';ijéSeLHI"6TH7<*1 TI TLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C HEAD AND
PERPENDI CULAR MAGNETI C DI SK APPARATUS BACKGROUND OF THE | NVENTI ON 5 The
present invention relates to a perpendi cul ar magneti c head and

a
per pendi cul ar magnetic di sk apparatus. A perpendicul ar recoMMﬂ“ﬂﬂMﬂﬂﬂﬂM’c
di sk apparatus 10 15 conprises a magnetic disk (a so-called ar
two-layered fil mnmedium, and a perpendi cul ar magneti c head. Thesssmgnetic
di sk includes a soft underlayer nade of~a high-perneability material, and a

per pendi cul ar recordi ng | ayer having perpendi cul ar nagnetic ani sotropy. The

per pendi cul ar magnetic head has a nainﬁpole made of a high-perneability
material, a return yoke, and anTeXéit PfigTEd EINVENTIRNpr oduces a

di cul ' ' : [ I di_cul ti
head, 20 25 nowesarengTsuEsg whBuRrCr HERE EURbeRERERPAFGLAN HBR ERaC
ani sot r opy fieI?I§R NN gb§n1easily remains at the distal end portion of
the main pole after a wite operation, and degrades information already

recorded on the nmedium This %ggg§§65§ﬁné% {iﬁlf&éﬁ&ﬂﬁ%%§nt remai ning in the
main pole is irregular in both magnitude andH requency of occurrence.

Therefores it is diffheuptebensuppiensibhekesizduak par pendiGiy;ar, ;ngonetic
field in the main pole only by controlling - 2 the material or shape of

the main pole. hagshoutdhbednahedat patpantieehnbguRagscknewaiwihi ch heats a
magnetic pole in order to prevent the phenomenon in which stress acts on
t he magneti c podepdraguesto a tenperature change of the nagnetic pole before
and after witing data, a magnetic domain formed during the witing
remai ns, and the noveneAtrprendipisamgaebirdidgnaiegnis idetidckedppa raaivse
(Jpn. Pat. Appln. KOKAI Publication No. 4-305809). In this
comprises a magnetic disk (a so-called perpendicular
10 two-layered film medium), and a perpendicular magnetic
head. The magnetic disk includes a soft underlayer
made of a high-permeability material, 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 produces
a perpendicular magnetic field.
In a conventional perpendicular magnetic head,
however, a perpendicular field component larger than
20 the anisotropy field of the medium easily remains at
the distal end portion of the main pole after a write
operation, and degrades information already recorded
on the medium. This perpendicular field component
remaining in the main pole 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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*10 techni que, however, the entire surface of the return yoke is heated, so
the pole may extend toward the di sk because of thermal expansion if

excessi vely heated. BRI EF SUVWARY OF THE | NVENTI ON A per pendi cul ar nagneti c
head according to an 15 aspect of the present invention conprises: a wite
head conprising a main pole, a return yoke and an exciting coil, which
produces a perpendi cul ar magnetic fields and a heater | ocated near the main
pol e. A perpendicul ar magnetic di sk apparat us according 20 to anot her

aspect of the present invention conprises: a perpendicular two-|ayered film
nediun1conprisiﬂ8 a soft,underla%er and a perpendi cul ar magnetic recording
layer; a wite head"ebRprisi A aPABENCpoFRE BaiBtBPAeyoke and an exciting

coil, which produces_25 r.pendi cul ar netic field; and a heater

| ocat ed near the nai%%p8%8afd geBHOEQaEFH%%SéRFP? BNIBE FREKSEVYERAL VI EWS
OF THE DRAW NG 1 ] e iye_view, show n magneti ¢ head
according to a ?*%%? %%%%%i%eﬁ%?géﬁtf BOr g 5n585??gngP E?EMFEHOQﬁﬁg a
magnetic 5 hea net i sk p ndj. c r netic_di sk

appar at us acco?%?ﬁgof%ﬂ?ﬁef%iggg&gn%g%?%%nggeglg# gkgsmggg?gﬁchganhomjng

an exanpl® of adbeaterausedod Pt hee NBRRELLCoRepd LE he first
enbodinent; 10 FIG 4 is a Io%kud?agranéshgmﬁnge:ﬁggégE%?eﬁg%ga control

circuit for theodtaterangesriarthei opggeshcaheadnagaer dingohgihhe first
enbodi ment; FIGS. 5A and 5B are schematic views each show ng energy states
of magnetic doned¥sed ndar iveg ntipel eritbndl Gemétnés angraph sbownsgtt be read
out put waveform of a signal already recorded on the nedium FIG 6B is a
graph showi ng tHelgHedgReet e wioneinuis etietdatédgasveoimet i fign. Pat.
Appln. KOKAI Publication No. 4-305809). 1In this
10 technique, however, the entire surface of the return
yoke is heated, so the pole may extend toward the disk
because of thermal expansion if excessively heated.
BRIEF SUMMARY OF THE INVENTION
A perpendicular magnetic head according to an
15 aspect of the present invention comprises: a write
head comprising a main pole, a return yoke and an
exciting coil, which produces a perpendicular magnetic
field; and a heater located near the main pole.
A perpendicular 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.



'FIG 6Cis a graph showi ng the read output 20 waveform of a signal already
recorded on the nedium and detected after overwiting is perforned using a
conventional magnetic head; FIG 7A is a graph showi ng the read output
waveform of a signal already recorded on the nedium 25 FIG 7B is a graph
showi ng the change in wite current during overwiting; FIG 7Cis a graph
showi ng the read out put - 4 waveformof_a signal already recorded on the
medi um and detected after overwiting is p%rfbrned by using the magnetic
head according to the first enbodinment; FIG 8 is a block di agram show ng
anot her exanple 5 of a control circuit for the heater used in the magnetic
head according tFtHe ThS<tl Rfodi MerkHE FRYERAL SVEERSART oRdl RRAWINGOW ng
a magnetic head and ? gaggetic di sk of a,gergendic%lan magneti c gpsk _
apparatus according f6°a set8nd BRBSHPREAYS Y6SE Bhovdngs 2amagretdfal vi ew

show ng a nagneﬁégdhgggogggng Fﬁggg%%%ﬁghgﬁeﬁéigﬁﬁg§pendicular magneti c

di sk apparatus according 11 is a perspective
vi ew showi ng a nagneg&@.hgagsagcggg%@gnég @iggugggwg O%I%EQ%EE%% FLG.d12
is a plan view showi ng an exanpl e of "a heater used in’the o] I'c hea
accordingto theedQUEhE £MRRGhEEBNE; d8Bf 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 magnetic head according to the
first embodiment;
10 FIG. 4 is a block diagram showing an example of
a control circuit for the heater used in the magnetic
head according to the first embodiment;
FIGS. 5A and 5B are schematic views each showing
energy states of magnetic domains in a main pole;
15 FIG. 6A is a graph 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 conventional 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



‘FIG 13 is a plan view show ng another exanple of a heater used in the
magneti ¢ head according to the 20 fourth enbodi nent. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON Enbodi nents of the present invention will be described
bel ow with reference to the acconpanyi ng drawi ngs. 25 (First Enbodi nent)
FIG 1 is perspective view showi ng a nagnetic head according to a first
enbodi nent of the present -5 5invention. FIG 2 is a sectional view
showi ng a magnetic head and a magnetic disk used in a perpendicul ar
magneti ¢ di sk apparatus according to the first enbodinent. FIG 3 is a plan
vi ew showi ng an exanpple of a heater used in the magnetic head according to
the first enbod/#MERtOTHI@ @ $59R2h| dékeaf¥granPsAedi A aheexamphd of a
control circuit fgr t he aggt%%,used in the nagnetic head according to the
[

first embodi men? < RCERG EPE O¥SIYhetHBgnéfi BeaFSkmpd RY185159

and & por pond: et P uer M i H 8 AP o b b nEa DhCat Shas: PABRISENERG

and a perpendi cul ar Tecordi ng

perpend! el ar recor dyeg | @VSC 220a8 0130 LAPABBLBETGLSULSL, Laals 1 o

surface. The magnetic ad shown in i's sepa

head in which aoﬂﬁét@b@@?&laagréuf€a§oPe§g ZﬁgaﬁgpaﬁgggdinT feWrite head

conprises a main pole 1, a return 20 25 yo ocated on the | eadi ng side

of the main polmadneand @éla@xséct:wgiﬁﬁi to6ehd heateredBohsmbacated, in
contact with or not in contact with the main pole 1, on the trailing side

of the main pole 1. Fhe.hgaieral3copposes vhaw ansaingwedmagektpertion (or
a tapered portion) of the main pole 1 that changes froma w de portion far
fromthe air-be@ath@rdrd avag(ABE} dbsh ofraopeppendbouthoseatnethe
air-bearing surface (ABS). The main pole 1 is nmade of a high-pernmeability
disk apparatus according to a second embodiment;
10 FIG. 10 is a sectional view showing a magnetic
head and a magnetic disk of a perpendicular magnetic
disk apparatus according 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 the 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



- 6 material, and produces a magnetic field perpendicular to the magnetic
di sk surface. The return yoke 2 forns a nagnetic path between the main pole
1 and the soft underlayer 23 of the magnetic disk. The exciting coil 5 6 is
wound around a connecting portion between the nmain pole 1 and the return
yoke 2, and excites the main pole 1 to produce magnetic flux. As shown in
FIG 3, for exanple, the heater 13 is nmade of a conductor which is a

zi gzagged wire. The heater 13 is 10 connected to current el ectrodes 7a and
7b. The read head conprises a magnetoresistive filmb5, and shield filns 3
and 4 arranged on the trailing side and the |eading side, respectively, so
as to sandwi ch f%%eﬁﬁbﬂ%torgégst?vésfﬁlH?S?lQBabsVSﬁUmﬁhDNiFGGa 4, a
control circuit_for %he Qeater i,s constituted by a current controller 51
control ling a cUFPRRTo"tRAR ABd:2rMagnetiqgedi skoRsedr i @ BOrAEAIdi ng t he

operation of thg. | l,er, 51, a ite gate 57 ich s lies a 20
cgrren; to the gi@?%%ﬁg%%§?$£%? %ﬁ%kaaaP?Fgggﬁp?g??ﬁglggmgéhﬁhﬁﬁggégt
amplifier 58 is to e degisio jrcuit The decision.circuit
Sgpcontrols theeﬁ§€§gﬁ%§?b tﬁ%ehegt£% %38%§hi§¥%VI%% Thg%i e WP FRTPRE
current suppliestto hdgreXCitbAY: §Okhe bnadBeThe 98%?‘5&8&9?8%5%8%9% the

I e

decision circuit 52 is so controlled that a current is supp dtot
heater 13 durinfisswréhisoopeeat | onraad £0fsa;predekes hgesn showingt| M
after the wite operation. In this control, if |I is the current supplied to
the heater 13 camiexphhbe wite opetadl ogirand: RF6s the neststangegofint he
heater 13, the current is preferably controlled by the 5 current controller
51 so that R x %2eimagoesiantieadhectondinag whi thet herstupahyodimaneurrent to
the heater 13 is termnated is preferably | ess than one second after the
conpl etion of the whteSkperainoRIGit2i sthesnaponesibl disk tecerd a control
rtion of a data sector of the disk at a frequency

pattern.n 10 the en , : : .
whi ch isldr:alf ﬁo"%?ﬂl$‘ﬁ§?ﬁ%%%%cw¥%u%%%y%ahﬁhﬁe@u%plry Bedivnehevingt he
heater 13 untilat§i§tcon [o patt$§nlgi coqgletqg, FIG 5A is a graph
showi ng ener gy States 0f° 15 Fghet? 2 onai PSTRFEHe haf ntpePeditte | owest
energy level is ] t all netization in the entire netic
?on{aihn is par a:sjléeiifo% ﬁ%g%rgé;(i og(ias,s? .%?fab%r%ﬁ el 19 ??\Ep%‘éi?ﬁ\r}rggﬁlrfacle.
n the main po @QMEV ity. M. ni mum ener g evel s
exi st in addi tilgen tro t he %%\ee]?t e#éa?"égyér?{hg(ge?]¥8§ﬁ %eﬂ%%r%ﬁ P%Bnﬁ?n in the

state of this lwagalgmdpisuwesnergy |evel other than the | owest energy

| evel , magnetization is not conpletely parallel to the nedium surface,
i.e., magnetization Twyingyte PeE PREa5sHbGN! BF BREPONENLLHeprigs. I, for
exanple, a wite operation is abruptly term nated, the energy state of a
magneti c domai ra isegdre ted mapplet Hodseadtid alhid® a write head and

a read head are separated.
The write head comprises a main pole 1, a return

yoke 2 located on the leading side of the main pole 1,
20 and an exciting cecil 6. A heater 13 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 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



_ g _ the lowest energy level in sone cases, and remains at the | ocal

m ni mum energy |level. Referring to FIG 5A for exanple, the energy state
of a magnetic donmain in the main pole is at the local mninumenergy |eve

5 indicated by a solid circle. In this case, a perpendicular field
conponent remains at the distal end portion of the main pole, and degrades
or erases information already recorded on the nedium The energy state of
the magnetic domain in the 10 nain polé'sﬁﬁwﬁ'in FI G 5A can be changed by
exposing the main pole to a high tenperature. Wien the main pole is exposed
to a high tenperature, a state having no |ocal mninumlevels can_be
obt ai ned, as sHtWETHele 39 pregluces asmagnehécpf é8bft PRARERELGRLaEhe

heater 13 is |ocated near the in pole_1 in order to obtain a_state having
no or few | ocal "% i%ﬂﬂ??%%%?%nahﬁh AUHFAER- opel&t FBRUFE YEFRi Aaf@dMSAft er

th it [ I ] pat t i lied t he 2Q, heat
131 or only a chrTaTact ret o raar PRl RAF bl BB o PR thRacRhEr gy

state of a maonelasy fopRi M ok Nen Ik, ROLECTALLE. torhhe L aveshqest gy

| evel . Consequently, magneti zation in the main po econes”parallel to
the medi Bn surf@ces asoih@ 2Bodhdest EOMNOEt eA§Yp8¥tSonSBetatnatne
perpendi cul ar field conponent is no | onger app?led fromthe main pole to
the nedi um Acomxih ngbye 1niwdmahéoneahreagykeeeprded excifes ©Ret he medi um
is not degraded or erased after a wite operation is termnated. FIGS. 6A
to 6C are graphsashawhg 1 heo resoditse whagneehd olLtput sAar eshekrckad before
and after 5 overwiting using the conventional magnetic head. FIGS. 7A to
7C are graphs shidwi nd ther resamp e whene rieadt ent pat ssamadehetkad before and
after overwiting using the magnetic head of this enbodinent. FIGS. 6A and
7A illustrate tHFERPOUPLEN 1S waveioragded wignal sTherbadyeretdrded on

t he nEngﬂl FI GS. 6B aq? 7B argﬁgraphs each showi ng the change in wite
current duri ng TYRITTEF ng® BHESNBCERRE7edeF| U3t fRfe’/Phe read out put
wavef orns of signals_ after verwwitinﬁgi15 When t he conventi onal_ pagnetic

head was used, as shbwh FRAFIES2BCCOPHELSEE pait "BENERBTSFLERdYer EddPded
signal fell after i curyrent.was termnated. In ntrast, .when the
magneti c head of’ fﬁ?g %ﬁéééﬁré#ém%ﬁ% %%%d? A5TARIWA TR ﬁﬁ%&£§%flﬁ89
degradation of ghe, 2 t ad i gpal found after
the wite curré%?%ﬁéb?g@%?dﬁ%géﬁﬁté%%%hl%e%§§§%g§%%§’tﬁg %%ﬁ??ol circuit
for the heater dsdipich ivhd athdRetdals shoWi P H G, 4, and a control
circuit as shown in FIG 8 nmay al so be used. 25 The control circuit for the

heater sitown in FIGAS soepri sesraceul | egt c60LA0! Lerciltcf @prcentrol ling
the current to the heater 13, a decision circuit 52 for - 10 deciding

the operation dfeater cis remistonited ey Slcupnentd tenpesatgressensor 53
connected to the decision circuit 52 and installed in a hard disk drive
(HDD). This comamdirel¥ing ta decr dest the Operlatavari h3p acdectlanca with the
internal tenperature of the HDD. For exanple, the current controller 51
control s circuilt 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 operation 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



‘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 nagnetic
dormains 10 in the main pole 1 readily beconme unstable at |ow tenperatures,
and this increases the probability that a perpendi cul ar nagneti zation
component will remain at the distal end portion of the main pole

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

| owt enperature operation of the nmain pol e during HDD operation. (Second
Enbodiment) FIG 9 is a sectional view showing a magnetic head and a
magneti c di sk og,a pergendicular,nagnetic 20 di sk aggaratus accordin% to a
second enbodi neht™ TRELFRghBEI ETHESdORREAAIPA - FI & §Dis §08EBSfat éd

tic head i ich ' h .and d,_head ted.
Reforring to FI & GhS{ FAZbPF FooHERA" Bonbri B8 BALFA bal B01"d FEPurn yoke
Referring to Fl PPt e HBHY EOnpP S8 furn yoke
6. A'so, a hoatsr 15 vRoFobEDaE SR R hrasiC.Re Rt aRne PR EBs B R The

main pole 1, onjshechgadiPPent-1dlprakdeaBi tBSn@?ﬂlEB' Bylenlhe
arrangenment of the read head and the arranggnent of the nggnetlc di sk are
the same s in theréhtstortbedigent: Ihecghape and2pesi thagrghet he heater
13 5 are also the sane as in the first enbodinent. As a control circuit for
the heater, theTkércimmé shownitn th& sdpply8oexpl abredntntbhentir st

enbodi ment is used. Even when the wite head shown in FIG 9 is used,

i nformati on al readyeretdr dedtenmiheteddisanpksfaotbl( degsadednobner ased
after a wite operation is termnated. (Third Enbodinent) FIG 10 is a
sectional view 3PeMAgRAtAaghlkei ecnpddtand afnhbReviétdi skeohtion.

per pendi cul ar nmagnetic. 15 di sk, apparatus according to_a third enbodi nent.
The magnetic hea %ﬁoﬁhs?npﬁ?é%bié Fe &esepar at eaNFHghePRELRER N which a

ite h d d head ted. Th [ , [ [
b0l ¢ 1. B ot ur g ok 5P Do AP BaS et RRCF eaBFRGE sPRGTAF HAGY2BErdi n pol 6 1
d iti il 6. The.distal ti t [ le 1
ocessed 1ol at PVEoraetRs AT Ebobti G EuPTata’t ABGS' B PRGCnBgRERFE Head
Th [ i,rab , I , h . 13 i
{ocat 60 i n cort St SWERY of Ror Tht ob0cEhe et Phatratn thoPe 1. on the

trailing side ofofheomhacpols {s IbgppLfaggenent of the read head and the
- 12 arrangenent of the nagnetic disk are the same as in the first

embodi ment. The ShapEI@DdSKOEEtEO?rgﬁhtBﬁoh@ﬁbeéné§g§r§t§Eég bize same as in
the first enbodinent. As a control circuit for the heater, the 5 circuit

shown i ¥l G 4nagnét explienaedsi int beefnash pobedi ment 1swesedenkigihe
magneti c head shown in FIG 10, the main pole 1 expands as a result of
thermal conductlieveirbs theahsatee tBaandltomegnetosetiont he ABS, thereby
10 performing a wite operation. Even when the wite head shown in FIG 10
i s used, inforneittbreahagadyicedonded da parahidilutvi shaotadggraded or
erased after a wite operation is term nated.
l.e., parallel to the medium surface. In 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 state of

a magnetic domain in the main pole deces not fall to



15 (Fourth Embodinment) FIG 11 is a perspective view showi ng a magnetic
head according to a fourth enbodinent. FIG 12 is a plan view show ng an
exanple of a heater used in the nagnetic head according to the fourth
enbodiment. 20 FIG 13 is a plan view showi ng anot her exanple of a heater
used in the magnetic head according to the fourth enbodi nent. The nagnetic
head shown in FIG 11 is a separated magnetic head in which a wite head
and a read head 25 are separated. The write head conprised a nain pole 1, a
return yoke 2 Iocated on the leading side of the main pole 1, and an
exciting coil shown in - 13 FIG 12, a heater 19 made of a
plurality of MAF8§ ﬁPHﬁéﬁe&nFFSﬁl@ﬁéeéxéptﬁﬁ@ec§@ﬁe@rl§n@oé§ﬂ@dn§na¢he

| eadi ng si de Oftﬁet§§ d por.ti on of the ﬁalﬁ 1. As shown_in FILG 13,
a heater 19 nade of z é?é@ﬁ@denefgybﬁgﬂf ed ﬁﬁgﬁFFﬁége%@lfTﬁb éirl 6

may al so be Iocgggdeggm I@ﬂglgg g 5%f th%hggg%%§%6 Q%;h%gﬁgﬂkthe mai n

pole 1. The arrangenent o ‘there

magnetic di sk aﬁﬁetﬁ@lﬁagﬁléslbnaEh%hE'ﬁ%%a%om§gg%%hn%%% g@s&%v%qntr0|

circuit for the heater e circuit shown in ained in the

first enb®di mentniscHsed. bynatB@lﬁ@ubﬁgcﬁgbOdUﬂE@%asac%%%reﬁt is also
supplied to the heater 19 branched fromthe exciting I5 cdil 6 during a

write operationpespehti¢cnibn fokedlcbapeasatanthyiheabed tdur qagtkbhe wite
operation and is not abruptly cooled even imediately after the wite

oper ation. Therehdreprhoochoodl thienmaum bevel, s aexi skgiradiele oraieragelse, the
states of magnetic domains fall 20 to the | owest energy |evel, and al
magneti zati on i snparapteépnt olrhedgaspcaxidsdand sbei sestiabl.e. Thi s prevents
a perpendicular field conponent fromremaining at the distal end portion of
the main pole after &P fir PRErgFeP&PILEN Oifs ther MPgacedC amhagmeventtdie2s

degradati@n or erasure of nfornat%on a%read recorded on the nedium
aln pole shown in FIG. 5A canh 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. 5B.

15 In the present invention, the heater 13 is
located near the main pole 1 in order to obtain
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 1, so that the energy state of a magnetic domain
in the main pole falls to the lowest energy level.
Consequently, all magnetization in the main pcle
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



‘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 equival ents. - 15 WHAT IS
CLAIMED I S: 1. A perpendicul ar nagnetid‘hé%d Ttonprising: a wite head
conprising a main pole, a return yoke and an exciting coil, which produces

a 5 perpendicular magneti¢c field; and a heater |ocated near the main pole.
2. The head acc%?d?%% nedErm; 7 1NohhereradefeCRegtare8ppbses a vapseed
portion of the main_pole tha% chaages froma w de portion far from an
air-bearing 10 ¥Wrfact°Po'd haFFoWAbSHti on close to the air-bearing

surface. 3. The head ording to.claiml erein.the heater i,.s made of a
wire branched fronltﬁgggkc?%iga ggiﬁFelgripﬂ% BEPHéHSiEBFaFeﬁﬁéHEtiC di sk

apparat us conpri;sng:e2qPetpendhcylar chunclaysted Ll %g&@?k%?‘ conpri sing a

soft underl ayer and a perpendi cul ar nmagnetic recor | ayer; 20 a wite

head conps i si ngove ARk Nt PO Cus Bng CENENCYRKENADGRAN LXGHLLRE RALL, which
produces a perpendi cul ar magnetic field; and a heater | ocated near the main

pole. 5. The appe¢&t usAaccordi aget repat Mshow2hgWOREELBSHNESh@AERr Opposes
a tapered portion of the main pole that changes froma w de portion far

froman air-bearéag surpace soeachacked pefbrenantioseter- odbrwtottihg
air-bearing surface. 6. The apparatus according to claim4, wherein the
heater is made W¥ingvike hramehed heawm ¢hetkexsi émhgdtneht .

FIGS. 6A and 7A illustrate the read output

10 waveforms of signals already recorded 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 conventional magnetic head was used, as
shown in FIG. 6C, the output of the already recorded
signal fell after the write current was terminated.

In contrast, 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 for controlling the

current to the heater 13, a decision circuit 52 for



7. The apparatus according to claim4, furt her conprising a current
controller connected to the heater, and a decision circuit. 8. The
apparatus according to claim?7, further conprising a tenperature sensor
sensing an internal 10 tenperature of the apparatus.
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the current supplied to the heater 13 so that the
resistance of the heater 13 is larger than that at
room temperature. This is so because magnetic domains
10 in the main pole 1 readily become unstable at low
temperatures, and this increases the probability that
a perpendicular magnetization 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-temperature operation of the main pole during
HDD operation.
(Second Embodiment)
FIG. 9 is a sectional view 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 yoke 15 located on
25 the trailing side of the main pole 1, and an exciting

coil 6. Also, a heater 13 is located, in contact with

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

The arrangement of the read head and the arrange-
ment of the magnetic disk are the same as in the first
embodiment. The shape and position of the heater 13

5 are also the same as in the first embodiment. As a
contrel circuit for the heater, the circuit shown in
FIG. 4 or 8 explained in the first embodiment is used.

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

information already recorded on the medium is not
10 degraded or erased after a write operation is
terminated.

(Third Embodiment)

FIG. 10 is a sectional view showing a magnetic
head and a 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 read head
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
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arrangement of the magnetic disk are the same as in
the first embodiment. The shape and position of
the heater 13 are also the same as in the first
embodiment. As a control circuit for the heater, the
5 circuit shown in FIG. 4 or 8 explained in the first
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 operation.

Even when the 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 perspective 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 pian view showing another example of
a heater used in the magnetic head according to the
fourth 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
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()-10%& ()- lolégdlng 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 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 head 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 first
embodiment is used.
In the fourth embodiment, a current is also
supplied to thé heater 19 branched from the exciting
15 coil 6 during a write operation, so the main pole 1 is
constantly heated during the write operation and is
not abruptly cooled even immediately after the write
operation. 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
is 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.

Additional advantages and modifications will
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spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A perpendicular magnetic head comprising:

a write head comprising a main pole, a return
yoke and an exciting coil, which produces a

5 perpendicular magnetic field; and

a heater located near the main pole.

2. The head according to claim 1, wherein the
heater opposes a tapered portion of the main pole that
changes from a wide portion far from an air~-bearing

10 surface to a narrow portion close to the alr-bearing
surface.

3. The head according to claim 1, wherein the
heater is made of a wire branched from the exciting
coil. |

15 4. A perpendicular magnetic disk apparatus
comprising:

a perpendicular two-layered film medium
comprising a soft underlayer and a perpendicular
magnetic recording layer;

20 a write head comprising a main pole, a return
yoke and an exciting coil, which produces a
perpendicular magnetic field; and

a heater located near the main pole.

5. The apparatus according to claim 4,

25 wherein the heater opposes a tapered portion of
the main pole that changes from a wide portion far

from an air-bearing surface to a narrow portion close
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6. The apparatus according to claim 4, wherein
the heater is made of a wire branched from the
excliting coil.

5 _ 7. The apparatus according to claim 4, further

comprising a current controller connected to the

heater, and a decision circuit.
8. The apparatus according to claim 7, further

comprising a temperature sensor sensing an internal

10 temperature of the apparatus.



