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- 1 TITLE OF THE | NVENTI ON MAGNETI C HEAD AND MAGNETI C ™
RECORDI NG AND REPRODUCI NG APPARATUS BACKGROUND OF

I NVENTI ON 5 The present invention relat es to a -ﬁmm“ \““\“\““m\““\
magneti ¢ head and a magnetic recording

reproduci ng apparatus. Magnetic heads presently used
in hard disk drives (HDDs) have a read head i ncl udi ng

ol omont and o 10 | ayer s of Shi ol 4o sandwi chi ng §ﬁﬁ@mmwummmwmn
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read el enent therebetween, and a wite head inc

a main pole, a returW'JS/Ic:EkeQFaI’f@EaIN\éB(MTICDMg COI| .

Sone ot her known structures have an additional shield
for PHRENTIHCe HEiEa RN COMAGESE GrtAsERD T NG rANX RRFRODUCING
t he [ |l e is 15 often processed to have a
con”p;a%@gt@gr §hape in order to inprove wite

Sfigﬁifgc¥hekgﬁ§E§EéFR?ﬁ§8§hi@FL@EEoﬁﬁQﬁQ%ﬁ@ L?ﬁnioﬁée
so that t et urn oke are processed
into rect tz;I{r%Xgul ar Sbecause g’ftrj’eoansere St Farft R hy, head

Howeyel, ai fnadhe@Xteral, St {ﬁ%e S I]%I 3)852{ rﬁa apparatus.

magnetic thin filmsuch as
antenna t olae@ldted HdawepreBndlpxesed™®h hard disk drives

wmAAnrAs

(HDDs) have a read head including a read element sdch
as a gilant magnetoresistive (GMR) element and two
layers of shields sandwiching the read element
therebetween, and a write head including a main pole,
a return yoke, and an exciting coil. Some other known
structures have an additional shield for the write
head. Of these members, for example, the main pole is
often processed to have a complicated shape in order
to improve write efficiency. However, no particular
considerations are given to the shape of the shields
or the return yoke, so that the shield and the return
yoke are processed into rectangular because of éase of
manufacturing.

However, 1f an external stray field exists, a
magnetic thin film such as the shield acts like an
antenna to collect fluxes. The fluxes may
disadvantageously erase magnetic signals recorded on a
media. In particular, if the media includes a sof:
underlayer as in the case of a perpendicular recording

system, a flux circuit is formed in the media, thus



10

15

20

25

di sadvant ageously erase magnetic signals recorded on a
25 nedia. In particular, if the nedia includes a soft
underl ayer as in the case of a perpendi cul ar recording
system a flux circuit is formed in the nmedia, thus
meki ng the above problem nore marked. To solve this
probl em a known magnetic head enploys a structure in
whi ch an end surface of the -shikeld is recessed from
the air-bearing surface of the 5 main pole to hinder
fluxes fromflowng fromthe shield to the soft
undefediew (tdee abmve Ratoblappimpre K@WedRubl i cation

No. 2003-45008). However, in a magnetic head having
such a sthudWe W@ s s e thiewre cesyi el arfoa
of the .10 shields degrades the shielding effect,

whi ¢ FPSHGNISt B SN tafee dits Whesihs pan et & unf asq exfndihe

i.c.field. This es the tol.erance for the
ChIEh gL Sslralhe el 50 2 Yi%a ity guiface of the
: i rohl. 1 | EF Y T
| NVERE ENER oo fiee Csdad 1hassr diy C0 AR e pear de
the sﬁ&%§%nko'@%§n%bQQ %%@%&3%@%%‘ﬁs%%a%rgﬁagﬁfélégpln.

including a read elenent an ayers

sandwoghIngubhe caktead &lenmenit-hepelst ween; and a
wite head including 20 a nain pole, a return yoke,

and an exGiowieng rGoiiln, a WheRIt1 AthdLRHa R Afusach of
the shields and the
structure, an increase in the recession amount of the
shields degrades the shielding effect, which
significantly affects resistance to an external
magnetic field. This makes the tolerance for the
shield end position very severe, leading to a
manufacturing problem.
BRIEF SUMMARY OF THE INVENTION
A magnetic head according to an aspect of the
present invention comprises: a read head including a
read element and two layers of shields sandwiching the
read element therebetween; and a write head including
a main pole, a return yoke, and an exciting coil,
wherein at least one of each of the shields and the
return yoke has an area of a bottom surface at least
1.2 times as large as an area of a top surface.
A magnetic recording and reproducing apparatus
according to another aspect of the present invention
comprises the above magnetic head and a perpendicular

magnetic recording media having a soft underlayer and
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return yoke has an area of a bottom surface at | east
1.2 tines as large as an area of a top surface. A
magneti ¢ recordi ng and reproduci ng apparatus 25
according to anot her aspect of the present invention
conpri ses the above magnetic head and a perpendi cul ar
magneti c recordi ng nedia having a soft underl ayer and
a perpendi cul ar nmagnetic recordidng-l ayer forned on a
nonmagneti ¢ substrate. BRI EF DESCRI PTI ON OF THE
SEVERAL VIEWS OF THE DRAWNG FIG 1 is a

cr 0s §- PeEPievddiculisgwnsartstdre d eadconind latarmdiomied on a
magneti ¢ recording and reproduci ng apparatus accordi ng
to aRCEABGAETEM SHPSitReéYsr-esent invention; FIG 2 is

" SL SR 2L LLUSkEBhL0g, s B NELBLE, Of cl e o s oFaINC

i ncl uded a neti c head accordi.ng to Exa
t he presé%?;lnve%%lonrqﬁs 5 %9Q?Hq%ﬁPéﬂ§ég%ﬁ?ﬁF along

th 0
Surt Sce arat bt S REEEIR, rat R And BBl
|nC|Hg@grbﬁukh%c%%gﬂﬁhbctoh%%deﬁﬂﬁ@fﬂéﬂitdftéH% sent

present invention and resi stance to an exte na
magnehiventiehd; FI G 5 |s a front view of a shield
included in a nmagnetic head according to Exanple 2 of

the presediIG. 2 is a diagram illustrating the principle of

the present invention;

FIG. 3 is a perspective view of a shield included
in a magnetic head according to Example 1 of the
present invention;

FIG. 4 is a diagram showing the relationship
between the ratio of the (bottom surface width/top
surface width) of the shield included inlthe magnetic
head according to the present invention and the
resistance to an external magnetic field;

FIG. 5 is a front view of a shield included in a
magnetic head according to Example 2 of the present
invention;

FIG. 6 is a front view of a shield included in a
magnetic head according to Example 3 of the present
invention;

FIG. 7 is a front view of a shield included in a
magnetic head according to Example 4 of the present
invention;

FIG. 8 is a perspective view of a shield included
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20 invention; FIG 6 is a front view of a shield
included in a nmagnetic head according to Exanple 3 of
the present invention; FIG 7 is a front view of a
shield included in a 25 magnetic head according to
Exanple 4 of the present invention; FIG 8 is a
perspective view of a shield included in a nagnetic
head according to Exanple 5 of #he- present invention;
and FIG 9 is a cross-sectional view sectioned al ong
a track of a magnetic recording and reproducing 5
appadat gs rageertdicngeteol anohreld ngnitedifxentp lef 5 kf the
present invention. DETAILED DESCRI PTI ON OF THE

| N\VERTEERN L ERBYGNFE®NS 8t he present invention will

be descrlg 2F|0m1mnth reference to the drawi ngs. 10
FIG 1 isFfdS%ross-5s&ctrea SAEvw et idrfet Saﬂ%gme&l along

track % netic re ord

d
apparatuscgcc r & agpg ar éﬁ%S&Fﬁ@ﬁt %% %%%P i
'nveggsgggtﬁ§ §E%WQdﬁ ngg'a%bt%@% %ﬁ%& h nEE%%r%

uci ng appar atus has er pen

15 rﬁggggh@glﬂ%@hglgg and a magnetic head 20
positi oned above the perpendicular magnetic recording

media 10. Theepgtpepdbegtat piegnedicrrgcondingardi a
10 has a

Embodiments of the present invention will be
described below with reference to the drawings.

FIG. 1 is a cross-sectional view sectioned along
a track of a magnetic recording and reproducing
apparatus according to an embodiment of the present
invention. As shown in FIG. 1, the magnetic recording
and reproducing apparatus has a perpendicular magnetic
recording media 10 and a magnetic head 20 positioned
above the perpendicular magnetic recording media 10.
The perpendicular magnetic recording media 10 has a
soft underlayer 12 and a perpendicular magnetic
recording layer 13 formed on a nonmagnetic substrate
11. An additional underlayer may be proVided between
the nonmagnetic layer 11 and the soft underlayer 12,
and an intermediate layer may be provided between the
soft underlayer 12 and the perpendicular magnetic
recording layer 13. 1In general, a protective layer is
formed on the perpendicular magnetic recording layer
13, and a lubricant is applied to the protective

layer. The magnetic head 20 includes a read head 30
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soft underlayer 12 and a perpendicul ar magnetic
recording layer 13 forned on a nonmagnetic substrate
20 11. An additional underlayer may be provi ded

bet ween the nonmagnetic |layer 11 and the soft

underl ayer 12, and an internediate |ayer may be

provi ded between the soft underlayer 12 and the

per pendi cul ar magnetic recordi Ag Fayer 13. In
general, a protective layer is 25 fornmed on the

per pendi cul ar magnetic recording layer 13, and a

| ubr boant ws idpplhieed t#d .t h&her ateect ihead |y amclitkes a read
magneti ¢ head 20 includes a read head 30 and a wite
headedemeTiie Jleadniséad 13Q iafclaudesird meamh e ted rereeingt t 137
consi sting of a giant magnetoresistive (GWR) el enent
and t{&R) apdes ghideltée J2yerm oFardiicdiisnPahe3% ead
el ement Slghherebetmeen. The 5 write head 40 incl udes

a maPRHYLENATT dNfetGAr FdieEe A2 %%ad?ﬁ@mef?ﬁqsvgﬁ%um%
. |l g 41 d iti il 43 that
exci P4 PRl A paPs AT Tre To BAE 95 vare AT Yoke

' | i rface .of t in _po
11 CIReRabhRTLcAt Y LRRAENS At idie TN AR &

to

embodkBBRE ngOLoliNe 4Br @HERT AMQRI Qe Ala il B3R ON Of The
each shield™ 32 and the return yoke 42 has an area of

the battofs sarbaeendt lreaslssbd? frdPERS Jidf 4R AS R
area of the +top surface. A magnetic head neeting such

a condrfror 33 hhe mapnhoyeder dli.stance to an externa
magnetic field.

In the magnetic head according to the embodiment
of the present invention, at least one of each shield
32 and the return yoke 42 has an area of the botton
surface at least 1.2 times as large as an area of the
top surface. A magnetic head meeting such a condition
has improved resistance to an external magnetic field.
Both each shield 32 and the return yoke 42 preferably
meet this condition. 1In the description below, the
structure and effect of the shield will be
representatively described, but similar description is
also applied to the return yoke.

With reference to FIG. 2, the effect of the
magnetic head having a shield the bottom surface area
of which is at least 1.2 times as large as the top
surface area will be described. FIG. 2 shows the soft
underlayer 12 included in the perpendicular magnetic

recording media, and the shield 32 positioned above

the soft underlayer 12. The height of the shield 32
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Bot h each shield 32 and the return yoke 42 preferably
nmeet this condition. In the description below, the
structure and effect of the shield wll be
representatively described, but simlar description is
20 also applied to the return yoke. Wth reference to
FIG 2, the effect of the nagnetic head having a
shield the bottom surface area 6of -which is at | east
1.2 times as large as the top surface area will be
described. FIG 2 shows the soft 25 underlayer 12
i ncl dgedenptekle asetpendi ciglsdredrdgmet jiagrourgtortdi repield 32
medi a, and the shield 32 positioned above the soft
undePh&y&r 21 8PIed Jidi givgieon tFhe nshibdich FA yxe dditwidng
s h, A dgihed Lige %round the shield 32 shows a
EgiSG R Y

gpherlinE&I 2WGEEN PHEEEES fFlowing into the
hield 32 t.. The vol th ion F i

e o b AU, R R A i ihe S ed
32. i . f i el .t fl j

o ansesSER pitale ared PR RHS SRS e 1 A A of

the mpdi 3njiner 83ses, RNdRusithed Ay sudface of ttdﬂbe

shield 32 is a portion that exerts a nost” profoun

ef f eg stiheel@ rbhuxes floaw ngderamidie edion e i a
the shield 32 flow fromthe bottom surface of the

shi elldc3Bate st handsahtisunder ltayers ukZacAcedr dinglghidie 32

average field in the bottomsurface of the shield 32

is iﬁveasgbytion that exerts a most profound effect. The
fluxes flowing from the region F into the shield 32
flow from the bottom surface of the shield 32 to the
soft underlayer 12. Accordingly, the average field in
the bottom surface of the shield 32.is inversely
proportional to the bottom surface area of the shield
32. That 1is, the relationship described below is
established:
(average field in bottom surface of shield) c<
(volume of region F)/(bottom surface area of shield).
The volume of the region F is substantially related to
the entire surface area of the shield. Accordingly,
it 1s conceivable that the resistance to an external
field may be increased by reducing the height or width
of the shield. However, since the reduction of the
width of a conventional shield having a rectangular
shape also reduces the bottom surface area, this

measure cannot be effective. It is possible to reduce

the shield height, which is not related to the bottom
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proportional to the bottom surface area of the shield
15 32. That is, the relationship described belowis
established: (average field in bottom surface of

shield) cc (volune of region F)/(bottom surface area

of shield). The volunme of the region F is
substantially related to 20 the entire surface area of
the shield. Accordingly, it~is7conceivable that the
resistance to an external field nay be increased by
reduci ng the height or wwdth of the shield. However,

Si NCEURE Cle dFEH -on Hofwerves , \Wihdt I esfuct icomvaenttirgnaghield

shield having a rectangul ar 25 shape al so reduces the
bot t BRL-FE dCe 2drS€a L WHited dadiicy’ cdhridte irielding

effect%ve. It is possible to reduce the shield
hei gt *S®icch is not related to the bottom surface

area. Ho er e, r.educt.i on .of the shield eight, i.s
W‘?[\ﬁ r?ergf;tarkd £o % lhsé d Ieelld}vned'lhcoelﬁ &q_ec?:}:hat the

also limted i Vviewof

regardt,e et Rigs h‘éh%eigll\é%nggir F]ct:o?ll%téa%glbetcp at, the 4R Iuge

of the region F, contai ne ove relation

corr ekakedow,t b st e ten WS age rarer dop the hieldea of
The inventors then found that the resistance to

ext ernal shiielld.camrnke inehewed Bhed edGINGHAE drat i o

of (top surface area of 10 shield)/(bottom surface

ar earef ishiaelcg) toTlatermedntfdred chase thus nganpleat ady

the present invention.
reducing the ratio of (top surface area of
shield)/ (bottom surface area of shield). The
inventors have thus completed the present invention.
That 1s, by reducing the top surface area of the
shield relative to the bottom surface area of the
shield, it is possible to decrease the fluxes flowing
from the region F into the shield. It is also
possible to decrease the fluxes flowing from the
bottom surface of the shield to the soft underlayer.
As described below in further detail, the inventors
have found that the resistance to external field can
be significantly improved by setting the bottom
surface area of the shield at least 1.2 times as large
as the top surface area.

Various shapes may be possible for the shield or

the return yoke the bottom surface area of which is at
least 1.2 times as large as the top surface area.

FIG. 3 shows a perspective view of the shield 32

included in a magnetic head according to Example 1 of
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That is, by reducing the top surface area of the

shield relative to the bottom surface area of the

shield, it is possible to decrease the fluxes flow ng

15 fromthe region F into the shield. It is also

possi bl e to decrease the fluxes flowng fromthe
bott om surface of the shield to the soft underl ayer.

As described below in further détarl, the inventors

have found that the resistance to external field can

20 be significantly inproved by setting the bottom

surf abe areacoft tiheeshiieind atin edst shizltd es sdeowrarige

as the top surface area. Various shapes nay be

possfBFe Por thre WiHithl Hrorf tthe betihom wokd adse Bdtg omdth
surfa%e %rea of which is at. 25 least 1.2 tlnes as

| ar g8*af ?hélFoBe§6FP§céuéﬁé§e BES Q?Qﬁﬂﬂ&?%ia ong the

f the sh ded
TagnbErE hgéé'tﬁﬁvcﬁrsﬂ?ss e 2 edng d - 3 ) ah Brge as the
! ¢ _

i dt REU5Rol RS EHEL SRS AP AREY e l&m%gfe g om
air-Bearbng auttace ARS.extend.g 61' NGRS A Aege as

width) I's set at | east tinmes as large as t

wi dt BhW tep the rher gg@gace by whi ch the bottom
surface area is nade at least 1.2 tinmes as large as

the top suiufsacd aheas khe rélshdwhdHie nltaldansdid ratio

between the ratio of the bottomsurface width to the

top sdrftheebwittdbm surface width to the top surface width
of the shield according to Example 1 and the
resistance to external field (the intensity of the
external field at which magnetic signals recorded in
the media start to be erased). As shown in FIG. 4,
the resistance to external field is improved as the
ratio of the bottom surface width to the top surface
width increases. Once the ratio of the bottom surface
width to the top surface width reaches about 1.2, the
resistance to external field appears to be rapidly
improved. This is expected to be due to saturation of
the soft underlayer in the media. When the soft
underlayer in the media is saturated, the field in the
bottom surface of the shield is concentrated markedly
at the edge of the shield exceeding the average field
in the bottom surface of the shield, which degrades
the resistance to external field. However, when the
ratio of the bottom surface width to the top surface

width is made at least 1.2, the saturation of the soft
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10 of the shield according to Exanple 1 and the
resistance to external field (the intensity of the
external field at which magnetic signals recorded in
the nedia start to be erased). As shown in FIGA, the
resistance to external field is inproved as the 15
ratio of the bottom surface width to the top surface

wi dth increases. Once the ratio%of-the bottom surface
width to the top surface wi dth reaches about 1.2, the
resistance to external field appears to be rapidly

i npr ovdérlibes iis expected to be dedakedsdaturatmyveofthe
20 the soft underlayer in _the nedia. Wien the soft
undeFEayEFanfct ke redicanps $aeddat edhet watiicelad ithea fottom

bott om zurface of the zhl eld is concentrated nar kedl%3
at t ABTEEGE B 9tRe tonitERd toR: SEFILRG St Me le iy @ TS Ta@PLY

el BB REbemeurLace of gk shpeLloh o dedrades 29,
rat'ehgfrEngQQBEgnE§ur%%%?Hgld%Qel% %P%tt%% 3 d%%p OO Qe.

e at ast the saturation of the so

under | ayerpieS r%)ﬁﬁ%(:to%d th *%%t&%@%%@fta%é IR ttcheche top
resistance to external field. The ratio of the bottom

surf aaerwucdt hitenht be tep 1eukskaqe 2Wcdifelsp opicef Qroalzloy gm or
at least 1.5 and is nore preferably at least 2.0

t he meskstiancering ext er galf rhireind enpst: wee nakowt bZQ&c@e.

The ratio of the bottom surface width to the top

sur f acefacdt Widthatndedste 1o corfespomdsithy 2@ sgmingy that
the bottom surface width is 60 pum. Moreover, the
difference between the bottom surface width and the
top surface width is more preferably 30 upum or more.

Further, the ratio of the bottom surface width to
the top surface width of at least 1.2 corresponds to
60° or less in terms of the angle 6 between the
bottom surface and side surface of the shield.

FIG. 5 shows a front view of the shield 32
included in a magnetic head according to Example 2 of
the present invention. The shield has an edge surface
formed by partly removing the vicinity of edge of the
bottom surface. As described above, more fluxes
concentrate at the edge of the shied exceeding the
average field in the bottom surface of the shield,
which may become a factor degrading the resistance to
external field. Accordingly, the factor degrading the

resistance to an external field can be eliminated by

partly removing the vicinity of the edge. 1In this
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nore in terns of a difference between the bottom
surface wwdth and the top surface w dth, assum ng that
10 the bottom surface width is 60 g m Moreover, the
di fference between the bottom surface width and the
top surface wwdth is nore preferably 30 um or nore.
Further, the ratio of the bottomsurface width to the
top surface width of at |least 1.2 corresponds to is
600 or less in terns of the angle O between the bottom
surface and side surface of the shield. FIG 5 shows
a froaseyi theoflenhehshielod 32e badtltwethed unt aa araghetheC
head according to Exanple 2 of the present invention.

- The shield masnantbegmagdmiaceéer@thoofed Byingarfidryned by

renmoving the vicinity of edge of the bottom surface.
As dBEEPFBEANELEVE, PRECE ORButas ingofbenmegtia dinaltveling the

edge of the shied exceeding.the average field in the
botg t 8§9§uFP52808f OPhégghfﬂ@ d2- wWANEh A&y a98cSie e in the

f di th i st an tQ 25 ternal field.
neconar e &t ﬁ%C%?Ffﬁﬂﬁ&%ﬁ%ﬁﬁg%jhge%)ééiﬁglfaegn@éfe@o
. e |
ermor a ehe bEarneRy gt pERd ThIREE, B iR Hitigee rre
t he b@ﬁﬂlbngwp@fth@esHQbﬁenEﬁ%ﬁﬁﬁc%h%fm%?%gyi@d@déing the

means the maxi mumlength of a line formed .
pr oj eayengutbecport panshtaskRg rt REnAEdiza dekelcddicnd rt ke e

edge surface on the nedia. The average field in the
angle between the bottom surface and the edge surface
reduces the length of the air-bearing surface in a
narrow sense, which may hinder the flow of fluxes from
the shield to the soft underlayer. However, if the
angle A between the bottom surface and the edge
surface is an obtuse angle of 160° or more, the flow
of fluxes from the shield to the soft underlayer is |
not hindered.

FIG. 4, already described, also shows the
relationship between the ratio of the bottom surface
width to top surface width of the shield according to
Example 2 and the resistance to external field (the
intensity of the external field at which magnetic
signals recorded in the media start to be erased). As
shown in FIG. 4, degradation of resistance to external
field can be avoided in Example 2 by partly removing
the vicinity of the edge. Consequently, Example 2 is
improved in the resistance to external field compared

to Example 1.
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5 bottom surface of the shield is determ ned by a

surface obtained by projecting, on the nedia, the
portions of the shield facing the nedia including the
edge surface. On the other hand, a decrease in the

angl e between the bottom surface and the edge surface

10 reduces the length of the air-bearing surface in a
narrow sense, which nay hinder 1he ¥l ow of fluxes from
the shield to the soft underlayer. However, if the

angl e A between the bottom surface and the edge

surface i ¥l&n dbtalsevsarmglferoft 600y arf nore, shield | D2v

15 of fluxes fromthe shield to the soft underlayer is

not BiNfdeded iR @ Mpordticadeatesaddrstinaltsy Biroowsle 3 of
t he el ati onship between the ratio of the bottom

surf 368 BREdeR &t d”tV@ﬁ‘téLm acgl'\iﬂ dtifofs e &hidd ¢he shield
accordln to 20 Ex éﬁ he resistance to

ext er r?alr PIreg (stoh ity Sof° Wie Sk tet rFéian%Veq d'ith

at \Mi“ %?e@%g%%tl c rJ. n&ilﬁle gcénq. Ccig I rl‘net hee c{re Set aorgttom

to be erased) own i n egr ada

r esi t t ek aI fi e d
e A T5esl GAK Bhiaflend 1ot HE S SURLE P

edgeunderseduenttlrbn %ﬁ%mgﬂ%ﬁ%'disdd&&&%@défhéé“fluxes

resistance to external field conpared to Exanple

11 Elew Gnshoawsughf rort svidew sefr fihe F1 elnd ?s%leld, the
fluxes flowing into the shield can be reduced by
partly removing the side surface of the shield as
shown in FIG. 6. It 1is also possible to reduce the
fluxes flowing from the bottom surface of the shield
to the soft underlayer of the media. 1In this case,
the length Wy, of the bottom surface of the shield as
well as the angle A between the bottom surface and the
edge surface are as defined in FIG. 5. The angle
between the bottom surface and the side surface means
the angle between the bottom surface and the ridge
line joining vertexes of the side surface together.

FIG. 7 shows a front view of the shield 32
included in a magnetic head according to Example 4 of
the present invention. A removed part of side surface
of the shield is larger than that shown in FIG. 6.
FIG. 8 shows a perspective view of the shield 32

included in a magnetic head according to Example 5 of
the present invention. The thickness tp of the bottom

surface of the shield is set at least 1.2 times as
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included in a magnetic head according to Exanple 3 of
the present invention. The side surface of the shield
is renoved so that the side surface is concave with 5
respect to a ridge line joining the end of the bottom
surface with the end of the top surface. As is
understood fromthe above di scussion, since fluxes
flow in through the side surfack of-the shield, the
fluxes flowng into the shield can be reduced by 10
partly renoving the side surface of the shield as
showd airgeFe@, téhe Ithijckralsso qgfogsieblteon Gumthme dhevhich the
fluxes flowng fromthe bottom surface of the shield
to t Retsem syidedcapercaofl st Madeedita. laastt Hi.@ daisees as
t he Ien%th Wb of the bottom surface of the shield as
15 méﬂr §s 3t NEnGIo® AW dRRSeR e batResh S ldee a#hd

h f d | Th
b L R 205058 33 FHare Ofer#e e Fonn i g dne
the gngle between the | %t dﬁfen haeces al%‘M he, ridge . this

l'ine jolning vertexes o SUI‘ ace toget Her .

FIG cgs%h(’%ea shi %% Yi-8W & dt;h%zsmr?‘? cﬂ;e32rea€aﬁ¢4ﬁ%dr. A

in a nagnetic head according

presgab m&ye%bl%&esén&eﬁﬁﬁ@@e%aE%eo%H%é¥%.%%hﬂﬁQﬁx%§ﬁ32 and
the shield is larger than that showmn in FIG 6 8

showsha pebspeeiidv@avite\§sofh ridve sl elndt32hedb ddicl uded

in a magnetic head according to Exanple 5 of the

pr esaatnenveatlilgn colipd ethitckredert.b dhushe thet tsdmeld main
body 32 and the protruded part 35 need not physically
contact each other.

FIG. 9 is a cross-sectional view sectioned along
a track of a magnetic recording and reproducing
apparatus according to another embodiment of the
present invention. This magnetic recording and
reproducing apparatus has a write head shield 45 in
addition to the configuration shown in FIG. 1. The
write head shield 45 preferably meets the condition
that the bottom surface area is at least 1.2 times as
large as the top surface area.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as



surface of the shield is set at least 1.2 tinmes as 12
| arge as the thickness of the top surface by which the
bottom surface area is nade at least 1.2 tinmes as

| arge as the top surface area. Specifically, a
protruded part 35 is provided at the top or/and the 5
bott om of the main body of the shield 32. In this
case, the shield main body 32 ney be rectangular. A
gap may be present between the shield main body 32 and
the protruded part 35 provided that they are
magn@eftapfybrotpredrregderecl atmgs anché hetiirelegiuwinialents.
10 body 32 and the protruded part 35 need not
physically contact each other. FIG 9 is a
cross-sectional view sectioned along a track of a
magneti ¢ recordi ng and reproduci ng apparatus
accordi ng to anot her enbodi nent of the 15 present
invention. This magnetic recording and reproducing
apparatus has a wite head shield 45 in addition to
the configuration shown in FIG 1. The wite head
shield 45 preferably neets the condition that the
bottom surface area is at least 1.2 tinmes as 20 | arge
as the top surface area. Additional advantages and
nodi fications will readily occur to those skilled in
the art. Therefore, the invention in its broader
aspects is not limted to
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the specific details and representative enbodi ments 25
shown and descri bed herein. Accordingly, various

nodi ficati ons may be made w t hout departing fromthe
spirit or scope of the general inventive concept as 13
defined by the appended cl ai ns and their equival ents.

- 14 WHAT IS CLAIMED IS: 1. A magnetic head
conprising: a read head includildg a read el enent and
two layers of shields sandwi ching the read el enment 5
t herebetween; and a wite head including a main pole,
a return yoke, and anWeX€i 5 ngLBBMED Wherein at | east
one of each of the shields and the return yoke has an
area of albot Pomegietdce hgad rOMPEdSLinG:2 times as

| arge as an area of a top surface. 2. The nmagnetic
head accoPdifR§% §e@faitmct HdlRke feitif st SLEASNToR&Htwo
each.of the shields and tge. eturn_yoke has.a wi dth
of t h8YB6TL St SUFFAEE SPTPEASING 31Fi hEeas FIFGE as
a “‘ghQrQBeEQS top.gyrface. 15 3. The magnetic head
according to cfai m , Wherein at | east one of each of

t he Shielgsw@ﬁ@etﬂ%aerB%ﬁﬂdﬁ%@eah%%i% @dﬁ%@r%pQ%turn
bet ween the wi dth of the bottom surface w dth and the

wi dt hoRk, t hadt ap sukfiagag coil,

wherein at least one of each of the shields and
the return yoke has an area of a bottom surface at
least 1.2 times as large as an area of a top surface.

2. The magnetic head according to claim 1,
wherein at least one of each of the shields and the
return yoke has a width of the bottom surface at least
1.2 times as large as a width of the top surface.

3. The magnetic head according to claim 2,
wherein at least one of each of the shields and the
return yoké has a difference between the width of the
bottom surface width and the width of the top surface
of 20 um or more.

4. The magnetic head according to claim 1,
wherein at least one of each of the shields and the
return yoke has an angle between the bottom surface
and a side surface of 60° or less.

5. The magnetic head according to claim 1,
wherein a vicinity of an edge of the bottom surface of
at least one of each of the shields and the return

yoke 1is partly removed to form an edge surface, and
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of 20 gmor nore. 20 4. The magneti c head according to
claim1, wherein at |east one of each of the shields
and the return yoke has an angle between the bottom
surface and a side surface of 60 or less. 5. The
magneti ¢ head according to claim1, 25 wherein a
vicinity of an edge of the bottom surface of at |east
one of each of the shields and tthe t+eturn yoke is
partly renoved to form an edge surface, and 15

wherei n an angl e between the bottom surface and the
edgewsertace ans ah@l eobermeen Ghelle tagnetirt dweacnd the
according to claim1, wherein the side surface of at

| eas€d@fe sofrfagen isf 169 t hershpskds and the return

yoke is processed to be concave with respect to a
ridge |iné-j oiffienFeIREiE dreaheBRIBAS WS & i thy

an end of .the top,surface. 7. The netic head

e coPERGifio SPaRTE. SAIERS! 1 Tt CRR ToIE P o sar oot
t he el ds d th return yoke has a thickne of
the BOFtSISIRFachtat hel Eetity F¥inde e iaRsB he be
thic f .t rtace. 8., The . (o
accofbgﬁgévtgowtéllegi tr%%%f)e%#urt?hgr rcgr%r ielsf'lm%grﬁg)lvr\lﬁ%r%:%%leaed‘d ot

shiekde wWaeLShN sWrirhee 12chead ghield hag anArLa ofca
bottom surface at | east

7. The magnetic head according to claim 1,
wherein at least one of each of the shields and the
return yoke has a thickness of the bottom surface at
least 1.2 times as large as a thickness of the top
surface.

8. The magnetic head according to claim 1,.
further comprising a write head shield, wherein write
head shield has an area of a bottom surface at least
1.2 times as large as an area of a top surface.

9. A magnetic recording and reproducing
apparatus comprising:

a magnetic head comprising a read head including
a read element and two layers of shields sandwiching
the read element therebetween, and a write head
including a main pole, a return yoke, and an exciting
coil, wherein at least one of each of the shields and
the return yoke has an area of a bottom surface at
least 1.2 times as large as an area of a top surface;

and

a perpendicular magnetic recording media having a
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1.2 times as large as an area of a top surface. 9. A
magneti ¢ recordi ng and reproduci ng apparatus
conprising: a nmagnetic head conprising a read head
including 20 a read element and two | ayers of shields
sandwi ching the read el ement therebetween, and a
wite head including a nain pole, a return yoke, and
an exciting coil, wherein at |l¥ast-one of each of the
shields and the return yoke has an area of a bottom
surface at 25 least 1.2 tinmes as large as an area of a
top s@iftac@deaia vz pengerdicaupendiggietd euagrodridi ngecording
medi a having a 16 soft underlayer and a perpendi cul ar
nmagnetivé rr é06F@Ich§D 1eay e asieed Cord WP sicimfgnet i ¢
substrate. 10.&ggs apparatus according to claim9,

wherein at-le mﬁa%W%OQW%rﬁ%l%%d% pgherein
LU S 3 A0 S TR e

f ) he, . i i 1.0
ohor 35ke bis ZG1ARRLE WA SRRU AN S LT Fast,

retunny yekeshas @agg%f%%egp%ﬂﬁﬁﬁf?ﬁwﬂﬂgaﬁggﬁ%hfgaé$ﬁ

bottom 10 surface width and the wdth of t _
surface ofi1.20 Twa QppgaH=:uslZcciiaRparatdis B¢ col digerein

to claim9, wherein
at least one of each of the shields and the return
yoke has a difference between the width of the bottom
surface width and the width of the top surface of
20 um or more.

12. The apparatus according to claim 9, wherein
at least one of each of the shields and the return
yoke has an angle between the bottom surface and a
side surface of 60° or less.

13. The apparatus according to claim 9, wherein
a vicinity of an edge of the bottom surface of at
least one of each of the shields and the return yoke
is partly removed to form an edge surface, and wherein
an angle between the bottom surface and the edge
surface is 160° or more.

14, The apparatus according to claim 9, wherein
the side surface of at least one of each of the
shields and the return yoke is processed to be concave
with respect to a ridge line joining an end of the

bottom surface with an end of the top surface.

15. The apparatus according to claim 9, wherein



at | east one of each of the shields and the return

yoke has an angl e between the bottom surface and a 15
side surface of 60 or less. 13. The apparatus

according to claim9, wherein a vicinity of an edge

of the bottom surface of at |east one of each of the
shields and the return yoke is partly renoved to form
an edge surface, and whereim 23 7n angl e between the
bottom surface and the edge surface is 160 or nore.

14. The apparatus according to claim9, wherein the

si deasulrass eheaptl eash ofe the sadlelofs el téte eledgirn
and the return yoke is processed to be concave 25 with
resp¥eket 25 A é&éqkpﬁésj Sitnithg &P téRm @ﬁlrtfﬁ@e 56t LGRSt
surf?c? ghth an end of the t % syrface.
apparatus 3ot nGte6 Efafm oS 7 'Fheattqpeasé’trface

one of ea of e shi_el ds _and the,.return yake
Ch ckness 10 1 RO GEESESTT Aos HeEhd P raer Bhther

lar g@oﬁér@s‘iggcgngﬁit@c hteg% tsgqeﬁlﬁrf Frer é@ w-glete head

appar at us acc in claim ur't her Nprisi ng

a wksheehgadashigl g’reﬁ!h%rfe'an pWitlg Q%@‘%ac%h'a@:l dhas an
area of a bottomsurface at least 1.2 tinmes as |arge

as am.ar eamek ast oprger bacen area of a top surface.



