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In recent years, sizes of magnetic recording
apparatuses such as hard disk drives have been rapidly
reduced, and recording densities have been increased.
This tendency 1s expected to rise further. With the
increase of the recording density, there is a demand
for a highly sensitive sensor, and a current perpen-
dicular to plane-GMR (CPP-GMR) element has been
developed to meet this demand. By use of the CPP-GMR
element, a magnetic head having high density and
output can be formed.

This type of magnetic head comprises a pair of
shielding layers which define a gap length, and a
current supply layer (lead layer) which conducts a
sense current to the CPP-GMR element. Usually, the
shielding layer is formed outside the lead layer.

That is, the CPP-GMR element is held between two upper
and lower lead layers, and this state is held further
by two shielding layers. To increase the recording

density further, it 1is proposed that the shielding
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by two shielding |layers. To increase the recording
density further, it is proposed that the shielding

| ayer be also provided with a function of the | ead

| ayer (see, e.g., Jpn. Pat. Appln. KOKAI Publication
No. 2002-314165). It is proposed that the | ead |ayer
is connected to the shielding | ayer on the other side
5 of nmediumfacing surface i-n grder to shorten the gap
| engt h and enhance the recording density (see, e.g.,
Jpn. Pat. Appln. KOKAI Publication No. 2002-25016).

I'n tihige €oRstd 14 | OFovided Sense Lufiedtidh one EhE oughy
the shielding layer until the current flows through

10 theydGPP4R et eppntIprdddpdt ormdd Vn . tHEKABROPEH 1 Lcation
head reads information by use of an el enent

r esiNst ardt® v Ihl €hlangekt wid hptdwosamagriedt ctié ukedd ohayer
the recordi ng nedium However, when the sense current

f | ovisS tHTOIRAT @het & Hiled oﬁfhlgeldtlsw ayayer tore theisthereside
I's generated even in the shielding |layer. Since the
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change of the shielding |ayer is |large, noise

CONPORE MEP-BMR &dsdnightSuper i nposed on an output by a

Additionally, the magnetic head reads information

by use of an element resistance which changes with the
magnetic flux from the recording medium. However,
when the sense current flows through the shielding
layer, the resistance is generated even in the
shielding layer. Since the shielding layer has weak
magnetoresistance effects, the signal-to-noise ratio
of a reproduced output is accordingly degraded. Since
a tunnel magneto-resistive (TMR) element has a large
element resistance, an influence of a resistance
change by the shielding layer is not very conspicuous.
On the other hand, since the resistance of the CPP-GMR
element is very small, and a ratio of the resistance
change of the shielding layer is large, noise
components are easily superimposed on an output by a

disturbance magnetic field. This is remarkable

especially in a case where a magnetic shielding film
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di sturbance magnetic field. This is remarkabl e
especially in a case where a magnetic shielding film
is also used as a lead filmas in a technique

described in the Jpn. Pat. Appln. KOKAI Publication

No. 2002-25016, and there is a demand for a certain
count erneasure. 5 BRI EF SUMMARY OF THE | NVENTI ON
According to an aspect of the esent invention,

there is provided a magneti c head which is provided

wi th a magnetoresi stance effect el enent where a

pl urid idysofusmgned i£ fdddsr arg dammad egeangi e ch 10
conducts a sense current in a filmthickness direction
of tdessavaigreet airesilsd anwe. efdectAd PMEMKOKA hePumUhed t ton
head conprising a first shielding |layer which is

supé¥a .npdEEd- 0 ohe st faoerofis e degared of @si steeceain
ef fect el enent and whose area is |larger than that of

15 tHntegnenqynee; a first lead layer which is
formed ranging froma portion where the first
shi el di ng | ayer BREESUPEINMPHsEH BAEt FRVENT ION

magnet oresi st ance effect el enent_to anot her Eortlon

on the fitsi°s Qﬁcﬁ?mfnI%@Qﬁc%nﬂfmﬁh%hp%%%?? stppgntion,
sensg G rent rtoq/dl S% éﬁodnrgar%‘ ei% eﬁc,l S ce fgf{s?%rOVlded

el ement;” a secon ayer

SUD%&HﬂP%§%@ €H¥g§¥§téﬂgézﬁ¥¥égttgf%men wh a

magnet or esi stance effect ement opposite {he one

Sur fach And Whas e A Ra: i S ﬂlalrngaerawalrhrﬁmgt@cﬁ 44 which

ot her surface; and a second |ead |ayer which is forned

25 rnging J r:omen ROrduwiendhere 4 hel 5e ot ishd £4 diNgection
of the magnetoresistance effect element, the magnetic
head comprising a first shielding layer which is
superimposed on one surface of the magnetoresistance
effect element and whose area is larger than that of
this one surface; a first lead layer which is formed
ranging from a portion where the first shielding layer
is superimposed on the magnetoresistance effect
element to another portion on the first shielding'
layer and which applies the sense current to the
magnetoresistance effect element; a second shielding
layer which is superimposed on another surface of the
magnetoresistance effect element opposite to the one
surface and whose area is larger than that of the
other surface; and a second lead layer which is formed
ranging from a portion where the second shielding
layer is superimposed on the magnetoresistance effect

element to another portion on the second shielding
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| ayer is superinposed on the magnetoresistance effect
el ement to another portion on the second shiel ding

| ayer and which applies the sense current to the
magnet or esi stance effect el enment. BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng
draw ngs, which are incorporated 5 in and constitute
a part of the specification, iulug trate enbodi nents
of the invention, and together "with the genera
description given above and the detailed description

of the enbodi nents given bel ow, serve I al Nt be
princdysdesand Wheh rﬁ/%ﬁ’llclr‘%ﬁ}.&i% HE® 1&?rsr§%€e§dt)i %nal

view showing a first eppodi ne a magnetic head
accoraiRt e Het het Preseh e?%v%g ?%%?'FIG. 2 is a front

view of the | VERAL WEWes! §F OTHE DRAWING
pl an@WFcfPEf%faﬁn@ﬁ#EwﬂFl G 3 is a sectional

Vi ew show a LS nohaadwiagsgowpachsane EhGorporated
is a graghﬂghgﬁﬁﬁgggbkeggs ob?ained by the present,ﬁé <

i nvention. Bi18ec@aSpgattondl tibenpshofiingtacsecond S~
20 eﬁ%o%ﬁﬁeg%ggg theenagﬁetic head according to the . th
presggétgngﬁgbeﬁénEbif6the ansectiional apdewOgRGNCETg WL

a thir enbodi nent of the magnetic head according.ta

the tﬁéeééﬁbrbmvaﬁbb@mptZBan@Nem Bl oy s R Hﬁbled

Showgzgcii;igglhof the embodiments given below, serve to
explain the principles of the invention.

FIG. 1 is a sectional view showing a first
embodiment of a magnetic head according to the present
invention;

FIG. 2 is a front view of the magnetic head of
FIG. 1 viewed from a plane which faces a medium;

FIG. 3 is a sectional view showing a magnetic

head for comparison;

FIG. 4 is a graph showing effects obtained by the
present invention;

FIG. 5 is a sectional view showing a second
embodiment of the magnetic head according to the

present invention;

FIG. 6 is a sectional view showing a third
embodiment of the magnetic head according to the

present invention;

FIG. 7 is a sectional view showing a fourth
embodiment of the magnetic head according to the

present invention;
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enbodi ment of the magnetic head according to the
present invention; FIG 8 is a second graph show ng
the effects obtained by the present invention; FIG 9
i s an appearance perspective view showing a hard di sk
drive on which the magnetic head can be 5 nounted
according to the enbodi ments of the present

|Pvent!on, and FIG 10 is an enl arged perspective view
of atip portion froman actuator arm 155 of a
magneti ¢ head assenbly 160 in the hard disk drive of

FlG. 9. 10 DETAI LED DESCRI PT -
[First EnbBéinent§ &I ?fcin?s&%ég?g(g‘ﬁg{ly\yglﬁ %Igs\fﬁz

a first e di nt of : _
i . g accord
e st FHVERY Bl RIS SO T
fages gc %iapﬁggiggag:%gpé?¥g§§@gpéEQFEatmhaneiﬂhi§howing
! : ' nd 2, a lower lead |a
2%fg%t£§§§;d§9kehghvg baYQhi3dh ahﬁagaehetésibﬁaﬁcéggrbe

nent 1, an upper shielding |a
’ : yer 2, and an
Sgpiﬁgg%€é§ Layeka4nar eol ahknameddimenkss ofr §6F BRS§SNT
bet rate (not shown). A sense current is conducted
| weghehbgouppend ead | ayer 4 and the |ower |ead
ayer 5 . That is, the sense current flows in i .
t hi ckness rdia.edtd ars @ tﬂi@arfﬁﬁr?etp@rresﬁeﬁqtalnve Vaef"j dfMa tip
el enent 1 . ce effect
n . Therefore, the magneti Q?a% ccardi
25 t pe rpriesertr osneediareit o éz‘répgf’t 4 2GR head
ype.
assembly 160 in the hard disk drive of FIG. 9.
DETAILED DESCRIPTION OF THE INVENTION

[First Embodiment]

FIG. 1 is a sectional view showing a first
embodiment of a magnetic head according to the present
invention. FIG. 2 is a front view of the magnetic
head of FIG. 1 viewed from a plane which faces a
medium. In FIGS. 1 and 2, a lower lead layer 5, a
lower shielding layer 3, a magnetoresistance effect
element 1, an upper shielding layer 2, and an upper
lead layer 4 are laminated in this order on a
substrate (not shown). A sense current is conducted
between the upper lead layer 4 and the lower lead
layer 5. That is, the sense current flows in a film
thickness direction of the magnetoresistance effect
element 1. Therefore, the magnetic head according to
the present embodiment is a CPP type.

Metal conductors such as Cu, Au, and Ta are

mainly usable in the lower lead layer 5 and the upper
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Metal conductors such as Cu, Au, and Ta are mainly
usable in the lower lead |ayer S and the upper |ead
layer 4. In the first enbodinment, Au is used. Soft
magnetic materials such as NiFe and CoZrNo are mainly
usable in the |ower shielding |ayer 3 and the upper

shielding layer 2. In the first enbodinent, 5 NFe is

used. The magnetoresistance_efgect el enment 1 has a
constitution in which, for exanple, a seed layer, an
anti-ferromagnetic |ayer, a magnetic pinned | ayer, a

spaggr, 4 éi%sr;e'rl ] .Ua%egih% frieed a¥@fodidithtd protectised .

10 layer "a amnated in this order. A netal magnetic
mat griral GEMAIin RetNri fie A% IR ITF GMDrERIRIND sare
mai nl'y usable in the magnetic free |ayer and the
magpeting yiuaed d ayerchd ndueer atiiefdimronegret it and the
| ayer, PtM, IrM or the like is usable. In the seed

i s bayer, sNika@ingTdagrent e | ike e uSiatsdte. enpdiesnt,
protective layer, Ta, Ru or the like is usable. In the

spadiertd dyemsea.conduct or such as Cu or Au, or a film
constituted by oxidizing a Cu/Al/Cu lamnated filmis
usabl e. \Wen MaE Rt ERTe | SRt ket ell B3 a2

conductive | ayer, a so-called CPP- head_ i roed.

?Meﬁotfﬁ’etlstb&déirr: Ilgyéffmi > 'coﬁ%‘i i TR € ass a%e?%siu%é%?hgan
ayer, .a so-called TMR head is_ f . LS

{ UGt T RO TR B 61 SR 6H dr T e o1

:M.Sdzst%ragedra lzaSyelrn, 4 %a%&t?@é respondi ng: 1 08¢ t4 8sKotective

layer are laminated in this order. A metal magnetic
material containing Ni, Fe, Co as main components is
mainly usable in the magnetic free layer and the
magnetic pinned layer. In the anti-ferromagnetic
layer, PtMn, IrMn or the like is usable. In the seed
layer, NiFeCr, Ta or the like is usable. In the
protective layer, Ta, Ru or the like is usable.

In the spacer layer, a conductor such as Cu or
Au, or a film constituted by oxidizing a Cu/Al/Cu
laminated film is usable. When the spacer layer is
constituted as a conductive layer, a so-called CPP-GMR
head is formed. When the spacer layer is constituted
as an insulating layer, a so-called TMR head is formed
using the tunnel effect.

The magnetoresistance effect element 1 is formed
in a width corresponding to a track width of a
magnetic recording medium. On opposite sides of the

magnetoresistance effect element 1, bias films (not
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magneti c recordi ng medium On opposite sides of the
magnet or esi stance effect elenent 1, bias filnms (not
shown) made of, for exanple, CoPt are disposed to hold
t herebetween an insulating film (not shown) nade of,
for exanple, alumna. In the above-descri bed
constitution, the lead 5 layers (reference nunerals
4, 5) for current supply are fformed outside the
magneti c shielding layers (reference nunerals 2, 3).
Therefore, a distance between the upper and | ower

shi gl divd0 hayer $cardie ekl d,0 Retsmld .didIRfdres hold
a gap length can be 10 reduced which determ nes a

r es @hltrie®e tivked tamadk sulengidgudisial (@iotecthicom) Teade of,
Is, the resolution of the magnetic recording nmedi um

i n tthe texaok legngiltunrdina.nal direction is set to be

mnute, so that the recording density can be

enhanced.In 5 Heyradnstarstas c 1 ibach b Welsdti bedie Lead
constitution, nost of the sense current flows through

t he Jogsd s | (@pdes nGspérmedzd 3 dyer )4 Latd IGREDY SHPPLY
| ayer 5). That is,, portions where the sense current
f1 ofse FﬁFHﬁﬁhQH%§%§%eﬁqﬁlﬂquéiﬁ%;ﬁﬁhﬁkélgﬁﬂeﬂ%ﬁ?@
| ayer 20 _and | ower_.shigel dj,ng | are |j.g 0
uppe<|‘r Cand enlcéav\élru“beorrat]‘lsonzg’ $> tg hﬁr?%en%%r&’e% S lgngca:(gcé

eff%ﬁexﬁgéﬂnﬁﬁe ﬁhﬁ%ﬁ}gn 1 ghve 2 -5 HAYX (ﬁﬁ”ﬂéﬁéréiééﬁiﬂb

of the Tesistan ought” by the shie ng 1 ayer to
the tofiale o iRsisptAnce it A e [Nens il & wan

be 25°reduced. Consequently, even when a disturbance
reduced which determines a resolution in a track
longitudinal direction. That is, the resolution of
the magnetic recording medium in the track longitudi-
nal direction is set to be minute, so that the
recording density can be enhanced.

Furthermore, in the above-described constitution,
most of the sense current flows through the lead
layers (upper lead layer 4 and lower lead layer 5).
That is, portions where the sense current flows
through the shielding layers (upper shielding layer 2
and lower shielding layer 3) are limited to upper and
lower portions of the magnetoresistance effect element
1 in FIGS. 1, 2. Consequently, a ratio of the
resistance brought by the shielding layer to the tortal
resistance apolied to the sense current can be
reduced. Consequently, even when a disturbance
magnetic field or the like acts on the magnetic head

of FIG. 1 or 2, and magnetoresistance effects are
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magnetic field or the Iike acts on the magnetic head
of FIG 1 or 2, and magnetoresi stance effects are
generated in the upper shielding layer 2 and the | ower
shielding layer 3, a resistance change ratio can be
reduced. Therefore, noises attributed to the
magnet or esi st ance effects of the shielding | ayers are
5 reduced, and the signal-te-ng@ise ratio of an out put
can be enhanced. FIG 3 is a sectional view show ng a
magneti c head for conparison. In the magnetic head of

FI GgederalRel uppeihd eapdrayaiid diors Inoter €acind the lower
portion where 10 the magnet oresi stance effect el enent

1 i shdeperinnpdsectr @) theasiperarstd elldinye |mteiro 2;an be
Simlarly, the lower |lead |ayer 5 does not reach a

por trieshiosider e Ttheer e frratgne tioriessi sstadrice leffast tt el eent 1
i's superinposed on the |ower shielding |ayer

3.
Thereoed o nesd ssevise B fasntremt fivwshif gayers are
consi derabl e part of the shielding |ayer, and the
r at if69SCehe ar")@si%’t%lr"?'c:lé?maolr“&ﬂjﬁioJ‘gfe t Js‘hi%{cﬁrhgoutput
| ayer tQ the total resistance applied to the sense
cur FERt BEnEPEANSE Theref ore, when the di sturbance

magnet i Cgf'g.' ga AU G;?#&%AMP RS O D8y s A&tic

head of e ‘magnet or esi stance fects are

pr 0@1%%@ At IRdR&on Shig] difg dayfde & alkhd hee lover 3,

shiel'ding layer "3, the resistance change ratio
I ndicgRt @R Valdigy Wi iy caniids e ignareds Jheredorehere

since the noises attributed to 25 the

magrelco hegirfttess iefdffuies affddie slingdri My 1aysuserimposed
on the upper shielding layer 2. Similarly, the lower
lead layer 5 does not reach a portion where the
magnetoresistance effect element 1 is superimposed on
the lower shielding layer 3. Therefore, the sense
current flows through a considerable part of the
shielding layer, and the ratio of the resistance
brought by the shielding layer to the total resistance
applied to the sense current increases.

Therefore, when the disturbance magnetic fiéld or
the like acts on the magnetic head of FIG. 3, and the
magnetoresistance effects are produced in the upper
shielding layer 2 and the lower shielding layer 3, the
resistance change ratio indicates a value which cannot
be ignored. Therefore, since the noises attributed to
the magnetoresistance effects of the shielding layers
are large, the signal-to-noise ratio of the output is

deteriorated.
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are large, the signal-to-noise ratio of the output is
deteriorated. FIG 4 is a graph showi ng effects

obtai ned by the present invention. The

signal -to-noise ratios of reproduced output fromthe
magnetic recordi ng medium are nmeasured on the sane
conditions with respect to 5 the magneti c heads of
FIG 1 (FIG 2) and FIG 3, -and results of the
nmeasurenent are plotted with respect to the

resi stance val ue of the magnetic head in this graph.

Wth respect, t0 each 40, ofhdmaietd or head, o?a Neadspy the
were prepared. The negnetic recordi ng medium 10 was

set dr@ sl t= 14500 tQxn M tTie GiFmEMW b i ASStHE g &f
float-up anount of the magnetic head = 5 nm sense

cur rreptr od i e outipitsifgral -tthe neigge triat imscasetisng medium
neasured. It is seen fromFI G 4 that the

si grale- neasoirsel ofb that isenef adne idydiadty gt tagirgnect to
head is 15 to 17 dB, whereas the signal -to-noise

r at itheomadhe tiggheEids had'IGaccor dilfy 10 1 pridsent, and
e IT 0 20 T8 csseny |t b BEED <o
'tnEgi uss'rr%ééétet%ﬂg{g 3&3?4 E%ﬁqﬁ' Fi Q“Oet% i g
shoﬁrnr%’ h[ei sé@l{){gld @%?9%63}? %egnte%o%% ttﬁ'g ersmogfnzrﬁ%ﬂ ead He&d,

accordiyng 40 Jde é‘riegﬂ'a%%%ﬂt iTeeHd perild ded B8 medium
noted that, in Fl ,
was set to Hc = 4500 Oe, Mrt = 0.3 menu/cmZ. Assuming
a float-up amount of the magnetic head = 5 nm, sense
current = 3 mA, the signal-to-noise ratios were
measured.

It is seen from FIG. 4 that the signal-to-noise
ratio of the existing magnetic head is 15 to 17 dB,
whereas the signal-to-noise ratio of the magnetic head
according to the present invention is 17 to 20 dB.
Consequently, it has been proved that, according to
the present invention, it is possible to enhance the
signal-to-noise ratio of the reproduced outputs from
the magnetic recording medium.

[Second Embodiment]

FIG. 5 is a sectional view showing a second
embodiment of the magnetic head according to the
present invention. It is to be noted that, in FIG. 5,

parts common to those of FIG. 1 are denoted with the

same reference numerals, and a different part only
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parts common to those of FIG 1 are denoted with the

sane reference nunerals, and a different part only 10

will be described here. In FIG 5, an insulating film

6 is | am nated between an upper lead | ayer 4 and an

upper shielding layer 2. The insulating film®6 allows

the upper lead | ayer 4 and the upper shielding |ayer 2

5 to be energized only in apargion froma

medi umfacing surface to the vicinity of the height

edge of the magnetoresistance effect element 1.

Si mijianl e esdMpdatidia film Fis. |gmyatietsdieiyigen £1ilm
a lower lead layer 5 and a | ower shielding | ayer 3.

The 6 nAsullatiing tEY fddumeermldrowspddre leawerl dyead 4 aaet &
and the lower shielding |ayer 3 to be energized only

i N tipeeporsthiie difromayes edi Uine doingl auimfade o & el Lows
vicinity of the height edge of the nagnetoresistance

ef f édte alppeantlend laveme janshitdd mpagy mhigldingy lgyer 2
or SiOx is usable, 15 and in the second enbodi pent,

Al OEG DSBS 1 Y AduIBBHE 91 i @ & BFum-facing
provi ded, a_  range i.n which nse current,flo IS

Fur SREE29S HA Gt FHACLAS:Y (He Qndte i GO [Snet 18

only in ortion in i ch the er, shiel di I

2 a QH§%%£%ﬁﬁﬁﬁﬁn%ﬁﬂ%g%ﬁ%k)%%@er %}e‘%ﬁ%%@%#ﬁggggl

on ! %ufgﬁyHﬁ(yfﬁﬂsfqgggﬁﬁgf e&ﬂﬁgﬁﬂgeﬂﬁa1ﬂﬁwé¥(¥é%d

according to the secon I ment, since influences
by nagnst of esjptancs&f f&f:iteslcpﬂ‘ngf hes ey, shired difigilating

| ayer "2 and the | ower shielding 1ayer 3 can further be
film 7 allows the lower lead layer 5 and the lower
shielding layer 3 to be energized only in the portion
from the medium-facing surface to the vicinity of the
height edge of the magnetoresistance effect element 1.
In the insulating films 6, 7, AlOx or SiOx is usable,
and in the second embodiment, AlOx is used.

When the insulating films 6, 7 are provided, a
range in which a sense current flows is further
limited. That is, the sense current flows only in a
portion in which the upper shielding layer 2 and the
lower shielding layer 3 are superimposed on the
magnetoresistance effect element 1. Therefore,
according to the second embodiment, since influences
by magnetoresistance effects of the upper shielding
layer 2 and the lower shielding layer 3 can further be

reduced, it is possible to enhance the signal-to-noise

ratio of a reproduced output.
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25 reduced, it is possible to enhance the

signal -to-noise ratio of a reproduced output. - 11

[ Third Enmbodinent] FIG 6 is a sectional view show ng
a third enbodinment of the nagnetic head according to
the present invention. In FIG 6, an upper |lead |ayer
4 5 and a lower lead layer 5 are slightly recessed
froma nediumfacing surface.11n +he upper |ead | ayer
4 and the lower |lead layer 5, Cu is often used, but
Cuis inferior in resistance to corrosion. Therefore,
when thefrgady IS Eind e )exposed on the nedi um facing
10 surface, they are sonetines corroded at a hei ght

| appi ng. iwer &f are,a whearnt idrea Uppesw | Sacvimyex ¥hand
the lower lead |ayer 5 are recessed fromthe nedi um

f aciemgpcslimfeace cofs tStrowmdnetHlG herd tdrcaetvusiton Hie

t he

hei ght | appi ng can be prevented. 15 [Fourth

Enbodiersntt] imvgntzdn. a Bedtiond: \Aew i Hpd Laver 4

fourth enbodi [ [
i ment of the magnetic h ag¥accord|qgjt9rom a

t he ansr @sfé‘fﬁwaﬁv]é‘rﬂq oRYSH FIEe ALy BCESSE

portion o FIG 6 is.furth recessed f

medi I ERE 19 SRS - and® & t%gr%i)%lf rselrJnapcgr]r%SFef ot and
resi

t%]trea gogﬂseterg 182y rloazxi/eornﬁ SLtgP a3 J@tl_erﬁ SuPLeVviged R i

this're d = por t1on: I general a indicates a
res'isht%\faj Lghele s than ddhats of o b 9fod he thkfefore, when
However, en Tais used only in atip portion of the

magngtd o NeAd Ase SHWWE idkposed on the medium-facing

surface, they are sometimes corroded at a height
lapping. Therefore, when the upper lead layer 4 and
the lower lead layer 5 are recessed from the medium-
facing surface as shown in FIG. 6, the corrosion at
the height lapping can be prevented.

[Fourth Embodiment]

FIG. 7 is a sectional view showing a fourth
embodiment of the magnetic head according to the
present invention. In FIG. 7, the recessed portion of
FIG. 6 is further recessed from a medium-facing
surface, and a material superior in resistance to
corrosion, such as Ta, is provided in this recessed
portion. 1In general, Ta indicates a resistance higher
than that of Cu or the like. However, when Ta is used
only in a tip portion of the magnetic head as shown in
FIG. 7, an entire resistance rise is remarkably small.
Even by this constitution, it is possible to prevent

the corrosion of lead layers at a height lapping in
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25 FIG 7, an entire resistance rise is remarkably
small. Even by this constitution, it is possible to
prevent the corrosion of lead |ayers at a hei ght
lapping in - 12 the sane manner as in FIG 6. FIG 8
is a second graph showi ng effects obtained by the
present invention. In any one of magnetic heads of
FIGS. 5to 7, noises attributetkto-nmagnetore 5
sistance effects of shielding | ayers can be reduced.
To prepare the graph of FIG 8, 20 sanples were

prepLedt Iy rearte0fad hiey magnetd ¢ heads shown in FIGS
5to 7, and 3 on the sane conditions as those of FIG

4. In thegam,isignadcdmd nprseh ratdwsngfefiflects obtained
reproduced outputs are plotted with respect to

r esitst arrcepfsdrite isanpleisonf the amgrens chemnelic

is seen fromFIG 8 that the signal-to-noise ratio of

any hefadsheo et & Heads dfoiRGs. a1yt §d tagnagneyore-
dB, and results are obtained which are nore 15

sat iSSfSE@HY AHAF thde YH THE HaghfF s Hedy B fadueed
fi mbodi ment. Ther ef or e, ] t
eSS i W 8 ndd 8 2 TEam fug diat

or diTig ™ . . . o
o AoLile 4 falSeale flanelad conai

recorgidg gredi um Bl G 3 % Scipd APREAESNEL: N SPEStENSse of
vieafgﬁ%mﬁng a hard d?gi drive on which the magnetic

headrgan be TWWHEA A560) d fhd D-t hen 8IdOdi Fends 0b £
t he present
reproduced outputs are plotted with respect to
resistances of the samples of the magnetic heads.
It is seen from FIG. 8 that the signal-to-noise
ratio of any of the magnetic heads of FIGS. 5 to 7 is
19 to 21 dB, and results are obtained which are more
satisfactory than those of the magnetic head of the
first embodiment. Therefore, it has been proved that,
according to any one of the second to fourth embodi-
ments, it is possible to raise the signal-to-noise
ratio of the reproduced output from the magnetic
recording medium.
FIG. 9 is an appearance perspective view showing
a hard disk drive on which the magnetic head can be
mounted according to the embodiment of the present
invention. The magnetic head according to the present
invention can be mounted on a magnetic reproduction
apparatus which reads digital data magnetically

recorded in the magnetic recording medium. As the
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i nvention. The magnetic head according to the present
25 invention can be nounted on a magnetic reproduction
apparatus which reads digital data magnetically
recorded in the magnetic recording nedium As the - 13
magneti c recording nmedium a platter built in a hard
disk drive is representative. Furthernore, the
magneti ¢ head of the present ifwention nmay be nounted
on a magnetic recording/reproduci ng apparatus which 5
al so has a function of witing digital data in the

mg%%g‘n%t&%cqfé?ﬂdlgii%dlm&aidnﬂ & harat w skodritve il 50 efrd
FIG 9, the magnetic ™ head is noved using a rotary
act wals® ddifdFlie Bpresatitse imedl urB2Gthd ororescarttd ng
is attached to a spindle 10 152. This disc medi um 200
i s matatead/cdmesen dfn tthee prdiseect iionveoft i gwe A iy ounted
not or (not shown) which responds to a control signa
f r omna ad magined: ide viess r digre frsip naduc {ptargabus [thigh
to be noted that a plurality of disc nediuns 200

TR

be prlod ded aarfdnos ian ©f ype o appfdidrs 353 e
to as a plural platter€%¥pe. A head slider 153 is
at t FHEE HE FAGYF DA i | m | i ke suspensi on 154

0o {hal ROl Lo 8P R 48 Bfeehoca ol um 200

ePLiee T 5 LS el P grens <

hea%fgd‘%%dfﬁﬁiZOO for recording is attached to a spindle
152. This disc medium 200 is rotated/driven in the
direction of arrow A by a motor (not shown) which
responds to a control signal from a driving device
control unit (not shown). It 1s to be noted that a
plurality of disc mediums 200 may be provided, and
this type of apparatus is referred to as a plural
platter type.

A head slider 153 is attached to a tip of a thin-
film-like suspension 154 so that information is stored
in the disc medium 200, or information recorded in the
disc medium 200 is reproduced. The magnetic head of
any of FIGS. 1 and 5 to 7 is mounted in the vicinity
of the tip of the head slider 153.

When the disc medium 200 rotates, a medium-facing
surface of the head slider 153 floats up from the
surface of the disc medium 200 by a certain height.

It is to be noted that the magnetic head of the

present invention is also applicable to a so-called
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When the disc nmedium 200 rotates, a nedi umfacing

surface of the head slider 153 floats up fromthe 25
surface of the disc medium 200 by a certain height.

It is to be noted that the magnetic head of the

present invention is also applicable to a so-called 14
contact running type apparatus whose slider is brought
into contact with the disc 4rediaam-200. The suspensi on

154 is connected to one end of the actuator arm 155
havi ng a bobbin section (not shown) 5 which holds a

dri Hong 2@ Iruathgs ko) .aphatcitess adidse mitiafeA 56 brought
which is one type of linear notor is disposed on the

ot ham tendooft atdte waathuather cdrsm Esiiuk Addl.ce coil notor

156 conprises: the driving coil (not shown) wound up

on the bdbts rssmErnirrofl thel actermertad & mnssEndnet the
a magnetic circuit in which a permanent magnet is

di spege foaciang A opposed yolke I s RaPE Ol Hwn)
hel &M AT e 1198 LR Sholib: disiBted dh Y= coil
upper_.and .| gwer_.port.ions i.s of i_ndl 7,.and i

sl i dak%y fotCat" °g\/ JT%é’_r\?oité’_eDe Coi IsllOllnrgidaorre I?llqgréj.r Iafl G | io

S ) AUALYh RYSRAGHIY G W Undt ddda RO A T49M 2
t he “actiat or arm 155 of 't he magneti c eacfi assenbl y

160 N dhear ik 15d verdfrfdda: Ind eyed, 2y fd®m anot

mediumside. In FIG 10, the magnetic head assenbly

160 dswrh)yhey At aiProraridRel Bobe £k fn td® the actuator
arm 155; and a magnetic circuit in which a permanent
magnet is disposed facing an opposed yoke in such a
manner as to hold the coil therebetween.

The actuator arm 155 is held by ball bearings
(not shown) disposed on two upper and lower portions
of a spindle 157, and is slidably rotated by the voice
coil motor 156.

FIG. 10 is an enlarged perspective view of a tip
portion from the actuator arm 155 of the magnetic head
assembly 160 in the hard disk drive of FIG. 9 viewed
from a medium side. In FIG. 10, the magnetic head
assembly 160 has the actuator arm 155. One end of the
actuator arm 155 is connected to the suspension 154.
The head slider 153 is attached to the tip of the
suspension 154. The suspension 154 has a lead wire
164 for writing and reading a signal. The lead wire
164 is electrically connected to each electrode of the

magnetic head incorporated in the head slider 153.
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actuator arm 155 is connected to the suspension 154.
The head slider 153 is attached to the tip of the
suspensi on 154. The suspension 154 has a |lead wire 25
164 for witing and reading a signal. The lead wire
164 is electrically connected to each el ectrode of the
magneti ¢ head incorporated in the head slider 153. -
15 The lead wire 164 is also opnnected to el ectrode
pads 165. As shown in FIGS. 9 and 10, when the hard
disk drive is inplenmented using any of the magnetic

headse 3Q0 FiGR 154an¢ 1@ GordedtePassidilletdrdde
obtain a reproduced out put having | ess noi se as

conmpaded 1wist.h the existing hard disk drive
Additionally, magnetic recording density is further
enhanced Asarshcarf Uit FIGS i ricrazabel bf whegordiengrard disk
capacity can be pronoted. 10 As descri bed above,
accolrdivieg itso irfpd emebpddichersi ndofanyhe fpridse magnateit itgRds
when the upper lead |layer 4 and the |ower |ead |ayer

5ha|0|§ féﬁ%ﬂ 1o|l§‘t”éji de tohe rupperl SSHEIGING It &P 2 Eh S

t i eldi | .3, tively, | .
Cﬁﬁ BT OBGEE T Feih See-N 91 2 45 TR AW TR 1 Jore
t ti G . di medi F . ' -
upp el 8 Syl M T iy PR R e e

ext ended fonargd {he e yp, fasi dfe.add d Sturther
S

posSibl'é toreduce the range I n the sense

cur rgRt ofHls@Ws, # hQughy itrhe URRAT: 130 & elddigkbrianal. 2
and the | ower shielding1ayer 3, "and '
As described above, according to the embodiment

of the present invention, when the upper lead layer 4
and the lower lead layer 5 are formed outside the
upper shielding layer 2 and the lower shielding layer
3, respectively, gap length can be reduced to enhance
the recording density of the magnetic recording
medium. Furthermore, since the upper lead layer 4 and
the lower lead layer 5 are extended toward the medium-
facing surface, it is possible to reduce the range in
which the sense current flows through the upper
shielding layer 2 and the lower shielding layer 3, and
it is possible to reduce noise by the magnetoresis-
tance effects of the upper shielding layer 2 and the
lower shielding layer 3. Furthermore, since the
insulating films 6, 7 are laminated, the range in
which the sense current flows can further be reduced
to reduce the noise further. Consequently, there can

be provided a magnetic head, a head suspension
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it 1s possible to reduce noise by the magnetoresi s-
tance effects of the upper shielding |layer 2 and the

| oner shielding |ayer 3. Furthernore, since the
insulating films 6, 7 are | am nated, the range in 25
whi ch the sense current flows can further be reduced
to reduce the noise further. Consequently, there can
be provided a nagnetic head; aidead suspension 16
assenbly, and a nagnetic reproduction apparatus in

whi ch the noi se conponents by the disturbance nagnetlc
fielag sar®1r6ducRr a Addjddtanalr ahaniagesm aligbaratus in
nodi fications will 5 readily occur to those skilled in
t he waritch Ther efodrse, conperiententdyortien d st brlgades magnetic
aspects is not limted to the specific details and

r eprfesdnt atrieveegiviodi-nrents shown and descri bed

her ei n. Accordlngly, vari ous nodifications may

made wi t Heldl tdegirk iafy FrFEheand r@qﬁ%ﬂ%?l%%p%l%%
t he general |nvent|on conce def| th
appérdsd 1y éﬁchélrar?d’ 8 5e esgﬂﬁlaaqde erefore,

CLALMED I S: , h whi h
CLALYED Sk, AT %%:oaoeaeerne#pevazerz“’v 0t

gfsetg% urcﬁ‘e% :%Et}rlf%-% %ﬂ(ﬁ e%d(ess Cﬁlgi}lectl O%{%M e@ts

MRYRSl Are SR U B RE th & SNt Al IBUSY Cvahﬁ?éjus

conpri si ng:
modifications may be made without departing from the

spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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a first shielding | ayer which is superinposed on one
surface of the magnetoresistance effect elenent 10
and whose area is larger than that of this one
surface; a first lead |ayer which is fornmed ranging
froma portion where the first shielding layer is
superi nposed on the nagnetoresi stance effect el enent
15 to another portion on the fitst-shielding |ayer and
whi ch applies the sense current to the
magnet or esi stance effect elenent; a second shiel ding

| ayer which is superi WHaSedSoQLAANEDhE&S:surface of the
magnet or esi stance effect 20 el ement opposite to the
one surfadce anduagroselareead svhich ges phanidedtvWbih tde
ot her surface; and a second | ead | ayer which is forned

r angiasd A 1 teaad G AAREr S HARETHeCOIRF S 1t iRt 1Y of
o ] Bl o T %%Seiﬂo{’w%%“tpe&[‘aa%ﬁt»%ﬁ he e @

Co BEAaGHEY o%netslg“ R iRttt et ?t%so%”fff“ﬁﬂhe
ming]neat nce%e:aeds agccc f{eoctCleai ﬁ]nt fﬂ“}{% Ins th head

conprl atlng ates a
par t. of rf% qgﬁtact surface between the first shielding
Iayer and e first lead |ayer; and a second

insul ating £itdm Wi cdn dnsyl o4 @Sr avippdit is superimposed on
one surface of the magnetoreéistance effect element
and whose area is larger than that of this one
surface;

a first lead layer'which is formed ranging from a
portion where the first shielding layer is
superimposed on the magnetoresistance effect element
to another portion on the first shielding layer and
which applies the sense current to the
magnetoresistance effect element;

a second shielding layer which is superimposed on
another surface of the magnetoresistance effect
element opposite to the one surface and whose area 1is
larger than that of the other surface; and

a second lead layer which is formed ranging from
a portion where the second shielding layer is superim-
posed on the magnetoresistance effect element toc
another portion on the second shielding layer and
which applies the sense current to the magnetoresis-

tance effect element.



of a contact surface between the second shi el di ng

| ayer and the second |ead |ayer. 3. The magnetic head
according to claim2, 10 wherein the first insulating
filminsulates a portion other than the portion where
the first shielding layer is superinposed on the
magnet or esi stance effect elenent in the contact
surface between the first -shiigd dishg |ayer and the
first lead layer, and 15 the second insulating film
insul ates a portion other than the portion where the

second shi.el difdg md@¥erid heperddmaseady ofb tditaim 1,
magnet or esi stance effect elenent in the contact

sur faeehbet weamrtikea ngecond shi el ding | ayer and the
second | ead layer. 20 4. The magnetic head accordi ng

t o cl ai mal fingterigisulteherfg risitln eddidraylersuldtees ia spart of
shielding |ayer, the magnetoresistance effect

el eperentelkd ssedene Peiteledimdgheaydrrstafd e idtomyer

| ead | ayer share the same plane, and face a magnetic
rec8rdi r§e 5 rsddileavil@Yeie fi%%he. 5. The nmgnetic

head according to clai.m.1, rein the first

oo o MDA L s igna e I indMlaten 2 part
el ement,, and _the second ,shiel di | er _share the
Shogih: BRtLChe 20AIE A the DRI UE Hfin

fg:&gkgqean%QQh%h%é@&Hg 4§§5jﬂa g, and the second
yer are recessed fromthe plane, and face
the magnetic The magnetic head according to claim 2,
wherein the first insulating film insulates a portion
other than the portion where the first shielding layer
is superimposed on the magnetoresistance effect
element in the contact surface between the first
shielding layer and the first lead layer, and

the second insulating film insulates a portion
other than the portion where the second shielding
layer is superimposed on the magnetoresistance effect
element in the contact surface between the second
shielding layer and the second lead layer.

4, The magnetic head according to claim 1,
wherein the first lead layer, the first shielding
layer, the magnetoresistance effect element, the
second shielding layer, and the second lead layer
share the same plane, and face a magnetic recording
medium via the plane.

5. The magnetic head according to claim 1,

wherein the first shielding layer, the
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recordi ng medium 6. The magnetic head according to
claimb5, wherein nenbers whose conpositions are
different from those of the first and second | ead

| ayers are forned 10 in portions where the first and
second |l ead | ayers are recessed fromthe plane. 7. A
head suspensi on assenbly conprising: the magnetic
head according to claim1; andl® support nechani sm
whi ch supports the magnetic head in such a 15 manner
that the magnetic head faces a recording surface of a
mag felgne toeeeriditighded AfactS.c lankead sirspertss aecond
assenbly conprising: the magnetic head according to
cl aismiZlddamdy 4 asiepparttararediraiasm \Wiagte s uppbriace he
magnetic head in such a 20 manner that the magnetic
heahaigacds ca neseaddingg mesiiface oft e rilgriea i and
recording medium 9. A head suspension assenb]y

conpri si fge tiHe s thdginét i ‘@ Yfead it ARl HRFIRF cteddn Baver

and a support chani sm whi ch su rts t magnet i c
oad on TR0EH 58 D e Har &g Rag CH i
a r%pordin% %%%f%ﬁ? of a magnetic recordi ng medi um
10. &Cﬁggé usp nsion assenbly conprising: the 20

nagnet | ¢ fead acGOIdlidig d 9 Al Ath & SUPPOIL. s,

mechani smwhi'c orts the magnetic head in such a
menpgle fhal nidi® JFRINGHE ReARhJAGED R THOTd i rent from

surface of a magnetic recording nedi um
those of the first and second lead layers are formed
in portions where the first and second lead layers are
recessed from the plane.

7. A head suspension assembly comprising: the
magnetic head according to claim 1; and a support
mechanism which supports the magnetic head in such a
manner that the magnetic head faces a recording
surface of a magnetic recording medium.

8. A head suspension assembly comprising: the
magnetic head according to claim 2; and a support
mechanism which supports the magnetic head in such a
manner that the magnetic head faces a recording
surface of a magnetic recording medium.

9. A head suspension assembly comprising: the
magnetic head according to claim 3; and a support
mechanism which supports the magnetic head in such a
manner that the magnetic head faces a recording
surface of a magnetic recording medium.

10. A head suspension assembly comprising: the
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5 11. A head suspension assenbly conprising: the
magneti ¢ head according to claim5; and a support
mechani sm whi ch supports the magnetic head in such a
manner that the nmagnetic head faces a recording
surface of a magnetic recording nmedium 10 12. A head
suspensi on assenbly conprising: the magnetic head
according to claim6; and a support mechani sm which
supports the magnetic head in such a manner that the
magneti ¢ head faces a recording surface of a magnetic

r ecaiadinkd iR day® akrokdirdy MRYREtdiGn repraducd iapport
apparatus which reads magnetic information recorded

i N aeh@mndtisnt whietorsdippe reditia magrse: iof reamagetsuch a
head, conpris- ing: the head suspension assenbl
accowdingg tthateltdiemmagrzd it hegdrdpwss @ regratiidtd on
apparat us whi ch reads magnetic_information recorded

Ln guﬁﬁEM%ﬁiQf & dEEd g ER WA Y Redidfa nagneti ¢
ead, conpris-_ing: the head suspension assenb]y,
accordingtto ZIBFIf SUSEEYS O X 9%%%{:%3&? pnthe

cDPRLAR sl CER ety 4 R en o chptd

Mo g LT g, B8 AR O, ppsert o

appﬂﬁ%k%%\@ﬂé¥1the magnetic head faces a recording
surface of a magnetic recording medium.

12. A head suspension assembly comprising: the
magnetic head according to claim 6; and a support
mechanism which supports the magnetic head in such a
manner that the magnetic head faces a recording
surface of a magnetic recording medium.

13. A magnetic reproduction apparatus which
reads magnetic information recorded in a magnetic
recording medium by use of a magnetic head, compris-
ing: the head suspension assembly according to
claim 7.

14. A magnetic reproduction apparatus which
reads magnetic information recorded in a magnetic
recording medium by use of a magnetic head, compris-
ing: the head suspension assembly according to
claim 8.

15. A magnetic reproduction apparatus which
reads magnetic information recorded in a magnetic

recording medium by use of a magnetic head,
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reads magnetic information recorded in a magnetic 5
recordi ng nedi um by use of a magnetic head, conpris-

i ng: the head suspension assenbly according to claim
10. 17. A mmgnetic reproduction apparatus which reads
magnetic information recorded in a magnetic 10
recordi ng nedi um by use of a magnetic head, conpris-
ing: the head suspension assermply -according to claim
11. 18. A mmgnetic reproduction apparatus which reads
magnetic information recorded in a magnetic 15

r eC@bﬂip&gerE?:UlﬂHéy nesel Gfuspdrmanet s dwasl, y corgsi$ing to
i ng: the head suspension assenbly according to claim

12. claim 9.

16. A magnetic reproduction apparatus which

reads magnetic information recorded in a magnetic

recording medium by use.of a magnetic head, compris-

ing: the head suspension assembly according to
claim 10.
17. A magnetic reproduction apparatus which

reads magnetic information recorded in a magnetic

recording medium by use of a magnetic head, compris-

ing: the head suspension assembly according to
claim 11.
18. A magnetic reproduction apparatus which

reads magnetic information recorded in a magnetic

recording medium by use of a magnetic head, compris-

ing: the head suspension assembly according to

‘claim 12.



