MAGNETI C RECORDI NG HEAD AND MAGNETI C DI SC STORAGE APPARATUS MOUNTI NG THE
MAGNETI C HEAD BACKGROUND OF THE I NVENTION 1. Technical Field The present
invention relates to a magnetic head suitable for perpendicular magnetic
recording, a process of manufacturing the nagnetic head, and a nagnetic
di sc apparatus nmounting the magnetic head. 2. Background Art In magnetic
di sc apparatuses, data on a recording nediumis read and witten using a
magneti c head. In order to increase the recording volume per wunit area on
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per pendi cul ar recording system has been proposed whereby a nmagneti zati on
signal is recorded in a direction perpendicular to the nedium There are
two typeBAEKSHRQUND UF IHEARYYENEIONcor di ng. One enpl oys a doubl e- ayer
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magnetic field gradient in the perpendi cul ar conponent of the head field

with which the2. BaakgiothdmAmi dt h of the recording bit cells is determ ned,
namely the field gradient in the head-field perpendicular conponent in the
direction of hBEhd12gnghispaisc appargtuses, data on a recording medium is read and

written using a magnetic head. In order to increase the recording volume per
unit area on a magnetic disc, areal density must be increased. In the current
longitudinal recording systems, however, as the length of bits that are recorded
decreases, the areal density cannot be increased due to thermal fluctuations in the
magnetization in the medium. To solve this problem, a perpendicular recording
system has been proposed whereby a magnetization signal is recorded in a
direction perpendicular to the medium.

There are two types of perpendicular magnetic recording. One employs a
double-layer perpendicular magnetic recording medium comprising a soft
underlayer, and the other employs a single-layer perpendicular medium having no
underlayer. When a double-layer perpendicular magnetic recording medium is
used as the recording medium, recording must be carried out using a so-called
single pole type (SPT) head having a main pole and an auxiliary pole, so that a
larger intensity of magnetic field can be applied to the medium.

In addition to the strength of the head field for recording, the magnetic
field gradient in the perpendicular component of the head field with which the
transition width of the recording bit cells is determined, namely the field gradient
in the head-field perpendicular component in the direction of head transport, is a

very important factor for realizing high recording density. In order to achieve
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*very inportant factor for realizing high recording density. In order to
achieve 1 ever-higher recording density in the future, the field gradient
must be further increased. Al so, the curvature of the nagnetic-transition
pattern in the recording bit cells poses an obstacle for the realization
of higher recording densities. In order to inprove recording density, track
density and linear density mnust be increased also in perpendicul ar
recordi ng. For obtaining an inproved track density, the track wi dt h of the
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with the center portion of the main pole exhibiting a maximum strength and the
contour lines getting wider and wider between adjacent lines towards the outside.
As a result, the magnetic-transition pattern that is recorded is curved such that the
magnetic-transition position in the track center portion is located towards the disc
rotation direction more than the magnetic-transition pattern in the track edge
portion. Such a phenomena has been actually clearly identified based on the
result of observation by magnetic force microscopy (MFM).

The aforementioned phenomenon is produced by the fact that the main
pole is made of only one magnetic layer. A magnetic head is known in which a
shield made of a magnetic material is provided near the main pole of the magnetic
head, such as ones disclosed in Patent Document 1 and Non-patent Documents 1
to 6, which are listed below. The techniques disclosed in these documents are
designed in light of the increase in magnetic field gradient and are not intended
for correcting the problem of curvature of the magnetic-transition pattern in the
recording bit cells. While Patent Document 2 discloses a structure in which the
auxiliary pole is provided with a protruding portion, this protruding portion is

different from the aforementioned shield, which draws the magnetic field. The
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for correcting the problem of curvature of the magnetic-transition pattern
in the recording bit cells. Wiile Patent Docunent 2 discloses a structure
in which the auxiliary pole is provided with a protruding portion, this
protruding portion is different fromthe aforenentioned shield, which
draws the magnetic field. The 2 protruding portion is al so displaced away
fromthe main pole by a distance of several mcrons, so that it cannot
provi de the effect provided by the present invention, as will be described
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SUMMARY OF THE INVENTION

In addition to the strength of the recording head magnetization and the
magnetic field gradient, another important factor for the realization of high
recording density is the binarization of the field distribution, particularly the field

distribution on the trailing side (downstream of the direction in which the disc
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Magnetic Materials SUVMWWARY OF THE I NVENTION In addition to the strength of
the recordi ng head magneti zation and the magnetic field gradient, another

i nportant factor for the realization of high recording density is the

bi nari zation of the field distribution, particularly the field

distribution on the trailing side (downstreamof the direction in which the
disc a rotates) which determ nes the nagnetic-transition pattern of the
bits recorded on the nmedium If the magnetic-transition pattern is curved
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curvature of the nmagnetic-transition pattern in the recording bit cells
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cal cul ating the recording magnetic field by
magnetic recording head capable of “rectifying the curvature of the
magnetic-transition pattern in the recording bit cells and a magnetic disc
apparatus mounting the perpendicular magnetic recording head.

The invention provides a SPT head including a main pole and an auxiliary
pole. A magnetic layer is disposed on a trailing side of the main pole. The
magnetic layer is provided with a protruding portion protruding towards the main
pole. The width of a side of the protruding portion opposite the main pole is
smaller than the width of the main pole on the trailing side. The shape of the
protruding portion may be rectangular or trapezoidal, for example.

The inventors realized, after calculating the recording magnetic field by
three-dimensional computer simulation, that by using the recording head of the
above-mentioned shape, the magnetic field distribution can be made linear in the
direction of the track width and the curvature of the magnetic-transition pattern in
the recording bit cells can be corrected. As the field distribution is made linear
in the track width direction, the magnetic-transition width of the recording bits
can be decreased, so that the extent of deterioration of the reproduction resolution
due to the curvature of the magnetic-transition pattern can be reduced. By

mounting the recording head, a magnetic disc apparatus with an improved

recording density can be obtained.



t hr ee- di nensi onal conputer simulation, that by using the recordi ng head of
the above-nentioned shape, the nagnetic field distribution can be nade
linear in the direction of the track width and the curvature of the
magnetic-transition pattern in the recording bit cells can be corrected.
As the field distribution is nade linear in the track width direction, the
magnetic-transition wdth of the recording bits can be decreased, so that
the extent of deterioration of the reproduction resolution due to the
curvature of the magnetic-transition pattern can be reduced. By nounting
the recording head, a magnetic disc apparatus with an inproved recording

density ¢ | = I OF THE DRAWNGS Fig. | shows
an exanpl@ﬁtlﬁﬁt[ﬁgéé%gﬁgw@ @Fs@gﬁg@@b ccording to the invention. Fig.
2 shows an examgl,e ' i . | ead_and
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shows anagnhentigxanpl e of the structure of the nagnetic head. Fig. 5 shows
an exanple of a recording head according to the invention. Fig. 6 shows

i somagnetic fi dlig. Rishesvsodn axampher df tige relgriehslipfictvden il m@gndtis hexd and
recorded magneti zation configuration by sinulation. Fig. 8 shows a

vari ati or® BRENREC fifhetic layer. Fig. 9 shows the rel ationship between the
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process of manufacturing the magnetic

Fig. 6 shows isomagnetic field lines of a recording magnetic field.

Fig. 7 shows recorded magnetization configuration by simulation.

Fig. 8 shows a variation of the magnetic layer.

Fig. 9 shows the relationship between the thickness of the magnetic layer

and the extent of curvature of the isomagnetic field lines.
Fig. 10 shows the arrangement of the recording head when there is a skew.
Fig. 11 shows the relationship between the distance between the main pole

and the magnetic layer and the extent of curvature of the isomagnetic field lines.

Fig. 12 shows an example of the process of manufacturing the magnetic

head according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will be hereafter described by way of embodiments with
reference made to the attached drawings.

Fig. 1A schematically shows an example of the magnetic disc apparatus
according to the invention. Fig. 1B is an enlarged view of a magnetic head
slider portion of the apparatus. Fig. 1C is an enlarged view of a magnetic head
portion of Fig. 1B as seen from the head air bearing surface.

The magnetic disc apparatus carries out recording and reproduction of a

magnetization signal on a magnetic disc 11 rotating in a direction of an arrow 17,
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head according to the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The invention will be hereafter described by way of enbodi nents
with reference made to the attached drawings. Fig, I A schematically shows
an exanpl e of the magnetic disc apparatus according to the invention. Fig.
113 is an enlarged view of a magnetic head slider portion of the
apparatus. Fig. 1Cis an enlarged view of a nmagnetic head portion of Fig.
113 as seen fromthe head air bearing surface. The magnetic di sc apparatus
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reproducti on head 18. The Tteproduction head I ncl udes a Feproduction
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recording head 16 includes a main pole 1, an auxiliary pole 3, and a
magnet i c el¢mgrlr 7 shspasg)l Betweeat aj sowespbidd 8owad dm tuppetrstiikld@. si ke of
the main pole, Fig. 2 gch%ggtically shows t he relationshhf bet ween t he
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coil 2 in which a recording signal flows is nmagnetically coupled with a
magnet i ¢ nedgnstict lapretieongiitofingibe muiin pede @ ih, thaubiidcitimmyohidlectrack & redaeedi ng
Layer at a position referred to as a flare point 33. A distance 34 between the flare
point 33 of the main pole 1 and the air bearing surface is referred to as a throat
height.

Fig. 3 illustrates the concept of perpendicular recording. A conductive
thin-film coil 2 in which a recording signal flows is magnetically coupled with a
magnetic circuit made up of the main pole 1, auxiliary pole 3, a recording layer
19, and a soft underlayer 20. The magnetic field leaving the main pole 1 passes
through the recording layer 19 and soft underlayer 20 of the magnetic disc
(perpendicular magnetic recording medium) and then enters the auxiliary pole 3,
thus forming a magnetic circuit and recording a magnetization pattern in the
recording layer 19. In some cases, an intermediate layer is formed between the
recording layer 19 and the soft underlayer 20. The reproduction element 7 of the
reproduction head employs a GMR head or a TMR head.

Fig. 4 shows another example of the magnetic head according to the
invention, in which the positional relationship between the main pole 1 and the
auxiliary pole 3 with respect to the disc rotation direction 17 is opposite to that in
the magnetic head shown in Fig. 3. Specifically, in the recording head of the

magnetic head of Fig. 3 the auxiliary pole 3 is disposed upstream (leading side) of

the rotation direction of the disc with respect to the main pole |, whereas in the
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19, and a soft underlayer 20. The nmagnetic field |eaving the main pole 1
passes through the recording | ayer 19 and soft underlayer 20 of the
magneti c disc (perpendicular magnetic recordi ng nedium and then enters
the auxiliary pole 3, thus formng a magnetic circuit and recording a
magneti zation pattern in the recording layer 19. In sone cases, an

i nternmedi ate layer is fornmed between the recording |layer 19 and the soft
under| ayer 20. The reproduction elenment 7 of the reproduction head enpl oys

a GWR head or,.a TMR.head. Fig. 4.sho not her .exanple of the magnetjc head
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recordi ng head of the nagnetic head shown in Fig. 4, the auxiliary pole 3
is di spesdelof thexretording heaagl isidupbdedibywhe hippes plield 0o thh eepraidocingl teeall. | n
the arrangenment of Fig. 4, the nmagnetic |ayer 32 may_ be ioined to the
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per pendi cul ar magnetic recording mediumis t sane. FiIg. SNOWs ~ an

exanpl e @f deoa froaPikk agr beatn@ceefadeNg The fekBrdiRgeRdddOmclddes 8eRaghé®m t he
air bearing surface. The recording head i ncludes a magnetic |ayer 32

di sposed layaraB 2isdispesedr tivkdardg the deaidingt hidenad thepab@nlpoleéhe. ndheembgnetiayer
32 includes a protruding portion 32a, pr(&#\ﬁect ing towards the main pole 1.
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main pole 1 and parallel to the side of the main pole 1 on the trailing side, the
width being set to be smaller than a width Tww of the side of the main pole 1 on
the trailing side. The magnetic layer 32 may be joined to the auxiliary pole 3.

The auxiliary pole 3 may be disposed either on the leading side of the
main pole 1, as shown in Fig. 3, or on the trailing side, as shown in Fig. 4.
Alternatively, the auxiliary pole 3 may be disposed on both the leading and
trailing sides of the main pole 1. Fig. 5 shows an example where the auxiliary
pole is disposed on the trailing side.

The magnetic layer 32 is provided for the purpose of drawing in the
recording field and therefore has a different function from the auxiliary pole, and
it must have a small thickness in the depth direction of the head. The inventors
discovered that by providing the protruding portion 32a opposite the main pole of
the magnetic layer 32 such that Tww > Nw, the magnetic field at the center of the
main pole can be strongly drawn in via the edge of the main pole, thereby
reducing the curvature of the isomagnetic field lines. As the techniques
disclosed in Patent Document 1 and Non-patent Documents 1 to 6 draw in the

magnetic field across the entire width of the track, they cannot prevent the
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wi dth being set to be smaller than a width Tww of the side of the main pole
1 on the trailing side. The magnetic | ayer 32 may be joined to the
auxiliary pole 3. The auxiliary pole 3 may be disposed either on the

| eadi ng side of the main pole 1, as shown in Fig. 3, or on the trailing
side, as shown in Fig. 4. Aternatively, the auxiliary pole 3 may be

di sposed on both the leading and trailing sides of the main pole 1. Fig. 5
shows an exanple where the auxiliary pole is disposed on the trailing
side. The magnetic layer 32 is provided for the purpose of drawing in the
recor di ngufvaibte ahthe isemefgoetc Hedddimisf f erent function fromthe auxiliary
pole, and it npust have a small thickness in the depth direction of the
head. The invefed¢¥Ingli®cHhi@Fed® RAdt 7yt olires dymensiopebt magnetic péield on
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entire wwdth of the track, they cannot prevent the 7 curvature
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t hree-di nensi onal magnetic field calculations performed by the inventors
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strength of .the fie]d generated by the SPT head in which _a magnetic |ayer
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i nvent i omdpaetiadishe structure shown in Fig. 5. The magnetic field strength
Is the strength of the field at the | engthwi se center of the recording
| ayer of the Magnaturatal smgnetic flux density of the main pole was 2.2 T and the

geometric track width was 160 nm. The saturated magnetic flux density of the
magnetic layer disposed on the trailing side was 1.0 T. The dotted lines in the
drawings indicate the main pole 1 and the portion of the magnetic layer 32
opposite the main pole 1. The contour lines are 7.96x10* A/m apart.

Comparison of Figs. 6A and 6B shows that the curvature of the
isomagnetic field lines on the trailing side is suppressed more in the SPT head of
the invention than in the SPT head of the conventional structure. In the case of
the SPT head having a magnetic layer (shield) of the conventional structure
without the protruding portion, the distance between the isomagnetic field line
with one-half the maximum recording field strength and the trailing position of
the main pole was 83 nm at track edge and 94 nm at track center, thus resulting in
a difference L1 of 11 nm. On the other hand, in the case of the SPT head fitted
with the magnetic layer (shield) with the protruding portion according to the
invention, the corresponding distance was 89 nm at track edge and 98 nm at track
center, resulting in difference L1 of 9 nm, which is smaller, and creating a more
linear field distribution.

Figs. 7A and 7B show simulation charts obtained by calculating the

recording magnetization configurations of the medium with the use of the two
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The saturated magnetic flux density of the main pole was 2.2 T and the
geonetric track wwdth was 160 nm The saturated magnetic flux density of
the magnetic |ayer disposed on the trailing side was 1.0 T. The dotted
lines in the drawi ngs indicate the main pole |I and the portion of the
magnetic | ayer 32 opposite the main pole 1. The contour lines are 7.96x
104 Alrn apart. Conparison of Figs. 6A and 6B shows that the curvature of
the isomagnetic field lines on the trailing side is suppressed nore in
the SPT head of the invention than in the SPT head of the conventional
structurehealdﬁ sth%wws@lgﬁ 6 A HndsPl, mespgchaelng Bigmdgnepitespayds to Fig.ebd) of
t he convent structure W thout the protruding portiaon. the distance
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track center, resulting in difference LI of nm which is smaller, "and
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charts obtained by calculating the recording magnetization configurations
of the nedPasitivet fire¢eonsandihe mditenwpoBidnsaiddistiownagmetiziation HAa aregabivs,
respectlgf %ﬁ Fig. 7A corresponds to Fig. 6A and indicates the recording
magnet i z&t'T¢1!%onfi gurati on obtained with the SPT head of the conventi onal

oLruct e, 00 SIERS S0 O e S5 Giend  BE ReShf oo,

The i ndi vhahwdtiLemRhl GUFAL I7ESHYBAE GRIPRCSPYNRSH cﬁfkh%%aénnmmwm tia! d

strength condition. The black portions indicate magnetization in

posi tive ofi gt i Dh, obtadntdewidhi tthe poshveminahdSeat elelaagnerhaat-d:mdueuan

negative resolution of the recording magnetization recorded with the SPT head of the
conventional structure was 27.9%, whereas the reproduction resolution obtained
when the head structure of the invention was used for recording was 29.6%, thus
indicating an improvement. Thus, in accordance with the invention, the
reproduction resolution can be improved and a higher-density magnetic disc
apparatus can be realized.

Furthermore, the magnetic recording head of the invention can be applied
not only to the double-layer perpendicular magnetic recording medium but also to
other magnetic recording media having a soft underlayer and still the same effects
can be obtained. For example, the same effects can be obtained in oblique
anisotropic media.

Fig. 8 shows variations of the shape of the magnetic layer opposite the
main pole. The shape of the protruding portion of the magnetic layer, which is
disposed on the trailing side of the main pole, protruding towards the main pole is
not limited to the rectangular shape shown in Fig. 5. For example, the
protruding portion may have shapes shown in Figs. 8A and 8B such that a

distance GL between the center of a side of the main pole 1 on the trailing side

thereof and the opposite side of the magnetic layer 32 is smaller than a distance

9



direction. It will be seen that the magnetic transition is sharper in the
recording magnetization of Fig. 7B obtained with the SPT head of the
invention than in that of Fig. 7A obtained with the conventional SPT head.
The reproduction resolution of the recording magneti zation recorded with
the SPT head of the conventional structure was 27.9% whereas the
reproduction resol ution obtained when the head structure of the invention
was used for recording was 29.6% thus indicating an inprovenent. Thus, in

accor dancﬁiﬁd th the jnvention, t roduction resol ution can be inproved

) h -
and a hig tEFéW§F?§L?nf ﬁ%tquthﬂisé € Ogsgﬁrrﬁi“@sp‘élénl B8 thedraidig sidgrthgesafor e,
th | di h .t [ i on. b lied t ly .t
the douniand HEFRE e raanste 1t c 1 IBeofRs Rearihrtte dreoSt s ner
magnet | ¢ Heetioh AP dRKiBe N BNo et BObbidiRder | aver and still the same

effects can be obtal ned- For exanp e sanme effects can be obtained in
oblique ani sotTHpmaghedt daydr 32 dpoRedon/ie ahilfSsidk dh@eShaps pole t1hg
magneti c | ayer opposite the main pole. The shape of the protruding portion
of the nugreided fayehe punpese iof drdimsppsiedtlon redwedinginiggtici dieldf ahdetherni n
pole, protruding towards the nmain pole is not limted to the rectangul ar
shape shdusengticlayer sustdre dinipitbe depth diseetiendifithe ordi oFigay shaws thhapes

Side of RLTRR Qe ob HendHERa Y 6 BideaieodhY annd HcogBBtia Sfs! de

f th | 32 i | di tween .the,ed
of the oianfamte GVRhe MeolibenfRt bld Nfbe?, TEAL MGG chid 2upe MBI GRG0
of the nmaghgkiness |dFye 3Ragnlelict Hyer,Cas® theOvetitQ] SBH® iRAT@ES dPffefdi®e L1

i nvention as descri bed above can be obtained. The magnetic |ayer 32
di sposed tetwebre theaidistagcesi @d dfe tibemapnetipafieldl line exhibiting one-half the

maximum recording field strength to the main pole at track center and track edge.
It will be seen from Fig. 9 that L1 can be decreased by making the thickness of
the magnetic layer 32 approximately equal to the throat height, which is the
distance between the flare point, where the width of the main pole 1 is narrowed,
and the air bearing surface. Thus, it is desirable in the present invention that the
thickness of the magnetic layer 32 be smaller than the throat height.

In magnetic disc apparatuses, the side of the main pole 1 towards the
trailing side is not necessarily perpendicular to the track direction and could be
inclined with a so-called skew angle o, as shown in Fig. 10. The side of the
protruding portion 32a opposite the main pole 1, the protruding portion being part
of the magnetic layer 32 joined to the auxiliary pole 32 on the trailing side,
should desirably not extend beyond the width of the main pole 1 in the track
direction even when there is skew angle a. Accordingly, width Tww of the side
of the main pole 1 on the trailing side, width Nw of the side of the protruding
portion 32a of the magnetic layer 32 opposite the main pole 1, and a distance
GLE between the edge of the protruding portion 32a and the main pole 1 should
desirably be set with respect to a maximum value o of skew angle such that the
following relationship is satisfied in order to make the isomagnetic field lines

linear.
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provi ded for the purpose of drawing in the recording magnetic field, and
the nmagnetic |ayer nust be thin in the depth direction of the head. Fig. 9
shows the relationship between the thickness of the magnetic |ayer and the
degree of curvature of the isomagnetic field |ines. The horizontal axis

i ndicates the thickness of the magnetic |ayer, and the vertical axis

I ndi cates difference LI between the distances of the isomagnetic field

| ine exhibiting one-half the maximumrecording field strength to the nain

pol e at track cept a rack edge. It will be seen fromFig. 9 that LI
can be decreaséhgﬁcﬁﬁﬂgﬁﬁéséiéxﬁﬁl8kness of the magnetic |ayer 32

approxi matel y yal,to the throat height, which.is th di st ance bet ween
the flare poi nﬁﬂg\,\L%FgOWREhW?}FﬁOB%IP%Oé“WﬁFE tﬁ%fjéﬁ?miegbﬂ&ereﬁ&ma@n%?\ﬁf?he
air beari r : Ity 4 | l.e.d e ' Loy t
a1 Dear 9 SN EFT IR di 47 MGRLL BPLEr e RS ETELON AL

I n magnetTie dofi¢oaRidadas usfeFig. t e i8didatdf tHh@alRi BbRM&E byl URUIRIIEDS a
trailing side is not necessarily perpendicular to the track direction and
coul d be mimohimdistantdh Gl boweah ltke nsdievpdagind the magneitvolayer foined.tot@e The
side of the protruding portion 32a opposite the nmain pole 1, the

pr ot r udi rigxplaaryi pelesHsprpegdarm thegtaifing sidgredithe maiparolg2ugiogreedistancehsTS

auxi li ar ole 32 on the trailjng side, should desirably not extend_ beyond
o i di tPeDvethdhs i HearBE BureR R et rle AoheosAt HHE REr e The
skew angl r ¢iwgl M T h i of, the nmain le | .on the
trailing @f@%alp%%mﬁgtog ‘ﬂ% gll 1%%5%5%? LI%}heeEE)rsocfs S’S?ﬁl E\%e gb%?’t'l?ec?ngéﬁvfef}ftﬁfhe
magnet i ¢ ik@Encdtic FMPIinE ekN®itid BnRNAS Ihe Ikithuih TEANEN g&ﬁgbﬁ}e@gﬁ the
edge of the protruding portion 3Za and the nmain poie | shou% esir y be
set W t h ahdstheahainopaiemmxiavknoensdrignd rack edigew Jhegl gestee!L t hatthé eore the

following relationship is satisfied in order to nmake the isomagneti c field
lines | ipreapgnetic digdd dimeanananpurved Ex It tveidl betseen from Fig. 11 that if GL is

large, L1 also becomes large and the effect of making the isomagnetic field lines
linear cannot be obtained. Conversely, if GL is too small, L1 becomes large,
resulting in a reduced effect of making the isomagnetic field lines linear. The
figure indicates that L1 can be reduced to 10 nm or less in a range of GL/ATS
between 0.4 and 1.5, where an enhanced effect of making the isomagnetic field
lines linear can be obtained.

Fig. 12 shows an example of the process of manufacturing the magnetic
head according to the invention, as seen from the direction of the air bearing
surface of the head.

Initially, as shown in Fig. 12A, an inorganic insulating film 101, a
magnetic film 102 to be made into a main pole, an inorganic insulating film 103
to be made into a gap, a magnetic film 104 to be made into a protruding portion
of the magnetic layer (shield), a stopper 105 for chemical-mechanical polishing
(CMP), and an inorganic insulating film 106 are sequentially stacked in the
mentioned order. This is followed by the formation of a resist 107 with a shape
shown using a lift-off technique. Then, ion milling is carried out as shown in
Fig. 12B to render the magnetic film 102 into the shape of a main pole.

Thereafter, an inorganic insulating film 101’ is formed as shown in Fig. 12C,
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Fig. I | shows the relationship between the di stance between the main pole
and the magnetic | ayer and the degree of curvature of the i somagnetic
field lines. The horizontal axis of Fig. |I | indicates the val ue obtained
by standardi zing a mninmum di stance GL between the main pole and the
magnetic |layer joined to the auxiliary pole disposed on the trailing side
of the main pole, using a distance ATS between the air bearing surface of
the main poIe and the soft wunderlayer. The vertical axis of Fig. 11

el o1 IS Y1 g TBRBAIAR ol ha M P EORaR TOF eaTe & WERGLsmaliet
h h
the T sortanapat of F inff e B0l OBRE IS F SRR A2 o bE i e

if G is 1ahaf geeceldoal e e o] f k
i somagnet |a(5:, f?elcdc | neilpst |{r;1::§<r'§?l cdar%n%t Iﬁg;gglg?g? ge&)%%%:%%\]}e?%e rgglﬁé]g&? (ifs

t oo smal |thelthainesslers | arge, resulting in a reduced effect of making the
i somagneti c field lines linear. The figure indicates that LI can be
reduced to 10 nfhengran gwsgamicansalagiegofillBUANS isbfsrmednad showndinlFig. WdHer e
an enhanced. effect of maki ng the isomagnetic field lines |linear can be
obt ai ned. Which is) shegh planasizedx byt Mbprast peown gaekig. o} 2ranbhataadiern ghergeis
magneti c . head accordi o_t.he invent as seen fromithe ectign of
The'ai r HEAPES EEOIVLEE miine o, BUE fRTipipey Re qualn ity Frd kb auig)ﬁ?ryan
|norgan| 1 e

| pd1BSHIP TN sl bgﬁlﬁéagp@ ¢ T398Cblpold fyn{}%{rglmggga of the rBail

pol e, I norgani c 1 nsu made i nto a magneti

film 104 polebexdrpdavihdieotte prabudidpNBortint EQMts, Odnd RenlBAREL GyEAYI®Y’ is
(shield), a stopper 105 for cheni cal - mechani cal polishing ( ), and an

i nor gani dformsd iat fheggfdoven 1(thear ¢he eguions ehtircketlabk elbtied lines imdHigi aAEd
order. This is fol|owed by the formation of a resist 107 with a shape
shown usi¥§ BMe¥ad Bfr’fmﬂ'é’d'#gmltaﬁﬁebﬁﬁb??min@nthﬁ headptructag of ddeoinveatioahown

in Fig. %%I‘Bmtlon .qezr 'the magnetic film 102 into the shape of a main pole.

Thus, the invention provides a recording head capable of correcting the
curvature of the magnetic-transition pattern in the recording bit cells. By
mounting the recording head, a magnetic disc apparatus can be obtained that is

suitable for high recording densities.
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Thereafter, an inorganic insulating film101" is forned as shown in Fig.
12C, 11 followed by the fornmation of a nagnetic |ayer piece 104 having a
width smaller than that of the main pole by ion mlling, as shown in Fig.
12D. The magnetic |ayer piece 104 constitutes the protruding portion

di sposed on the trailing side of the main pole. Then, an inorganic
insulating film21l01" is formed as shown in Fig. 12E, which is then

pl anarized by CWP, as shown in Fig. 12F. Thereafter, there is forned a

groove f f or m a.pillar for joining the main pole and the auxiliary
pol e ando\%/&a?f%?%%ﬁﬁdés'rmgneti c layer disposed on the trailing side of the

mai n  pol X t -0t r udi i exl st and a _magnetic | ayer
104" is ?ogn@égl}]ﬁﬁ?ﬁ-@ggr%@glg’% en,rg?%@?%%r}{%lggnl cglf'ldéi’ngc? SRy P Y6t ?Iéch M nhes
in Fig. ili MOMRdeiRYa Haohknd, i i : ure
of the i wgr]\lt]iﬁ%}ﬁpéghom 'i:llr% aFFHga.nggg]aﬁrﬂﬁ%%H%%%Q}dmrgﬁp? ag%ﬂ%r%\@?%éihg‘fﬁ;ﬂ

r ecor di ngpdleathecmaghttic G)ziya?d’farv@ﬁ}%]iar}g'otﬂm@ingipbﬂ@éxﬂﬁn@oﬂﬁdir%etowards the main
magnetic-transition pattern in the recording bit cells. By nounting the

r ecor di ngpdieawhereindbaetidth df scidppéitia psotcadingep arbitoai oygebstteatheimainspoleabl e
for high recording densities. 12 What is clained is: 1. A nmagnetic head
conpri si n§ Swa}ll@édg%ﬁl e Wadtdh ofbeyapingplernn thegsridingngidan auxiliary pol e,
wherein a magnetic layer is disposed on a trailing side of the main pole,
the magnetic |ayer having a protruding portion protruding towards the main

e_magnet | having a prot rudi ng rot rudi __
i ' pol & 1% EREPPUL oRadlacpfh{E 7P PEALEHA 8 U p ARl

2. The megngie @ailagoside oPnHE ﬂgaih?mtré ﬁﬂﬁhéﬁthﬁh&h@h&éﬂé@icé‘lﬁﬁki.i ary pole is.
di sposed on the trailing side of the nmain pole farther than the magnetic
| ayer .

3. The magnetic head according to claim 2, wherein the magnetic layer is joined

to the auxiliary pole.

4. The magnetic head according to claim 1, wherein the auxiliary pole is disposed

on the leading side of the main pole.

5. The magnetic head according to claim 1, further comprising a reproducing head

having a magnetoresistive element.

6. The magnetic head according to claim 1, wherein the thickness of the magnetic
layer in the direction perpendicular to an air bearing surface of the magnetic l‘ayer

is smaller than a throat height of the main pole.

7. A magnetic disc apparatus comprising:

a disc-shaped perpendicular magnetic recording medium having a
recording layer and a soft underlayer;

a magnetic head including a recording head and a reproducing head; and

a rotary actuator for positioning the magnetic head with respect to the

disc-shaped perpendicular magnetic recording medium, wherein
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3. The magnetic head according to claim2, wherein the magnetic layer is
joined to the auxiliary pole. 4. The magnetic head according to claim1,
wherein the auxiliary pole is disposed on the |eading side of the main
pole. 5. The magnetic head according to claim1, further conprising a
reproduci ng head having a magnetoresistive elenent. 6. The magnetic head
according to claiml1, wherein the thickness of the magnetic |ayer in the
di rection perpendicular to an air beari ng surface of the magnetic layer is

smal l er than a throat height of e main . 7. A.magnetic di sc apparatus
conprising: a #SEE qé’l‘i%ﬁ'@oﬁ eéLﬂ E‘ranhﬁalf‘eﬁ“caur"éﬁémpﬂtf #Bdi LMaBasifg a

di head di
Fecor di ndend Sﬁg%ddag?it%%aaﬁ E i 94 (h ”I?e%l'tegwe%gh%@&“ws?havmga
posi ti oni Suhbﬁm & Rﬁﬂn tBGaF@sS{}{%cltnahpg ﬂéx%?n §W%§th Ofﬁ side

per pendi cul ar nagnetlc g nmedi um wher % e recor

i ncl udes of th&lmomﬂﬁlg Eﬁ\rt&m(bbp@ilye ped malﬁ%1@1§@ﬁﬁ$kahaﬁ QH@RWQH?B?SKEQ on
the trailing side of e main pole, the magnetic |layer having a protruding

portion pmmnnudengthcmanﬂsgmhk:naln pol e, wherein the width of a side of

the protruding portion opposite the main pole is smaller than the w dth of

the main pole on the trailing side. 8 The magnetic di sc apparatus

accor di ng m skew, angle a, a width Nw of the
t°h

o de. of B O R p B B e ame e ey yévheraﬁbasm@@r@w e

pol e, t r Sld ance
GLE bet m\gggf&ﬁé%gétrhu@?’ngwgger ?Pdgnog?h:{ Egm%%&rrfgﬁ §F t@?ﬁ(ﬁ"%gﬁ‘g lr?afal’fer pol e
satisfy tpgosiet ahé anshipgd18, H wid (M PW-INGY tBe %ﬁnxpslérb@the‘?traﬁh?g RREN&lidC, di SC
apparatus according to claim?7, wherein a ratio of

distance GLE between the protrudlng portion of the magnetlc layer and the main

pole satisfy the relationship 0.5 x (Tww-Nw) < GLE x tan a.

9. The magnetic disc apparatus according to claim 7, wherein a ratio of a
minimum distance GL between the main pole and the magnetic layer to a distance
ATS between an air bearing surface of the main pole and a soft underlayer in the
disc-shaped perpendicular magnetic recording medium (GL/ATS) is in the range

between 0.4 and 1.5.

10. A process of manufacturing a magnetic head comprising a recording head
including a main pole, an auxiliary pole, and a magnetic layer disposed on the
trailing side of the main pole, the magnetic layer having a protruding portion
protruding towards the main pole, wherein the width of a side of the protruding
portion opposite the main pole is smaller than the width of the main pole on the
trailing side, the process comprising the steps of:

forming a stacked film in which a first magnetic film to be formed into
the main pole, a non-magnetic film to be formed into a gap, a second magnetic
film to be formed into the protruding portion, a chemical mechanical polishing
stopper film, and an inorganic insulating film are sequentially stacked;

forming a resist pattern on the stacked film by a lift-off method;
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m ni mnum di stance GL between the main pole and the magnetic layer to a

di stance ATS between an air bearing surface of the nain pole and a soft

underl ayer in the disc-shaped perpendicul ar magnetic recordi ng nmedi um

(G/ATS) is in the range between 0.4 and 1.5. 10. A process of

manuf acturi ng a magneti c head conprising a recording head including a main

pole, an auxiliary pole, and a nmagnetic |ayer disposed on the trailing

side of the nmain pole, the nmagnetic |ayer having a protruding portion

protruding towards the main pole, wherein the wdth of a side of the

protrudi ng poPfPesstigobs {ieSt Mesneli e intpsthepdyaperof thenmakie paiaibl ioh t he
rrocess conprising the steps of:

mai n pol e the. trailing side the )

f or mi ng dnﬁ{}QER]éH]g‘ {herﬁeisﬁq\ﬂ"iIftEﬁﬂ s f’i’?&k'nagneti c filmto be formed into
the mai n pol e, - nag i il . N Xo) a_second
magnetic fil mf(?rc?ql ]g% glgr rqr]g{)i}gi%ﬁl{do 1%156198?1& ?ﬁﬁﬁ""g"lﬁﬁ@t fh%n,qﬂgt cHERP Yy film
mechani c L$hi | % I Rl IGa d | &t.i.n I e
Sequont | AT Sr B Rage SpRRar Ul il Fol ARt BoR i B orming, A
lift-off gapt had; 14 processing the first magnetic filminto the shape of
the main pole by ion mlling using the resist pattern as a mask; formng
an inorgani c i psedessinggthiei $epoadovagnethe filir sttonagregnieticf lalyar ppececiasrdgi n
t he shape of the_nmain pole and the non-magnetic filmformng the gap; and
processi ABe PRETSHRERPTHFIS 120 Millipg. nt o a nagnetic | ayer piece form ng
the protruding portion by ion mlling. 15
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