; €3eB| L6TBj VR. PERPENDI CULAR MAGNETI C RECORDI NG HEAD AND MA
¥ APPARATUS BACKGROUND OF THE | NVENTI ON 5 The present i nvention 4 “ Nmn
per pendi cul ar magnetic recordi ng head and a nagnetic di sc apparat us us%ng

t he perpendi cul ar magnetic recordi ng head. A conventi onal nagnetic*ﬂ*@
apparatus of a perpendicul ar recordi ng system has a double | ayered 10

Under layer e of a hign permeani 11y material and a per pendi NG

recordi ng | ayer having a magnetic anisotropy in the direction perpggshcul ar
to the filmplane thereof, whi thTBEeCFoTHRAIBVENTADNc 15 substrate, and a
-single-pole recording head including a main pole and an auxiliary pole each
made of a hi ghppRPENBDEULAR MAGKET &C . REGERRIMNG | FBAD PIP MB@NFEECt o
efficiently conduct a magnetic flux during a recording operation. 20 Wen

t he conventi onBIlSOelPRARBTASSCc apparatus of a perpendi cul ar recording

systemis required to achieve a higher recording density, a serious problem
is generated that signals ré%%ﬁ%ﬁﬁébNPtQEe?Qﬁxﬁ @NF ium previously are

deteriorated or erased by a weak 25 magnetic field | eak f

auxiliar§ pole duriﬁBeapﬁééGP&iﬁ&V86§ﬁ PiEﬁiaFﬁéiggn?a?%%?ebgghhggfent No.
4,873,599 discloses, ., - 2 .t echni_que_t.,hat , A i whose
permeabi lity pWé@P@E%FVEF?OFa&Pga ggf 8%1gagﬁaggaggtgggﬁebggﬁfggh?hereof
in the noving direction of the h [ s A .dncrease in
pul se noise 5 BéﬁQ?aFﬁSnpFﬁ%Fﬁglggggro&a?ﬁg%%Sx?F?ggggggFg%agh this

t echni que, however, ,it. IS, i_b QR RaSiGRd uppeai=ee dihe above-noted
probl em of the deteﬁi&ﬁgﬁ%§?¥§§§k$€%%ﬁe of the sﬁg%als al ready recorded in

the recording ge%ie'f?bn&cﬁ'l%% rSicdReR ke sqereantiaenal deubglec-lagleredecor di ng
head has high sensitivity to a disturbance magnetic field, it is possible

that theqdi st uapeadirgnelr ealgneltd Drdergs: daingu tnedituar icomgttiigiirgnd er asure
of previously recorded information. Thus, a structure
a soft magnetic underlayer made of a high permeability
material and a perpendicular recording layer having
a magnetic anisotropy in the direction perpendicular
to the film plane thereof, which are formed on a disc
15 substrate, and a single-pole recording head including
a main pole and an auxiliary pole each made of a high
permeability material. The auxiliary pole serves to
efficiently con&uct a magnetic flux during a recording
operation.
20 When the conventional magnetic disc apparatus of
a perpendicular recording system is required to
achieve a higher recording density, a serious problem
is generated that signals recorded in the recording
medium previously are deteriorated or erased by a weak
25 magnetic field leaked from the auxiliary pole during
a recording operation.

Incidentally, U.S. Patent No. 4,873,599 discloses



15 that a wite shield is arranged on the trailing side to the single-pole
recdrdi ng head i s proposed to suppress penetration of the disturbance
magnetic field (see U S. Patent No. 5,311,387). The particular structure
makes it possible to prevent the signal 20 deterioration in a region right
under the main pole. However, the structure gives rise to a problemthat a
magnetic field generated fromthe mai m pd e during a recording operation is
introduced into the wite shield to cause a weak | eakage field fromthe
wite 25 shield, which deteriorates or erases the previously recorded
signals. 1 az-t3chBRYEE ShbANRYe SFafHEUKNVEATY QNoAepwhpERdi cul ar magneti ¢
recordi ng head according to an aspect of the present invention conprises: a
mai n pol e confpgunedbldiyenprageeasivedrdingrsafgagnérre erehdefAeato
perpendi cul ar direction; and an auxiliary pole connected t% %gg mai n pol e
on a trailing shdecentehethermofolis 5he MaViRg Sirgrtirlyefted™Structure in
whi ch a nonmagnetic | ayer is sandw ched between na%neth | ayers. 10 A

per pendi cul ar hegdet in pEdeitdtRgONEEOREC 68 AFCEE25RotMeP a8l 5F t he
present invention conprises: a nmain pole _configured to er at r.ecor di ng
nagnetic5fieldgﬁﬁeéaﬁépﬁeh&iEGFaFdGFrQSthﬁ;a %l&&%FVig%égﬁolggbgﬁﬁgkted to
the main pole on 15 . a | eading side.to.th in:pglexr.a ihte shield
arranged apart Sf Hﬁﬁﬁ@’ngp y6re &% éstﬁg IF%&Bnggotggfﬁéﬁﬁéﬁﬁ pol e and

having a multil ayered structure . | QUGN L el driatSididw ched
bet ween nagnetp %ﬁ&?@@é. 0° Oﬁﬁbﬁéﬁ?ﬁngggﬂapparatus according to anot her

aspect of the present dHvend QL YRS a1 douplre donased patpendi cul ar
recordi ng medi um conprising a soft ragnetic underlayer and a perpendi cul ar

recording |ayer,, Wi gh A diQfed on a substrate; and 25 a perpendicul ar
magneti c recor&ing heaéﬁconprising a main pole configured to generate a
recordi ng magnetic field, i ecoenpenstinrderichaectimnleamile i |
recording head has high sensitivity to a disturbance
magnetic field, it is possible that the disturbance
magnetic field brings about deterioration and erasure
of previously recorded information. Thus, a structure
15 that a write shield is arranged on the trailing side
to the single-pole recording head is proposed to
suppress penetration of the disturbance magnetic field
(see U.S. Patent No. 5,311,387). The particular
structure makes it possible to prevent the signal
20 deterioration in a region right under the main pole.
However, the structure gives rise to a problem that
a magnetic field generated from the main pole during
a recording operation is introduced into the write
shield to cause a weak leakage field from the write

25 shield, which deteriorates or erases the previously

recorded signals.,



1

- 4 an auxiliary pole connected to the main pole on a trailing side to the
mai 1 pole and having a nultilayered structure in which a nonnagnetic | ayer

i s sandw ched between nmagnetic layers. 5 A magnetic di sc apparatus
according to anot her aspect of the present invention conprises: a double

| ayer ed perpendicul ar recordi ng medi um conprising a soft nmagnetic
under |l ayer and a perpendi cul ar recordi-ng Bayer, which are forned on a
substrates and 10 a perpendi cul ar nagnetic recordi ng head conprising a nain
pol e configured to generate a recording nagnetic field in a perpendicul ar
direction, an auxiliary poRRIGENIEOMERY OF ITRETANVEDGIIONoNn a | eadi ng si de
to the main pole, and a wite shield 15 arranged apart fromthe nmain pole
on a trailing side to pehpemiicuicre myhetdy mecpnaing heps efFcomdicxdire in
whi ch a nonmagnetic |ayer is sandw ched between magnetic |ayers. In the
present invent itonant kepacdtt e fsithel presenzo Inyea td@dh COMPEISIEPss that is
thicker in each of edge portions than in a central portion or nmay have such
a nunmber of stackeiof e woRfdiEacafer IBRGTRE FomPsPTet™d | ayer that is

| arger in each of edge portions than in a central, portion. 25 BRI EF

DESCRI PTISON OF g eSRErAIe gl s 2oP PR oRAWING BiESCE 98/ 37 spect i ve

vi ew show ng the nagnetic head and the magneti¢c disc used in.the

per pendi cul ar an -a@l%ﬁetﬂogedi%oél%frogﬁ?s tg-‘cecénra |nn3°‘{qoé %rﬂ)odi ment 1 of
the present invention;. FIG, 2 i I AVA | g, Jragnetic head in
FIG 1 as viewé&“ﬁﬁ%#%%qﬂaﬁﬁ fi5%3?F%b%gﬁ¥*;%gﬁgq%kggykg'ﬁfgi 3isa

e S oot At S N kLD ROTR! i DR bl ot e o
sect i oned perpendicular o the magnetic disk in the track direction at
the center positd o of, e didtwideinddhdi @ Yajsrsa graph showing out put

profiles in the track wdth direction ere the magnetic head of

10 A perpendicular magnetic recording head according
to another aspect of the present invention comprises:
a main pole configured to generate a recording
magnetic field in a perpendicular direction;
an auxiliary pole connected to the main pole on

15 a leading side to the main pole; and a write shield
arranged apart from the main pole on a trailing side
to the main pole and having a multilayered structure
in which a nonmagnetic layer is sandwiched between
magnetic layers.

20 A magnetic disc apparatus according to another
aspect of the present invention comprises: a double
layered perpendicular recording medium comprising
a soft magnetic underlayer and a perpendicular
recording layer, which are formed on a substrate; and

25 a perpendicular magnetic recording head comprising
a main pole configured to genérate a recording

magnetic field in a perpendicular direction, and



Enbodi ment 1 or Conparative Exanple thereof is used; FIG 5 is a plan view
shOWAng a magnetic head according to a nodification for Enbodinent 1 as
viewed 15 fromthe ABS; FIG 6 is a perspective view show ng the nagnetic
head and the magnetic disc used in the perpendicular magnetic disc
apparatus according to Embodinent 2 of the present invention; 20 FIG 7 is
a plan view showi ng the magnetic head in Bl G- 6 as viewed fromthe ABS;
FIG 8 is a vertical sectional view showi ng the nagnetic head in FIG 6,
which is sectioned perpendicularly to the magnetic disc in the track 25
direction at thg cantEri H0sigd N @fnidetemi o pdie,ndFAGpdle som graph
showi ng output profiles in the track width direction where the magnetic
head of - 6 a Brhoidi irents MertCopparea iverE@npie hdeiedf is used; FIG
10 is a plan view show ng the magnetic head according to a nodification for
Enbodi ment 2 asa winelietil dyoned hetABSLUBe FHG WaACh 52 NPRBRIRE BHF sh3Wfhg t he
magnetic head according to Enbodinment 3 of the present invention as viewed
fromthe ABS: A sandwichedrbebivespiragnotiput2¥®bfiles in the track width

direction where the magnetic head of .
5 A magnetic disc apparatus according to another

aspect of the present invention comprises: a double
layered perpendicular recording medium comprising
a soft magnetic underlayer and a perpendicular
recording layer, which are formed on a substrate; and
10 a perpendicular magnetic recording head comprising
a main pole configured to generate a recording
magnetic field in a perpendicular direction,
an auxiliary pole connected to the main pole on
a leading side to the main pole, and a write shield
15 arranged apart from the main pole on a trailing side
to the main pole and having a multilayered structure
in which a nonmagnetic layer is sandwiched between
magnetic layers.
In the present invention, the write shield may
20 have such a thickness that is thicker in each of edge
portions than in a central portion or may have such
a number of stacks of the magnetic layer and the
nonmagnetic layer that is larger in each of edge
portions than in a central portion.
25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a perspective view showing the magnetic

head and the magnetic disc used in the perpendicular



10 Enbodi nent 3 or Conparative Exanple thereof is used; FIG 13 is a plan
vi ew showi ng the nagnetic head according to a nodification for Enbodi nent 3
as viewed fromthe ABS; FIG 14 is a plan view showi ng the magnetic head 15
according to a nodification for the magnetic head in FIG 13 as viewed from
the ABS; FIG 15 is a plan view show ng the magnetic head according to
Enbodi nent 4 of the present invention as ¥iewed fromthe ABS;, 20 FIG 16 is
a graph showi ng output profiles in the track width direction where the
magneti ¢ head of Enbodi nent 4 or Conparative Exanple thereof is used; FIG

17 is a plan vipgynshew AgstheppagaeiisC abestdiagotdi Bgbbdiamemudilf iocdati on for
Enbodi nent 4 as viewed 25 fromthe ABS, FIG 18 is a plan view show ng the
magneti c head ageopdiesentoibveadiiment 5 of the present invention as 1!
viewed fromthe ABS, FIG 19 is a graph show ng output profiles in_ the
track width directi Gawher d st ke plmgnetiies dwvisfs ERsodamrtis dead
Conpar ative Exanple thereof is used; 5 and FIG 20 is a plan view show ng
the magnetic hdad Ficcorldiasg iewedrddion ¢ie ¢ THeaiBsdiSveHie s as vi ewed
fromthe ABS. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 The present inventor
has cond@cted r@fsdrich to clarify why a | eakage field is generated fromthe
auxiliary pole or the wite shield during a recordinq%gﬁggation. It has

r

been found that |ardeGmghetd @ deii e hrieTrishibt y 1" he edge
portions in 15 tthhee Iéa{g%ce iv(\g' tehacf“irneclitf.&n lo,f ddepwd ldaty pple or
perpendicularly to the magnetic disk in the track
direction at the center position of the main pole;
10 FIG. 4 is a graph showing output profiles in
the track width direction where the magnetic head of
Embodiment 1 or Comparative Example thereof is used;

FIG. 5 is a plan view showing a magnetic head

according to a modification for Embodiment 1 as viewed
15 from the ABS;

FIG. 6 is a perspective view showing the magnetic
head and the magnetic disc used in the perpendicular
magnetic disc apparatus according to Embodiment 2 of
the present invention;

20 FIG. 7 is a plan view showing the magnetic head
in FIG. 6 as viewed from the ABS;

FIG. 8 is a vertical sectional view showing
the magnetic head in FIG. 6, which is sectioned
perpendicularly to the magnetic disc in the track

25 direction at the center position of the main pole;

FIG. 9 is a graph showing output profiles in

the track width direction where the magnetic head of



the wite shield, where the magnetic field is concentrated, bringing about
a | dakage field. It was therefore expected that it would be effective to
reduce the nmagnetic donains in order to suppress the 20 | eakage field from
the auxiliary pole or the wite shield. In an enbodi nent of the present
invention, the auxiliary pole is connected to the main pole on a trailing
side to the main pole and has a nultil-ayeé&red 25 structure in which a
nonmagneti c | ayer is sandwi ched between nagnetic |ayers. The particul ar
auxiliary pole nmakes it possible to reduce the nagnetic donuains g _in
both edge portiRRSaihereol &R thepirackvad Hramgole echenmofolasusedsuppress
the | eakage field during the recording operation, with the result that it
is possible to prevent.the psewiplshyviewosHewisgghhesnaInebhrbBeag
deteriorated and erased. It suffices for the auxiliary pole to be of a
three-layer staocdudéngntehachodifibgadire fayeFnbadidaRhghctfcVigyef and
anot her magnetic | ayer are stacked. However, it is also possible to

i ncrease 10 thérounbbe B8BSstacks of the mamgnetic | ayer and the nonmagnetic
| ayer so as to further reduce the_nmagnetic domains Lorned i@.th% edge
portions5of the auxlfarylpdBeai BleRe VieHcBERNAPH &PFeBERER " Fn 835t her
enbodi nent of the present invention, 15 a wite shield i ed . apart
fromthe main BEFErEANGh&Ct ERPPARGEEtde P6 £RE %Fﬁe‘ﬁg| %ﬁ"g%@?ﬁe Write
shield is fornmed into_a nul%ilﬁﬁgned structure in which a nonmagnetic |ayer
i s sandwi ched B&eWeeh Iregné&t Vers. The particular wite shield makes it
20 possible to redu h ti J i hfdes-drantdsons t hereof in
the track width direc Glt'oﬁLerrgL%ggd tgg:a %r@slr{%%% E)akagg field during the
recording oper gy iy il edldeildialielrd TrRosBighiet ikotipadl aift. L he
previ ously r ecor de signals frombeing 25 deteriorated and erased. It
sufficegof or thguMditRrthieldd (emareftivd Hxealay ehexteofctivr esiew whi ch a
magneti ¢ | ayer, ~ g _ a nonnmgnetic |ayer and anot her magnetic |ayer are
stacked. However, itric. asa posghire tiew tiwasey tthe medreatigl hgakks of

t he magnetic |ayer and the nonnmagnetic |ayer so as to further reduce_the
magnetic 5 domaidiorididdecedgequbirtianisicaf fdre Bwiadimsiite|3 45 HRvad ack
width direction. In the present invention, the material of the nagnetic

| ayer used for fitwen athe |IABGY pole or the wite shield includes soft

magnetic materials such as 10 a Co-based magnetjc a%loy Permal | oy and
Sendust. In the presBHE. | h¥ehsidnclaheVHal e PRI the TRFMBhet T T ayer

d f th il | t wWrit hiel d .i tit.ani T
used for he auxi sty pore onthecsrile shicl dnolydes. 1o tanlam 1)

FIG. 13 as viewed from the ABS;

FIG. 15 is a plan view showing the magnetic head
according to Embodiment 4 of the present invention as
viewed from the ABS;

20 FIG. 16 is a graph showing output profiles in
the track width direction where the magnetic head of
Fmbodiment 4 or Comparative Example thereof is used;

FIG. 17 is a plan view showing the magnetic head

according to a modification for Embodiment 4 as viewed
25 from the ABS;
FIG. 18 is a plan view showing the magnetic head

according to Embodiment 5 of the present invention as



15 and carbon (C), which are highly wettable with the aforenmenti oned soft
magrnetic material. It is also possible to use Si02 or alum na (A1203) as
the material of the nonmagnetic |ayer. Enbodi nents of the present invention
w || now be 20 described with reference to the acconpanyi ng draw ngs.
(Enbodinment 1) FIG 1 is a perspective view show ng the magnetic head and
the magnetic disc used in the perpendi<ular fagneti c recordi ng appar at us
according to Enbodinent 1 25 of the present invention. FIG 2 is a plan

vi ew showi ng the magnetic head in FIG 1 as viewed fromthe air-bearing
surface (ABS). FLiea3rksnatMer asal - 10 sectional view show ng the
magnetic head in FIG 1, which is sectioned perpendicularly to the magnetic
disc in the track dipregtiioniat at heaphnistowiasi budpudf prled ideisn igol e. 5 The
magnetic disc 10 includes the disc substrate 11 and the soft magnetic
under| ayer 12 and thecpewpenti dikactievowtieng lthpemagBehi¢i B§agh O4ni sot r opy
in a direction perpendicular to the disc plane, which are forned on the
substrate 11. ERbTHemengnétoc Rempazeltiwe Exarels $bsxesle 1Sy eSfHgnetic
head, includes the read head 30 and the wite head 40 which are forned
separ at eby on ankead substrate (not shown). The read head 30 includes the

| ower shield 31, the read elenent 32, e.qg., .a giant .15 magnet.oresistive
el enent (GVR el ement§LG-arfd tife auppan s"Hﬁ‘g{ f@&nﬁeth@\/ﬁl ee?rcelncgerééf I's
arranged within the read gap for bet.ween. t he, | [ i foQ%C;he
upper shi el d 3RCCRTEIRG ttg.? ﬁe&kﬁ’dg%qicﬁ%ﬁ%’es otrhgmr?ét.o:gr?mﬁgjlme%%sznd't e
auxiliary pole 42 arran on the 20 trailing side to the main pole 41,
whi ch are conné%F@Ht%VE?ﬁ%hconnecting section 43. The coil 44 is wound

around the connecting sgetihgpA3peEhe BBTENIREe 4L gRERateN a recording
magnetic field in a direction perpendicular to the magnetic disc. The

auxi i any 25 pol e 42rhas,fedant | {3y&iesh shdsicéon@uiteani edearamgoeti c | ayer
42f , a nonnagnetic | ayer  42n and anot her nagnetic | ayer 42f are stacked.

The tip - 11 5ecty @2l Waltdee aftvdld aty geieraited sEfamnlet o proj ect
toward the main pole 41 so as to approach the main pole 41. As shown in
FIG 3, the shanieslidigtpse detteews tdesisiefdoduning e seterdadetic
under| ayer 12 of the magnetic disc 10 and the main pole 41 or the auxiliary
pole 42 is expressemtbyn K. In lasidrean bpendi Feat hea¥ee JrAIARILEET i ci ency,
the shortest distance between the main pole 41 and the tiP section 421 of
t he domains are probably formed in the edge portions 1in
15 the track width direction of the auxiliary pole or
the write shield, where the magnetic field is
concentrated, bringing about a leakage field. It was
therefore expected that it would be effective to
reduce the magnetic domains in order to suppress the
20 leakage field from the auxiliary pole or the write
shield.
In an embodiment of the present invention,
the auxiliary pole is connected to the main pole on a
trailing side to the main pole and has a multilayered
25 structure in which a nonmagnetic layer is sandwiched

between magnetic layers. The particular auxiliary

pole makes it possible to reduce the magnetic domains



10 auxiliary pole 42 should be designed to be about 1 to 5 tinmes as nuch as
K. I'n the present Enbodinent, since the auxiliary pole 42 fornmed on the
trailing side to the nmain pole 41 is formed into a multilayered structure
in which 15 the nonmagnetic |ayer 42n is sandw ched between the two
magnetic | ayers 42f and 42f, it is possible in reduce the magneti c domains
in the edge portions in the track widt-h direction of the auxiliary pole 42
so as to suppress the | eakage field during the recording 20 operation,
making it possible to prevent the previously recorded signals from being
deteriorated apd gragsedage NowrtL668! tBepboexprr thent sackonildthed for

confirmng the aforenentioned effect, will be 25 described. A magnetic head
for Enbodi ment girshewsni BoFh&StolstippBenasthabieshagd &ieldl HowsndThe
shortest distance between the main pole 41 and the auxiliary - 12 pole

42 of the magnehkcrbeaddias dpsrghédnt owbshOthearapuihethaki Ftaly pol e 42
had a thickness of 2 a m a height of 15 a mand a width of 40 a m As a
Conpar ati ve Expopkébla tagpeevenhealiehnvengossaysteGerdee §iAPPAS to t hat
shown in FIGS. 1 to 3, except that the auxiliary pole was fornmed of a

si ngl e nBgneti érbaybeingadetgerbipreated. aper §EAGPEuI ar magnetic recordi ng was
performed with each of the magnetic heads..ghe fl¥jg% Qeight %f 10 the
magneti ¢ head was cditt EofdEeSo foronge 20t L 3hYoP % e "di §afce bet ween t he

main pole 41 and the syrface qQf the sof.t neti_c l,ayer. of the
magneti ¢ di sc ?OFhFﬁeFﬁéyFFr§EI§F§HFesFSng%'C&b?emrgggﬁégdﬁgy%%’the entire

surface of theégagnet5%6%@%%R%@ﬁﬂa%%ﬁégﬁ%fﬁqu5%- %%ﬂ%@?%&e%fa&% MHz. Then,

signals were r I'mes in target frack with a

frequency of 15 '%- Furi RRlved, Ne Sijgnalis d ¢uded o itcstindareadeepr oduced
fromthe track§gﬁ%5| qkﬂﬂ&?%%thVn a fénge of "*"SO nmin the radial

directi from RAs 1 @hd rsgrtdraph siney treof i | es of
t he detgc%ted oﬁ%ut lm?gﬁt o a(? v

in the track width direction (radial direction).
As shown in Fl Gorfhadrdetite 16ase &fo Ul rg theriegnetédudecdthd amagrwtic
Conpar ati ve Exanple,” 25 a deterioration of about 14%in the output was
observed in theydusicks fameeaspandilng ddyd e edgnpat itdes axiHezixiliary
pole in the track width - 13 direction while the recordi ng was
performed on thelargetthe aokaclOwidieh cdirgctilanl, in the case of using the
magneti c head for Enbodinment 1, the deterioration in the output.was | ow,
i.e., about 1.1% 5 chan@thgraemb@%lm¢%m/%ﬁovm%gp¥%%€%%gh%Y$%th%%d

according to a nodification for Enbodinent 1 as viewed fromthe ABS._In
this nodiicati®amrife shieldaly PerandsdFP3h e%r% %ﬁee I?’?’]a?l?%g@s?%e to

the main pole 4% is for{ed intQ.a: st Ackega s  S514T Sl WAL G- BL
shield is formed into a multilayered structure in
which a nonmagnetic layer is sandwiched between
magnetic layers. The particular write shield makes it
20 possible to reduce the magnetic domains in both edge
portions thereof in the track width direction so as to
suppress the leakage field during the recording
operation, with the result that it is possible to
prevent the previously recorded signals from being
25 deteriorated and erased.
It suffices for the write shield to be of

a three-layer structure in which a magnetic layer,



10 magnetic layers 42f and five nonmagnetic |ayers 42n are alternately

st acked. Where the nunber of nmgnetic |ayers 42f and nonnmagnetic |ayers 42n
formng the auxiliary pole 42 are increased as in the nodification conpared
wi th Enbodinent 1, it is possible to suppress 15 nore effectively the

| eakage field fromthe both edge portions of the auxiliary pole 42.
(Embodiment 2) FIG 6 is a perspective vi®w-showi ng the magnetic head and
the magnetic disc used in the perpendi cul ar 20 magnetic recordi ng appar at us
according to Enbodi nent 2 of the present invention. FIG 7 is a plan view
showi ng the magngbhrabeadicnlbyer Gndsaubthed fegmethe ABSerFREGe 8 is a
vertical sectional view show ng the magnetic head in FIG 6, which is
sectioned 25 petperdidcul Eolveveo,t bt fagrésocpdissébile thReincxersqi t&6tion at
the center position of the main pole. The nmagnetic disc 10 includes the

di sc - 14 subberapd staghs ofiethef MaghghaC daysdePdy&Pe12 and the

per pendi cul ar recording |ayer 13 havin% an ani sotropy in directian

per pendi cul ar RENRMRENGTIE BRIRE, SRhirch t&r &S dr8ﬁ%Fﬁet pSAIREE . 5

The magnetic head 20, which is a separation t magneti c , s.ncl udes
the read®head 30mad®st A& Wbt @dig«?a@o&’(gmscﬁ%r%zlef 3’%&%’& ggg%?git ery on a
head substrate (not sh mq}. Ige.rea .head 30 includes the |lower shield 31,
the read el ene esi?ﬂé&g.} icH e or?ﬁgnetoresistive el enent (GWR

el ement), and the ug%}eerﬁegke%%e 3 i%srhl & rgl g{lfp@atm S ardangged within

t he read gap forned Dbet e Tower nd the upper shield 33.

The wite head m%%g"ﬁr%é’dfiﬁaé’eﬁlm rfoqoltqle{llamdlﬂﬁ Hd i ol e 42

arranged on the e to the main pole whi ch are connected by

the connecting ,568Gtd Wh#3d Theadd istst paldhddd d sudimnied § nfurta as
mul tilayered structure in which a magnetic |ayer 42f, a nonmagnetic | ayer

42n, and ganot hey amgnaidd Mayrest 42fa ldrcey s tRededl 1 cfheargbi Jeri20. i s wound
around the connecting section 43. Further, the wite shield 45 is arranged
apart fromthe rmitheogsesehonntentienl ity stafeenial el ndier pole 41 with
an insulating film(not shown) interposed therebetween. The wite shield 45
serves to suppresm&feeietrayenmedd afel sthe bantkl haghat ke 9% 8% nto t he
wite head. The wite shield 45 has a nultjlayered structure ipRm@ich a
magnetic | ayer WEﬁtegﬁhﬂﬁﬂmhgh@ql@des titanium” (Ti), ruthenium ),
tantalum (Ta), gold (Au), platinum (Pt), copper (Cu)
15 and carbon (C), which are highly wettable with the
aforementioned soft magnetic material. It is also
possible to use SiOp or alumina (Al03) as the
material of the nonmagnetic layer.
Fmbodiments of the present invention will now be
20 described with reference to the accompanying drawings.
(Embodiment 1)
FIG. 1 is a perspective view showing the magnetic
head and the magnetic disc used in the perpendicular
magnetic recording apparatus according to Embodiment 1
25 of the present invention.  FIG. 2 is a plan view

showing the magnetic head in FIG. 1 as viewed from the

air-bearing surface (ABS). FIG. 3 is a vertical



- 15 layer 45n and anot her magnetic |ayer 45f are stacked. The wite
‘shiéld 45 may be recessed fromthe ABS of the head. As shown in FIG 8, the
shortest distance between 5 the surface of the soft nagnetic underlayer 12

of the magnetic disc 10 and the main pole 41 or the wite shield 45 is
expressed by K In order to optim ze the resistance to the disturbance
magnetic field, the shortest distance-betlWeemr the main pole 41 and the 10
wite shield 45 should be designed to be about 1 to 50 tines as nmuch as K
In the present Enbodinment, since the wite shield 45 fornmed on the trailing
side to the nmaigacRebaadl viisw ehewd nigntthea magintsitliay dreed sty §dCur €/ n whi ch
the 15 nonmagnetic |ayer 45n is sandw ched between the two magnetic |ayers
45f and 45f, i hishpassisklot ionede therpenid avdgrEyi ¢addms Rednetlte edge
portions in the track width direction of the wite shield 45 so as to
suppress the | edlsagerf itdled tohadiknglitres trieeo radi ﬁ@@@%ﬁ@rratﬂoo%tﬁ?ékior% it
possible to prevent the previously recorded signals from being deteriorated
and erased. A rgnetain trede f or Enbodi nent 2 shown in FIGS. 6 to 8 was

fabricated as follows. The shortest distance 25 between. the i e 41
and the Write shiel drhﬂ’o%%’s‘?gqfe%ctjoéb@czlgﬁ e %%? S&Zée d"45 had a

t hi ckness of 2 ~cm a height_of 8 ,um and,a wdt - 70 ,um As a

Conpar ati ve Exaplad £hfagifdth (f“ar%rheg:lhca\}frh%eralas\?erpucﬁjraen%itm ar to that

shown in FIGS. 6 to 8,, except_that . ih [ [ : single
WS ROl Jihde el RS Rk plosy

magneti c | ayer PSEREY cul ar netic recordi ng was

performed with eaCho {rr%'fie%??é‘)&pé&n&‘f&?far e Eﬂaiaﬂs@%%epfwﬁh@h

magneti ¢ head e ovide 0.1 ~ mof the stance between the

main pole 41 angrélhfo,ﬁ{{&flagﬁ ofe theysofstamgnetic underlayer 12 of the
0.

magnetic 10 discC nthe first step, signals were recorded over the

entire sysface of thenpgegaghteidi B6ad020) thhacki hgl @ bepgueheytyped0 MHz.
Then, signals were repeatedly recorded 1,000 times in a target track with a
frequency of 15Q-MrgtiEunéher, ihbeudegnahe readrbedd130fandt therwrite
reproduced fromthe tracks positioned within a range of 50 nmin the radi al
direction fromhbadt 40gehithaske EbGned bepargtaphi Shodi RB2But put profiles
in the track width direction. As shown in FIG 9, in the,caie of % ing 20
the magnetic heaubfbrathe (Jofpahavhve EXBApFeadahgafesPoiBElBASH Eﬁout 13%

in the output was observed in the tracks corresEo\%%i ng to the edg% portions
of the wite shilewsri ahipédt BackthedtRadi REEFER 1 &-fhe Pelofting was

perfornEgSOH thIef\lagnetoresistive element (GMR element), and the upper

shield 33. The GMR element 32 is arranged within the
read gap formed between the lower shield 31 and the
upper shield 33. The write head 40 includes the main
pole 41 and the auxiliary pole 42 arranged on the

20 trailing side to the main pole 41, which are connected
by the connecting section 43. The coil 44 is wound
around the connecting section 43. The main pole 41
generates a recording magnetic field in a direction
perpendicular to the magnetic disc. The auxiliary

25 pole 42 has a multilayered structure in which a
magnetic layer 42f, a nonmagnetic layer 42n and

another magnetic layer 42f are stacked. The tip



25 target track. On the other hand, in the case of using the magnetic head
for 'Enbodi nent 2, the deterioration in the output was low, i.e., about

0. 9% - 17 FIG 10 is a plan view showi ng the magnetic head according to
a nodification of Enbodinment 2 as viewed fromthe ABS. In this

nodi fication, the wite shield 46 arranged on the trailing side to the main
pole 41 5 is forned into a stacked strucfdire-in which four magnetic | ayers
46f and t hree. nonnagnetic | ayers 46n are alternately stacked. Were the
nunber of magnetic | ayers 46f and nonnmagnetic |ayers 46n formng the wite
shield 46 are Lpgtgasedrasofnthbeanrdifiaegt pohe 40 is Esrpedstble to
suppress nore effectively the | eakage field fromthe both edge portions of
the wite shiepdo4Bctcooparddtivet haEnbpdieeAl 20 @EnbodepRAPagh FRE 11 is
a plan view showi ng the magnetic head 15 according to Enbodi nent 3 of the
present inventmatnapoleeddd fromthe ABS. The magnetic head shown in FIG
11 is simlar in structure to the magnetic head for Enbodinga}i%%]mhich was
described with refePensdorm RNGFIE. excdire Shordssie O 'EREWISTESH el d.
The 20 differences in structure between the nagneticlhead EEOW@ E%eFIG. 11
and t hat Sshown the Eucfazewolf] the #githl PegRStaCnERIH 1PRET 6F1 O 11y

description. The wite shield 51 is arranged_apart,.fromthe i:R 41 of
the wite head“@@n@ﬁlfh@lFFaﬂﬂ ﬁEQﬁﬁﬁg ?@gpopP #&'ﬁ%bgkg f%ﬁ%gﬁﬁgjn
insulating film (not shown) inter her.eb ol Iibe $eel d 51
has a mul til ay&CF S dét é’ﬁeﬁs\%d?c%ﬁ’dé%'na&ﬁleﬁr\(@l%gigr r8)%J[:\-/}[!IidlltBZ% 51f, a

nonmagneti ¢ | aﬁ%ﬁ&%@"%ﬂ%‘%ﬁgﬁ%ﬁ I draglt st StRakRdn In the

present Enbodi sane e as In Enbodinent 2 is al so provided.

That is, since e Wit g5 &dd ki ithd dipdddition @imdd idmyer ed

structure, it is possibl'e to reduce the magnetic donmains in the edge

portions g n thetfack W Bl digedtian ofbd heesirdiieal shi ded Hibwso las to
suppress the | eakage fi'el'd during the recordi ng operation, making it
possible to prewers tieeslGpmewiouss K ecorded signals from being
deteriorated and erased. Further, the wite shield 51 in the present

Enbodi ment i s for medIsuche tpeeséne Bobvddboert posinensthe aweltF3EX wi dt h
direction are inclined toward the 15 | eadi ng side, conpared with the
central portiorpoldhel2v formedhi et ot tead hepd el darks ditamaa P Has a
function of suppressing penetration of a disturbance magnefic .field not
only fromthe téhcks dioeeed oinbrita bt Fave e FrEeKE '%H}PCW$%§?ion. The

Sxper| T 5. COMBCRGRAGREE LT | Hhol The & B SHHTI SRUEGT 2L e 1 be
descri bed. two magnetic layers 42f and 42f, it is possible to
reduce the magnetic domains in the edge portions in
the track width direction of the auxiliary pole 42 so
as to suppress the leakage field during the recording
20 operation, making it possible to prevent the
previously recorded signals from being deteriorated
and erased.
Now, results of experiments, conducted for
confirming the aforementioned effect, will be
25 described. A magnetic head for Embodiment 1 shown in
FIGS. 1 to 3 was fabricated as follows. The shortest

distance between the main pole 41 and the auxiliary



A magnetic head for Enbodinment 3 shown in FIG 11 was fabricated as
foll'ows. The shortest distance between 25 the nmain pole 41 and the wite
shield 51 was designed to be 1.5 ,gym The wite shield 51 had a thickness
of 2 ,um a height of 15 ~c mand a width of 90 ~ m - 19 As a

Conpar ati ve Exanple, a magnetic head having a structure simlar to that
shown in FIG 11, except that the wite 3Bi eFd was fornmed of a single
magnetic | ayer, was fabricated. 5 Perpendicular magnetic recordi ng was
performed with each of the magnetic heads. The flying height of the
magnetic head ygsecaptbel trd hegpeevtdreBdlwasmiebighedditst Bace between the
main pole 41 and the surface of the soft magnetic underlayer 12 of the
magnetic 10 di 8¢21Qml n The fuxslistepobe ghdl bader cthbekreed dfer the
entire surface of the magnetic disc 10 with a single frequency of 40 MHz.
Then, signals wenensepeatighy o&cbdded RIBHE tWJrﬁafgliﬁ £atfet track with a
frequency of 150 WMHz. Further, the signals recorded 15 first were
reproduced frofst he Compeketpusi Exonedeni thid IR aTydese 56YHRAY% n the radia
direction fromthe target track. FIG 12 is_a graph W ng .,qutput profiles
in the tback wadshrgicteae sinidgrs otk I§'Iht‘§\‘“g’12",rl iﬁr&%ﬁeqcécs?e 3(?5f usi ng 20

the magnetic head for the Conparat,ive Exanple, a terioration gf, about 25%
in the output RESSFFsd&MAdd The A idrad spgg‘rer e&on |r%éc{)§aét k?ergelgIgge portions

of the wite shield 51, which are t i.ncli ned portions extending to the
tip ends, whil @AFEDE TG i ﬁ’ga%v;;a%&é%aee@

ormed on the target track. On the

ther hand, in the casealaaing. e BONSticchiahd safrposionmias. L he

deterioration in th u .e., about 0.8~. FIG 13 is a

pl an vi ew shovﬁ&gcﬁ t]e%dﬂ:rgﬁetﬂ t}%}%&ciccorﬂgg&; 0 Bnd1ofll firtqtheoiglof of

Enbodi nent 3 as Vi ewe romthe In this nodification, the wite shield

5 52 ha;@ st agked SISt 1 enddH Wi € heah thiBgNBdd ctd aysesvEé , 0 al nomneghet i ¢
| ayer 5Zn arid another magnetic |ayer 52f are alternately stacked. The
magneti c head shoawgigtdnde dScwkdéd erlse fmaim tpate shbwand ntle Gunfacq t hat
the magnetic |ayer 52f on the trailing side is 10 nade thicker in each of
the edge porti ams fhensdfie maghéntd woder bager ol 2 hetf t Fpe SAYSRSF1Ehe write
shield 52. FIG 14 is a plan view showi ng the magneti c head according to a
nodi ficati on ofdf$& 103 abnvikeelifsbnstept heldwmsls | WeEf| Ee%ﬁﬂg{??ﬂcati on,

the wite shield 53 _ ‘ _
over the entire surface of the magnetic disc 10 with

15 a single frequency of 40 MHz. Then, signals were
repeatedly recorded 1,000 times in a target track with
a frequency of 150 MHz. Further, the signals recorded
first were reproduced from the tracks positioned
within a range of *£50 nm in the radial direction from

20 the target track. FIG. 4 is a graph showing profiles
of the detected output [mV] in the track width
direction (radial direction).

As shown in FIG. 4, in the case of using the

magnetic head for the Comparative Example,

25 a deterioration of about 14% in the output was
observed in the tracks corresponding to the edge

portions of the auxiliary pole in the track width



has a simlar shape as a whole to the wite.shield 52 in FIG 13, whereas

t he 'nunber of magnetic |layers 53f and nonmagnetic layers 53n is larger than
that in FIG 13. Further, in the wite shield 53, the nunber 20 of nmagnetic
| ayers 53f and nonmagnetic |ayers 53n included in each of the both edge
portions are larger than that in the central portion. (Enbodiment 4) FIG
15 is a plan view showi ng the magneti e hgad 25 accordi ng to Enbodi ment 4 of
the present invention as viewed fromthe ABS. The nagnetic head shown in
FIG 15 is simlar in structure to the nagnetic head - 21 for Enbodi nent
2, which was dgsgebbednwivhhleefreeneeotrdikyGrad, pexfepredhenshiipe of the
write shield. The differences in structure between the magnetic head shown
in FIG 15 andthihgetshemnkin S6hG:hZ wtherbbasdmainl yhexprarned PALlPfHe
foll ow ng description. The wite shield 61 is arranged aEart fromthe main
pol e 41 of thethei heghetidc4bead fhe EmkpHingnsi de Fgetﬁé RELATBSEERAL with
an insulating film (not shown) interposed therebetmegn. The wite shield 61
10 has a nul ti Layshedostpust HREdLPW, whi-€h/ a@RBYfeti ¢Sl ayer 61f, a
nonmagneti c | ayer 61n and anot her magnetic_| ayer f are SE%%K %adAISO in
the presént Enbodi miG, ©théSs&nbléff ¥eeVasHoN1B%h fdinEie s tnrdy 156 “pr ovi ded.

That is, since the wiite shield 61.is, 15 faroed._i Lt il.ayer
structure, it PSCRESIPH &% 6 P@gﬁiécﬁﬁé°§a§ﬁ§tg€b§§%g?ﬁguﬁnafh§q§g%g

Doy oos the I Expmr gt gy o S nBlu M Hhiellidlingyas |

suppress the | &&Riy he recordi ng operation, naking it

possible to prevent 4t2h§u%%n%rehvioqluscl recanded; sigRals fthemmkaimgole
. S

deteriorated akd &r ase ould also be noted that the wite shield 61

in the present gmhadipatd S AQNSE 4iGlat S edridiaird He nagnet isid ayer 61f

alone on the trailing side is made 25 thicker in each of the both edge
portiong g n theddrank Widijerd rest iom thare inordweyreernita dla yrors id¥n In the
case of arranging the wite shield 61 of the - 22 particular structure,
the magnetic flave densddnatel ¥ overaited n derofthtaiddr edgergsBratiohs and
the | eakage field is made smaller than that in the case of FIG 7. The
wite shield 61 apyrbel 2 coss etbrinagna thiec 5LaABT Hf43hE HEWRI Alfagnet i ¢ head

for Enbodi ment 4 shown in FIG 15 was fabricated as fq{loms . Jhe shortest
di st ance auxiliary pole 42 are increased as in the modification

compared with Embodiment 1, it is possible to suppress
15 more effectively the leakage field from the both edge
portions of the auxiliary pole 42,
(Embodiment 2)
FIG. 6 is a perspective view showing the magnetic
head and the magnetic disc used in the perpendicular
20 magnetic recording apparatus according to Embodiment 2
of the present invention. FIG. 7 is a plan view
showing the magnetic head in FIG. 6 as viewed from the
ABS. FIG. 8 is a vertical sectional view showing the
magnetic head in FIG. 6, which is sectioned
25 perpendicularly to the magnetic disc in the track
direction at the center position of the main pole.

The magnetic disc 10 includes the disc



between the main pole 41 and the wite shield 61 was designed to be 2 ,um
"The 'wite shield 61 had 10 a thickness of 1.5 ~ min the thin portion and 3
~min the thick portion, a height of 8 ,um and a width of 80 ,um As a
Conpar ati ve Exanple, a magnetic head having a structure simlar to that
shown in FIG 15, except that the wite shield was forned of a single 15
magnetic | ayer, was fabricated. Perpendi cd ar- magnetic recordi ng was
performed with each of the nagnetic heads. The flying height of the

magneti c head was controlled to provide 0.1 ,umof the distance between the
mai n pol e 41 ar@iddieay flacen2D tife tshef ts afdgmegnetirclamiderdayler @i of t he
magnetic disc 10. In the first step, signals were recorded over the entire
surface of the thwgmetriperdiism iy widdoralisindglaydr ddudrasingd 40 MHz. Then,
signals were repeatedly recorded 1,000 tinmes in a target track with 25 a
frequency of 150 Mz scduramhierin tehalisiqpialon mesmeisdidukat tertdh e ebrstiuced
fromthe tracks positioned within a range of 50 nmin the radial direction
from - 23 tanggethiqghacce Aiagmed 915 Eheyrals 5Hhé ngt out put profiles
in the track width direction. As shown in FIG_ 16, in the case of using the

magneti ¢ thead for t HEROIMERAEISNEBAMY e, WKL ¢kt 67 | IFRFTDNTOF 2%t 12%
in the output was observed |{n the trac correspondi to the e . portions
of the wi !toe sHagREFIfF tl'i‘F'ea‘%'r af(fkcpjvbf %%‘? e%‘ﬁ%ﬂ‘%ﬁhrgot%%é r&%ﬂ%?lnge was
erfornmed on the target .track, t hgggil in.t e of using 10
Itohe magneti c hgéeaacfolgéeéﬂr%% m%%e_fonff,mf%cg %%aerl ora¥i(5(}}1 ‘?ﬁm%%% out put wgs
low, i.e., abouéu%?%% II @C)EL?S 2 pl afhé/lfg\éét}?é{\é@gg,@ hen dpgRes | endead

according to a nodi n of odinent 4 as viewed fromthe ABS. In this

modi fication, the¢ideishhesq, hb2rdas a1shdht as2 shapg. Asaagiete to that

in FIG 15, whereas the nunber of magnetic |ayers 62f and nonmagnetic
layers 620 is |RigeetdPagishibei s hént 1hcMRusibeent) p ahe whétepsérel d 62,
t he nunber of magnetic |ayers 62f and nonnagnetic | ayers 62n 20 included in
each of the botihedpe portiThe GMR ¢hemgentt hanis hatrangefiewtehinatheorti on
( Enbodinent 5 ) FIG 18 is a plan view showi ng the magneti c head accordi ng
t o Enbodi nent Sre#édtdep pfeseed baﬁ@ﬂehohhaleBeviéhbﬁlgr6h1©h@ PBS. The
magnetic head shown in FIG 18 is simlar in structure_to the magnetic head
for Embodi ment @ppehi chiehd 38scrThedviiith Readréfcéncludeg the main

pole 41 and the auxiliary pole 42 arranged on the
15 leading side to the main pole 41, which are connected
by the connecting section 43. The auxiliary pole 42
is formed into a multilayered structure in which
a magnetic layer 42f, a nonmagnetic layer 42n, and
another magnetic layer 42f are stacked. The coil 44
20 is wound around the connecting section 43. Further,
the write shield 45 is arranged apart from the main
pole 41 on the trailing side to the main pole 41 with
an insulating film (not shown) interposed
therebetween. The write shield 45 serves to suppress
25 penetration of a disturbance magnetic field into the
write head. The write shield 45 has a multilayered

structure in which a magnetic layer 45f, a nonmagnetic



to FIG 7, except the shape of the wite shield. The differences in
structure between the magnetic head shown in FIG 18 and that shown in FIG
7 will be mainly explained in the follow ng description. 5 The wite shield
71 is arranged apart fromthe main pole 41 of the wite head 40 on the
trailing side to the main pole 41 with an insulating film (not shown)

i nterposed therebetween. The wite shiel d%1 -has a nultilayered structured
in which a magnetic 10 |ayer 71f, a nonmagnetic |ayer 71n and anot her
magnetic | ayer 71f are stacked. Also in the present Enbodi nent, the sane
effect as in Enhoéirmrsn 2nmarepoviaektifhatayves, Shese etaghad shiel d
71 is formed into a nmultilayered structure, it is possible 15 to reduce the
magneti ¢ donai Mmhd watite edgelpbrds orey ibe thecassack Mok Hhi ART iOh of the
wite shield 71 so as to suppress the | eakage field during the recording
operation, mekithe iltegzbssi ble to prevent the previously recorded signals
frombeing deteriorated 20 and erased. Further, in the wite shield 71 for
the present Enbodi nehs,shown niyneiGc §ayhre 72R05HeST Het Bﬂ%ﬁ@ﬁ%?f%e?%yer
71n are tapered in the both edge portions in the téac mﬁdt{bc%fe sdon such
that these portitmsSWrERS dade ? eI TRTHC tHE T 12 ¥nds. “ 17 t he case of
arranging the wite shield 71 of the particul ar. styuctur it.]8-poOssible
to suppress thdragnedrc %bﬁ%e% r3RF oo hig %%b%e{#céﬁlﬁa%s&%%é%he edge
portions so as to, suppress_the le figld +1h 1 fal St iphe to
conpletely eli n?rhh?ggtﬁg tRa%3ge” %ﬂ%‘?gb}/ nft heI%dgE&%%r%? oﬁ%#ﬂ?ﬁééwi te

shield 71 may 5_be. ed f LBS- t de Aj8Bgnethe head for
Enbodi nent 5 sh%%%l%ﬁgﬁﬁéig?8£§gg&?§grlca?%% gggﬁgﬁlgms% Thg short est

di stance betweegyfhe gRi 8; pehecdlnapdebhetnei heishbeld 21 wad dnsigned to
be 1.5 am The wite shield 71 had 10 a thickness of 1.5 a min the thin

portion apd 3 ~,pip theelhi ¢k pRotlanbeadbeightdoto8ba apoambdlatwi dth of
90 a m As a Conparative Exanple, a magnetic head having a structure
simlar to thatsghewieksnaEl fmuch8aseKcept that the wite shield was forned
of a single 15 magnetic |layer, was fabricated. Perpendicul ar magnetic
recordi ng was per f or med tivet presentoEmbled imegitet isdnfadde T te whigtki ght
of the magnetic head was controlled to provide 0.1 ~ m of thg diitance
bet ween t he i A5pEbemed andthietxaidiss 8096f tPhENSOPEIRRGREE & lunder | ayer
12 of the magnetic disc 20. In the first step, %i%naLs M@;ﬁ rﬁ qQr ded over
the entire surf&esmerl amnéomaghwtitd laives et SRS g ¥Rl @cy of 40
MHz. Then, signals were repeatedly recorded 1,.000 ti [ target track
with 25 a5frequépspagnefses ﬁﬁﬂ?rF&PPhéF,SPW€W§%§%ﬁ §%&§§§$H§ efF%@% wer e
reproduced fromthe tracks positji.qned Wt n.q range Of;1pQ Y ixxdhe radia
direction from PaIngg1G ﬁ@y{)egrsgélt?’%?raglc 4 ’Gﬁldasr% % gt aph showi ng out put

the magnetic domains in the edge portions in the track

width direction of the write shield 45 so as to

suppress the leakage field during the recording

20 operation, making it possible to prevent the
previously recorded signals from being deteriorated
and erased.
A magnetic head for Embodiment 2 shown in FIGS. 6
to 8 was fabricated as follows. The shortest distance
25 between the main pole 41 and the write shield 45 was

designed to be 2 pm. The write shield 45 had

a thickness of 2 um, a height of 8 xm, and a width of



profiles in the track wwdth direction. As shown in FIG 19, in the case of
"using the magnetic head for the Conparative Exanple, 5 a deterioration of
about 11%in the output was observed in the tracks corresponding to the
edge portions of the wite shield in the track width direction while the
recording was perforned on the target track. On the other hand, in the case
of using 10 the magnetic head for Enbodi &€nt -5, the deterioration in the
output was low, i.e., about 0.30. FIG 20 is a plan view show ng the
magneti ¢ head according to a nodification of Enbodinment 5 as viewed from
the ABS. In this pmgl fixatd compden thiotd Exdae s, pornaormetia herdtrack width
direction of the wite shield 72, having a nultilayered structure in which
a magnetic | ayravigafy, aashonotgnet sémidger tp26hakdshAvRhéR FR§Ret Pc | ayer
72f are stacked, are inclined on the trailing side. In this case, the total
20 thi ckness ofotBe mmgepti thrgyshe writet HBlRéANHGSeEPEMREyEE 72n and the
magnetic |layer 72f is substantially uniform_over the entire region in the
wite shield 72. shadilei Bagneidvanredgés ¥Ad F6arLCe4€ElPons will readily occur
to those skilled in the art. Therefore, .25 the inventiagn inééﬁhégoader

aspects Ps not |im EEFRERILR STeMFNE t& S0 AT i SSHT AT Ve

enbodi nents shown. and descri bed herein. Accordin , L .

nodi ficati ons W&?hbgaﬁgﬂé&afgﬁoﬁﬁgﬁgﬁéFt|ﬁS%Ffong%%%jg'ﬁb%?%gﬁgggogé of the
general inventive cancept. fined d el .and, fheier

equi val ent s. tylezglaggﬁ%ﬁﬁa%e%%Al D%:tg%al%%ggr%p?%gﬁ%ﬁé;? magﬁleti c

recordi ng head, ,ONPISINGE 1 HiRidh R AN gL d 1t Qr@eneratsiefaceor di ng
5 magnetic field 1n a perpendicular direction; and an auxiliary pole

connected to thg majd et R diaidddas side e tdfe g mapnletiand having a
mul tilayered structure in which a nonmagnetic |ayer is sandw ched between

magneti g g ayer 531 sk0 12 . A perpend it farstagnetignalec ovaiengrdradiedonpri si ng:
a main pole configured to generate a recording
over the entire surface of the magnetic disc 10 with
a single frequency of 40 MHz. Then, signals were
repeatedly recorded L,OOO times in a target track with
a frequency of 150 MHz. Further, the signals recorded
15 first were reproduced from the tracks positioned
within a range of *50 nm in the radial direction from
the target track. FIG. 9 is a graph showing output
profiles in the track width direction.
As shown in FIG. 9, in the case of using
20 the magnetic head for the Comparative Example,
a deterioration of about 13% in the output was
observed in the tracks corresponding to the edge
portions of the write shield in the track width
direction while the recording was performed on the
25 target track. On the other hand, in the case of using

the magnetic head for Embodiment 2, the deterioration

in the output was low, i.e., about 0.9%.



_magnetic field in a perpendicul ar direétion; an auxiliary pole connected to
the main pole on 15 a leading side to the main poled and a wite shield
arranged apart fromthe main pole on a trailing side to the nain pole and
having a nmultil ayered structure in which a nonmagnetic |ayer is sandw ched
bet ween magnetic |layers. 20 3. The perpendicul ar nmagnetic recordi ng head
according to claim2, wherein the wite §Hi eFd has such a thickness that is
thi cker in each of edge portions than in a central portion. 4. The
per pendi cul ar magnetic recordi ng head 25 according to claim2, wherein the
write shield has sughga ngnher aoblahackewokholwe nemghet maghaydc dedd he
nonmagnetic layer that is larger in each of edge - 29 portions than in
a central portaeaor8ingheoper peddif¢ubaiomgfeEnboddpendi AgakeddedeCor di ng
to claim?2, wherein the auxiliary pole has a multilayered structure in
whi ch a nonnagtiebinc theyaBS5 | $nsihdwi vhdd fBcakden nigeetirdtrapeiselds. A
magneti c di sc apparatus, conprising: a double |ayered ggn endiculgr
recordi ng nmedi 4 esrpRgsingha thef traddAsdi 61G8dEA &P&r M&id RO3Er fendi cul ar
recording layer, which are fornmed on 10 a substrates and.a er endi cul ar
magnet i ¢ 5r ecor disngoRBEE d8Er PsiSig K efaiSh (NG TEorf e £ égnerate a
recording magnetic field in a perpendicular direction, a qﬁ% i]iary
pol e connect ed " e et F5 ;%Ifgat?% gl!ltrreaﬁ Inioﬁlalasqn(fencltco% er}r?l?ilh)ngﬂpol e and
havi ng are alternately stacked. Where the number of magnetic
layers 46f and nonmagnetic layers 46n forming the
write shield 46 are increased as in the modification,
10 it is possible to suppress more effectively the
leakage field from the both edge portions of the write
shield 46, compared with Embodiment 2.
(Embodiment 3)
FIG. 11 is a plan view showing the magnetic head
15 according to Embodiment 3 of the present invention as
viewed from the ABS. The magnetic head shown in
FIG. 11 is similar in structure to the magnetic head
for Embodiment 2, which was described with reference
to FIG. 7, except the shape of the write shield. The
20 differences in structure between the magnetic head
shown in FIG. 11 and that shown in FIG. 7 will be
mainly explained in the following description.
The write shield 51 is arranged apart from the
main pole 41 of the write head 40 on the trailing side
25 to the main pole 41 with an insulating film (not

shown) interposed therebetween. The write shield 51

has a multilayered structure in which a magnetic layer
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‘magnetic layers. 7. A nagnetic disc apparatus, conprising: a double |ayered
per pendi cul ar recordi ng nmedi um 20 conprising a soft magnetic underl ayer and
a perpendi cul ar recording layer, which are fornmed on a substrates and a

per pendi cul ar magnetic recording head conprising a main pole configured to
generate 25 a recording magnetic field irn8 perpendicular direction, an
auxiliary pole connected to the nmain pole on a | eading side to the nain
pole, and a wite - 30 shield arranged apart fromthe main pole on a
trailing side tqfhe MnhaR@led iand sRaw Bgna amd tincayerethastetdicur e in which
a nonmagnetic |ayer is sandw ched between magnetic |l ayers. 5 8. The
magnetic di sC apRaratusy ageorsdidtkdd clIai mhg presresitn B dimiend ,shi el d has
such a thickness that is thicker in each of edge portions than in a central
portion. 9. Thehwgretd efifiest apdmatfmbaadamndi By itso allcipgaiiAedmer ei n
the wite shield has such a nunber of stacks of the magnetic |ayer and the
nonmagnet i ¢ | ayldvatt Hat, isince ddre iwridacishofeleld dor tiomed Hd-d n a central

portion. 10. The magnetic disc apparatus according to 15 claim?7, erein
the auxiliary pomulidslavenad dtasterest rdctif LIFIMITHR ’%FcFH}rFe?gnf\ék{]‘? c

| ayer is sandwi ched between magnet
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& A& ALE A& Ag\fvgi' t‘?ii Aﬁ?é&&(ﬁr?ggfbt%eh%ite shield 51 so as to

suppress the leakage field during the recording
operation, making it possible to prevent the
10 previously recorded signals from being deteriorated
and erased.
Further, the write shield 51 in the present
Embodiment is formed such that the both edge portions
in the track width direction are inclined toward the
15 leading side, compared with the central portion.
The write shield 51 having the particular shape has
a function of suppressing penetration of a disturbance
magnetic field not only from the track direction but
also from the track width direction. The write shield
20 51 may be recessed from the ABS of the head.
Results of experiments, conducted for confirming
the aforementioned effect, will be described.
A magnetic head for Embodiment 3 shown in FIG. 11 was
fabricated as follows. The shortest distance between
25 the main pole 41 and the write shield 51 was designed
to be 1.5 um. The write shield 51 had a thickness of

2 pum, a height of 15 um and a width of 90 um.
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within a range of ®£50 nm in the radial direction from
the target track. FIG. 12 is a graph showing output
profiles in the track width direction.
As shown in FIG. 12, in the case of using
20 the magnetic head for the Comparative Example,
a deterioration of about 25% in the output was
observed in the tracks corresponding to the edge
portions of the write shield 51, which are the
inclined portions extending to the tip ends, while the
25 recording was performed on the target track. On the
other hand, in the case of using the ﬁagnetic head for

Embodiment 3, the deterioration in the output was low,
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according to a modification of Embodiment 3 as viewed
from the ABS. 1In this modification, the write shield
5 52 has a stacked structure in which a magnetic layer
52f, a nonmagnetic layer 52n and another magnetic
layer 52f are alternately stacked. The magnetic head
shown in FIG. 13 differs from that shown in FIG. 11 in
that the magnetic layer 52f on the trailing side is
10 made thicker in each of the edge portions from
the inclined portions to the tip ends of the write
shield 52.
FIG. 14 is a plan view showing the magnetic head
according to a modification of FIG. 13 as viewed from
15 the ABS. 1In this modification, the write shield 53
has a similar shape as a whole to the write shield 52
in FIG. 13, whereas the number of magnetic layers 53f
and nonmagnetic layers 53n is larger than that in
FIG. 13. Further, in the write shield 53, the number
20 of magnetic layers 53f and nonmagnetic layers 53n
included in each of the both edge portions are larger
than that in the central portion.
{(Embodiment 4)
FIG. 15 is a plan view showing the magnetic head
25 according to Embodiment 4 of the present invention as

viewed from the ABS. The magnetic head shown in

FIG. 15 is similar in structure to the magnetic head
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to FIG. 7, except the shape of the write shield.
The differences in structure between the magnetic head
shown in FIG. 15 and that shown in FIG. 7 will be
5 mainly explained in the following description.

The write shield 61 is arranged épart from the
main pole 41 of the write head 40 on the trailing side
to the main pole 41 with an insulating film (not
shown) interposed therebetween. The write shield 61

10 has a multilayered structured in which a magnetic
layer 61f, a nonmagnetic layer 6ln and another
magnetic layer 61f are stacked. Also in the present
Embodiment, the same effect as in Embodiment 2 may be
provided. That is, since the write shield 61 is

15 formed into a multilayered structure, it is possible
to reduce the magnetic domains in the edge portions in
the track width direction of the write shield 61 so as
to suppress the leakage field during the recording
operation, making it possible to prevent the

20 previously recorded signals from being deteriorated
and erased.

It should also be noted that the write shield 61
in the present Embodiment is constructed such that the
magnetic layer 61f alone on the trailing side is made

25 thicker in each of the both edge portions in the track
width direction than in the central portion. In the

case of arranging the write shield 61 of the
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FIG. 7. The write shield 61 may be recessed from the

5 ABS of the head.

A magnetic head for Embodiment 4 shown in FIG. 15
was fabricated as follows. The shortest distance
between the main pole 41 and the write shield 61 was
designed to be 2 pm. The write shield 61 had

10 a thickness of 1.5 um in the thin portion and 3 um in
the thick portion, a height of 8 um, and a width of
80 pum. As a Comparative Example, a magnetic head
having a structure similar to that shown in FIG. 15,
except that the write shield was formed of a single

15 magnetic layer, was fabricated.

Perpendicular magnetic recording was performed
with each of the magnetic heads. The flying height of
the magnetic head was controlled to provide 0.1 um of
the distance between the main pole 41 and the surface

20 of the soft magnetic underlayer 12 of the magnetic
disc 10. 1In the first step, signals were recorded
over the entire surface of the magnetic disc 10 with
a single frequency of 40 MHz. Then, signals were
repeatedly recorded 1,000 times in a target track with

25 a frequency of 150 MHz. Further, the signals recorded

first were reproduced from the tracks positioned

within a range of *50 nm in the radial direction from
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portions of the write shield in the track width
direction while the recording was performed on the
target track. On the other hand, in the case of using
10 the magnetic head for Embodiment 4, the deterioration
in the output was low, i.e., about 0.3%.

FIG. 17 is a plan view showing the magnetic head
according to a modification of Embodiment 4 as viewed
from the ABS. In this modification, the write shield

15 62 has a similar shape as a whole to that in FIG. 15,
whereas the number of magnetic layers 62f and
nonmagnetic layers 62n is larger than that in FIG. 15.
Further, in the write shield 62, the number of
magnetic layers 62f and nonmagnetic layers 62n

20 included in each of the both edge portions are larger
than that in the central portion.

(Embodiment 3)

FIG. 18 is a plan view showing the magnetic head
according to Embodiment 5 of the present invention as

25 viewed from the ABS. The magnetic head shown in

FIG. 18 is similar in structure to the magnetic head

for Embodiment 2, which was described with reference
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differences in structure between the magnetic head
shown in FIG. 18 and that shown in FIG. 7 will be
mainly explained in the following description.

5 The write shield 71 is arranged apart from the
main pole 41 of the write head 40 on the trailing side
to the main pole 41 with an insulating film (not
shéwn) interposed therebetween. The write shield 71
has a multilayered structured in which a magnetic

10 layer 71f, a nonmagnetic layer 71ln and another
magnetic layer 71f are stacked. Also in the present
Embodiment, the same effect as in Embodiment 2 may be
provided. That is, since the write shield 71 is
formed into a multilayered structure, it is possible

15 to reduce the magnetic domains in the edge portions in
the track width direction of the write shield 71 so as
to suppress the leakage field during the recording
operation, making it possible to prevent the
previously recorded signalé from being deteriorated

20 . and erased.

Further, in the write shield 71 for the present
Embodiment, the magnetic layer 71f and the nonmagnetic
layer 71n are tapered in the both edge portions in the
track width direction such that these portions are

25 made thinner toward the tip ends. In the case of
arranging the write shield 71 of the particular

structure, it is possible to suppress the
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portions so as to suppress the leakage field, though
it is impossible to.completely eliminate the leakage
field in the edge portions. The write shield 71 may
5 be recessed from the ABS of the head.

A magnetic head for Embodiment 5 shown in FIG. 18
was fabricated as follows. The shortest distance
between the main pole 41 and the write shield 71 was
designed to be 1.5 um. The write shield 71 had

10 a thickness of 1.5 gm in the thin portion and 3 ugm in
the thick portion, a height of 8 um, and a width of
90 um. As a Comparative Example, a magnetic head
having a structure similar to that shown in FIG. 18,
except that the write shield was formed of a single

15 magnetic layer, was fabricated.

Perpendicular magnetic recording was performed
with each of the magnetic heads. The flying height of
the magnetic head was controlled to provide 0.1 um of
the distance between the main pole 41 and the surface

20 of the soft magnetic underlayer 12 of the magnetic
disc 10. In the first step, signals were recorded
over the entire surface of the magnetic disc 10 with
a single frequency of 40 MHz. Then, signals were
repeatedly recorded 1,000 times in a target track with

25 a frequency of 150 MHz. Further, the signals recorded
first were reproduced from the tracks positioned

within a range of *50 nm in the radial direction from
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the magnetic head for the Comparative Example,
5 a deterioration of about 11% in the output was
observed in the tracks corresponding to the edge
portions of the write shield in the track width
direction while the recording was performed on the
target track. On the other hand, in the case of using
10 the magnetic head for Embodiment 5, the deterioration
in the output was low, i.e., about 0.3%.
FIG. 20 is a plan view showing the magnetic head
according to a modification of Embodiment 5 as viewed
from the ABS. In this modification, the both edge
15 portions in the track width direction of the write
shield 72, having a multilayered structure in which
a magnetic layer 72f, a nonmagnetic layer 72n and
another magnetic layer 72f are stacked, are inclined
on the trailing side. 1In this case, the total
20 thickness of the magnetic layers 72f, the nonmagnetic
layer 72n and the magnetic layer 72f is substantially
uniform over the entire region in the write shield 72.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
25 the invention in its broader aspects is not limited to

the specific details and representative embodiments

shown and described herein. Accordingly, various
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WHAT IS CLAIMED IS:

1. A perpendicular magnetic recording head,
comprising:

a main pole configured to generate a recording

5 magnetic field in a perpendicular direction; and

an auxiliary pole connected to the main pole on
a trailing side to the main pole and having
a multilayered structure in which a nonmagnetic layer
is sandwiched between magnetic layers.

10 2. A perpendicular magnetic recording head,
comprising:

a main pole configured to generate a recording
magnetic field in a perpendicular direction;

an auxiliary pole connected to the main pole on

15 a leading side to the main pole; and

a write shield arranged apart from the main pole
on a trailing side to the main pole and having
a multilayered structure in which a nonmagnetic layer
is sandwiched between magnetic layers.

20 3. The perpendicular magnetic recording head
according to claim 2, wherein the write shield has
such a thickness that is thicker in each of edge
portions than in a central portion.

4. The perpendicular magnetic recording head

25 according to claim 2, wherein the write shield has
such a number of stacks of the magnetic layer and the

nonmagnetic layer that is larger in each of edge
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5. The perpendicular magnetic recording head
according to claim 2, wherein the auxiliary pole has
a multilayered structure in which a nonmagnetic layer
5 is sandwiched between magnetic layers.
6. A magnetic disc apparatus, comprising:
a double layered perpendicular recording
medium comprising a soft magnetic underlayer and
a perpendicular recording layer, which are formed on
10 a substrate; and
a perpendicular magnetic recording head
comprising a main pole configured to generate
a recording magnetic field in a perpendicular
direction, and an auxiliary pole connected to the main
15 . pole on a trailing side to the main pole and having
a multilayered structure in which a nonmagnetic layer
is sandwiched between magnetic layers.
7. A magnetic disc apparatus, comprising:
a double layered perpendicular recording medium
20 comprising a soft magnetic underlayer and
a perpendicular recording layer, which are formed on
a substrate; and
a perpendicular magnetic recording head
comprising a main polé configured to generate
25 a recording magnetic field in a perpendicular

direction, an auxiliary pole connected to the main

pole on a leading side to the main pole, and a write
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shield arranged apart from the main pole on a trailing
side to the main pole and having a multilayered
structure in which a nonmagnetic layer is sandwiched
between magnetic layers.

8. The magnetic disc apparatus according to
claim 7, wherein the write shield has such a thickness
that is thicker in each of edge portions than in
a central portion.

9. The magnetic disc apparatus according to
claim 7, wherein the write shield has such a number of
stacks of the magnetic layer and the nonmagnetic layer
that is larger in each of edge portions than in
a central portion.

10. The magnetic disc apparatus according to
claim 7, wherein the auxiliary pole has a multilayered
structure in which a nonmagnetic layer is sandwiched

between magnetic layers.



