FIGS. 6B and 7B are graphs each show ng the change
.in wite current during overwiting. FIGS. 6C and 7C illustrate the read
out put waveforns of signals after overwiting. 15 Wen the conventi onal
magneti c head. was used, as shown in FIG 6C, the output of the already
recorded signal fell after the wite current was termnated. In contrast,
when the magnetic head of this enbodi rent Mas -used, as shown in FIG 7C,
no degradation of the 20 output of the already recorded signal was found
after the wite current was termnated. It should noted that the control
circuit for the dR€afédpgi §hgorreirmition tof that cshownti moRitGolderand,a
control circuit as shown in FIG 8 may al so be used. 25 The control circuit
for the heater sR8finei ﬁeﬁP@Faﬁur@oﬁﬁPﬁ§6s5§ cennestegoricr dhleedest sfign

controlling the gurrent e hegﬁﬁl 13,, a decision circuit 52 for - 10
deci di ng the operation o tﬁ@ C&PP @8nﬂPoPl@Fr§1dlS§n§réVFeﬁﬁ@Péture

sensor, 53 connectfds! gohbecdeeisian. doLoil, 52 and nstall od in a hard

di sk drive (HDD). This control Gircuit decrdes
accordancesw th bﬁ@okﬁhﬁ&@ablkﬁnﬁﬁ%aEHE%rﬂ%lt@@mﬂ@?atur%r %X%gglﬁDD

current controller 51 controls
For example, the current controller 51 controls
the current supplied to the heater 13 so that the
resistance of the heater 13 is larger thén that at
room température. This is so because magnetic domains
.lQ : ip the main pole 1 readily become unstéble at low
temperatures, and this incféases the p:obébilityzthat
a perpendicular'magnetiéation component will remain_at
the distal end portion of the main pole immediately'
after a write operation,.making it necessary to avoid
_ 15_ a'low—température operation of the main pole during
| HDD operation. | | |

(Secénd Embodiment)

FIG. 9 is a sectional vieQ showing a magnetic
head and a magnetic disk of a perpendicular magnetic

20 disk apparatus according to a second embodiment.

The magnetic head shown in FIG. 9 is a separated
magnetic head in which a write head and a read head
are separated. Referring to FIG. 9, the write head
comprises a main pole 1, a return voke 15 located on

25 the trailing side of the main pole 1, and an exciting
coil.6{ Also, a heatef 13 is located, in contact with

or not in contact with the main pole 1, on the leading



the current supplied to the heater 13 so that the resistance of the heater

13 is larger than that at roomtenperature. This is so because nmagnetic

. domains 10 in the main pole 1 readily becone unstabl e at |ow tenperatures,

and this increases the probability, that a perpendicular magnetization

conponent will remain at the distal end portion of the main pole

imedi ately after a wite operation,_naklng it necessary to avoid 15 a

| owt enper at ure oper at.i on of the-nain'pﬁlel'prrng HDD operation. (Second

Enbodiment) FIG 9 .is a sectional vieM(shoggng_aknagnetlf. heggofggng o a
netic di sk of _a perpenpdi cul ar magnetic i sk apparatus a

gggoﬁd embodi men? ¢ h%Pnggﬁe??&nhBSgesiomn in FIG 9 is a separated

tic head in whic i an read head .are separated. _
Roarring o Fl G D CPRE B bRoRRee oRe R R hEreThe Arrargen yoke

d 2 . i i . of .t LN I nd.an_exci.tin
oo 1 6 Asor apehe bEOLhoHpshOesQlal ik SRECRS Sate BRUARTFEC cnthey

with the main potmbddimentbhe tpadshgpe Adq- pskdessh %@etﬁgi ReBOLe 15 The
arrangenment of the read head and the arrange- nent of the nagnetic disk are

the same &5 in taeefalst teabsdineeas.ifhenshapesandmpesihian.of akhg heater
13 control circuit for the heatér; the circuit sbown in
FIG. 4 or 8 explained in the first embodiment is used.

Even when the write head shown in FIG. 9 is uséd,

information élready recorded on the medium is,nét |
10 degraded or erased after a write operation.is
tefminated.

(Third.Embodiment)

FIG. 10 is a sectional view showing a magnetic
head and é magnetic disk of a perpendicular magnetic

15 disk apparatus according to a third embodiment.

The magnetic head shown in FIG. 10 is a separated
magnetic head in which a write head and a readlhead
are separated. The write head comprises a main pole
1, a return yoke 2 located on the leading side of the

20 main pole 1, and an exciting coil 6. The distal end
portion.of the main pole 1 is recessed relative to
the air-bearing surface (ABS) of the magnetic head.
The recess amount is desirably 0.1 um or less. Also,
a heater 13 is located, in contact with or not in’

25 contact with the main pole 1, on the trailing side of

the main pole 1.

The arrangement of the read head and the



5 are also the sane as in the first enmbodinment. As a control circuit for
the heater, the circuit shown in FIG 4 or 8 explained in the first

. embodi ment is used. Even when the wite head showmn in FIG 9 is used,
information already recorded on the mediumis. not 10 degraded or erased
after a wite operation is termnated. (Third Enbodinent) FIG 10 is a
sectional view showi ng a nmagnetic head and a magnetic di sk of a

perpendi cul ar magnetic 15 di sk apparatus décording to a third embodi ment.
The magnetic head shown in FIG 10 is a separated nmagnetic head in which a

wite head and a read head are separated, The wite head conprises a main
pole 1, a retur%r%rk%erﬁembc%ﬁ_ e‘if“%ri“?‘?fée?b%o‘i‘lhﬁks"i”o% Wet%@n?oa%a}lrh pole 1,
and an exciting h end ortion of he in is
recessed rel ati v%?% oflrf%%- egr?kgé lenéerrll%g ST 22PN AEE) (ﬁosthfelwgg% tic head.
The recess amountnd spdesiyapty, O, ]ajé%& ofhd eg%m%f%% o | Qegltgr? é3ll S

| ocated, in contact wth or not 1In cont ac mai n on t he

trailing side ofempheim@in. pode d.cIhersr rangenent:of the H&?%Pe%é‘“d the

12 arrangenent of the magnetic disk are the sane as in I rst

enbodi nentS  The shapei ansh@asiin FI®f 4 or 8 explained in the flrst
embodiment is used.

In the magnetic head shown in FIG. 10, the main:
pole 1 expands as a result of thermal conduction from
the heater 13 and comes close to the ABS, thereby

10 performing a write operétion.

Even when tﬁe write head shown in FIG. 10 is
used, information already recorded on the medium is
not degraded or erased after a write operation is
terminated.

15 (Fourth Embodiment)

FIG. 11 is a perspecfive view showing a magnetic
head according to a fourth embodiment. FIG. 12 is
a plan view showing an example of a heater used in
the magnetic head according to the fourth.embodiment.

20 FIG. 13 is a bian view showing another example of
a heater used in the magnetic head according to the
foufth embodiment.

The magnetic head shown in FIG. 11 is a separated .
magnetic head in which a write head and a read head

25 | are separated. The write head comprised a main.poie
1, a return yoke 2 located on the leading side of the

main pole 1, and an exciting coil 6. As shown in



the heater 13 are also the same as in the first enbodinment. As a control
circuit for the heater, the 5 circuit shown in FIG 4 or 8 explained in the
. first enbodinment is used. In the magnetic head shown in FIG 10, the main
pole 1 expands as a result of thermal conduction from the heater 13 and
comes close to the ABS, thereby 10 performing a wite operation. Even when
the wite head shown in FIG ‘10 is wused, information already recorded on
the mediumis not degraded or erased aftef3a wite operation is _
termnated. 15 (Fourth Enbodinent) FIG 11 is a perspecglye V|er/shomnng a
magnetic head agcording to a fourth embodiment. FIG 12 is a plan view
shgmﬁng an exanp EGoflé'h%a?%?t%§e89iWad?h@fnﬁgﬁéprélhéadoﬁﬁwérﬁﬁng fo tpe
fourth. enbodi ne 20, FLG 13 is_a plan view showi ng another exanple of a
heater used in tﬁ%aﬁﬁﬁﬁgt%Eoﬂegaea8§838?ﬂé £81the 1fo ?Fﬁﬁ@ﬁgealﬁsﬁp.hThe
magneti c head sh in.F 11-i rated. . magnetjc head in ch a
ww?te head and aP%%%%H%e%§535&grg g%éggggeésr%ﬁgnm??tébﬁeﬁaleoﬂﬁ}?qu a
main pole 1, a returfgsygkgwR ggcggggnqglagehgg@gknggshggeogftQe mai n pol e

1, and an exciting coil 6. As shown i
5 . zigzagged wire branched from the exciting coil 6 may
also be located on the leading side of the tapered
portion of the main pole 1.
The arrangement of the read hsad and the arrange-
ment of the.magnetic disk are the same as.in the first
10 embodiment. As a control circuit for the heater, the
circuit shown in FIG. 4 or 8 explained in the firét
embodiment is used.
In the fourth embodiment, a current is also
supplied to the heater 19 branched from the ekciting
15 coil 6 during a write operation, so the main pole 1 is
consténﬁly heated during the Qrite opération and is
not abruptly cooled even immediately after the write
operatiQn. Therefore, no local minimum levels exist
in the main pole,-the states of magnetic domains fall
20 to the lowest energy level, and all magnetization
i1s parallel to the easy-axis and so is stable.
This prevents a perpendicular field component from
remaining at the distal end portion of the main pole
after a write operation is terminated, and prevents
25 degradation or erasure of information already recorded

on the medium.

Additicnal advantages and modifications will



FIG 12, a heater 19 nmade of a plurality of wires branched fromthe
exciting coil 6 is |ocated on the |eading side of a tapered portion of the
.main pole 1. As shown in FIG 13, a heater 19 made of a 5 zigzagged wire
branched fromthe exciting coil 6 may also be |ocated on the |eading side
-of the tapered portion of the main pole 1. The arrangenent of the read
“head and the arrange- nent of the magnetic disk are the sane as in the
first 10 enbodiment. As a control circait for~the heater, the circuit
shown in FIG 4 or 8 explained in the first enbodinment is used. .In the
fourth enbodinent, a current is also supplied to the heater 19 branched
fromthe excitinéeaﬁSlEOPFcBrdGPiﬁaoéemﬁgﬁéléﬁeﬁattbﬁ,aﬁﬁ-théhﬁEEﬁOp@Le 1
is constantly hegkediggrigg the wite ogeration and is not abruEtIy cool ed
even i medi atel y -art&r 'ER&*RFi £8 *55ePLPPORT FRBPEESr &S RBLI 6&BETAFNFAUM

| evel s exist incthesgainepal e stares_of magpetic donmins fall 20 to
the | owest energylleag?, g%g gffggganéﬁ§zg ggﬁsegga%éyglﬁg Ogbm?ﬂgs
easy-axis and soshswht ahhedesdPi BRI g¥ERL S A gﬁ&ggaghgygarVLEEFQSCOHDOhent
from remaining at the distal end portion of the main“pole "affer a wite
operation bs termbdafedataofspneyeptsmdde dROFREALI QBp QL+ €hESHEEMOE e
information al ready recorded on the nedium

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



Addi tional advantages and nodifications will 14 readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not
.limted to the specific details and representative enbodi nents shown and
descri bed herein. Accordingly, various 5 nodifications may be made w t hout
departing fromthe spirit or scope of the general inventive concept as
defined by the appended clains and their eﬁgivglents. 15 - WHAT IS CLAI MED
IS: 1. A perpendicular magnetic head conprising: a wite head conprising a
main pole, a return yoke and an exciting coil, which produces a 5
per pendi cul ar magnetic field; andvﬁﬁgfq%ﬁr Iocated so as to oppose a
tapered portion of the main pole a w de hporplog far
froman air-bearing surfage arrow ortl to the air-bearing
surface. 10 2. Theghegd agc %ngng%Suc?al ?ne é tﬁ8mpﬁé§ﬂ89°is made
of awire branched fromhe.exChhi B0noEoLlngS @ PErRENd) Ul ol magnet | ¢

g ar WO- |

di sk apparatus conprising: 15 a perp ICu yeréd fif dlum
conprising a SOf§oH@d§ﬁaa&ﬁreﬁagtﬁn@eégfﬁg'ﬁHl@ﬂ produces a

5 perpendicular magnetic field; and
a heater located so as to oppose a tapered
portion of the main pole that changes from a wide
portion far from an air-bearing surface to a narrow
portion close to the air-bearing surface.
10 2. The head according to claim 1, wherein the

heater is made of a wire branched from the exciting

coil.
3. A perpendicular magnetic disk apparatus
comprising:
15 a perpendicular two-layered film medium

comprising a soft underlayer and a perpendicular
magnetic recording layer;
a write head comprising a main pole, a return
yoke and an exciting coil, which produces a
20 perpendicular magnetic field; and
a heater located so as to oppose a tapered
portion of the main pole that changes from a wide
portion far from an air-bearing surface to a narrow
portion close to the air-bearing surface.
25 4. The apparatus according to claim 3, wherein
the heater is made of a wire branched from the

exciting coil.



magnetic recording layer; a wite head conprising a nmain pole, a return
yoke and an exciting coil, which produces a 20 perpendi cul ar nmagnetic
.field; and a heater |ocated so as to oppose a tapered portion of the main
pol e that changes froma wide portion far froman air-bearing surface to a
narrow portion close to the air-bearing surface. 25 4. The apparatus
according to claim3, wherein the heater is nade of a wire branched from
the exciting coil. 16 5. The apparatus a&%oraing to claim3, further
conprising a current controller connected to the heater, and a deci sion
circuit. 6. The apparatus ﬁccording to claim5, further 5 conprising a
tenperature sensor sensi n§"&n3PREEFhAP 2FERpErafuFe 6faiRe3apparatas. 7.
The appar at us according.to an%one 0 cIaijsléF and 2 wherein the heater is
configured to hea?™Phe>109 ndi nUpofet afPRr* 3l wfft e°BPeratfoh® BReThe
appar at us accordﬁggtiglagggng 8%cf£ %Hsc§rc50 6 wherein the heater is

n po er a

. 1T, .
configured to heat the mai e a MW|¥e oper ati on.
6. The apparatus according to claim 5, further
5 comprising a temperature sensor sensing an internal

temperature of the apparatus.

7. The apparatus according to anyone of claims 1
and 2 wherein the heater is configured to heat the

10 main pole after a write operation.

8. The apparatus according to anyone of claims 3
to 6 wherein the heater is configured to heat the main

pole after a write operation.



