MAGNETORESI STANCE SENSOR AR ZApB-q Tos
g NCED NAGNETCRESISTIVE EFFECT Background of the
I'nvention Technical Field This invention relates in general to a
magnet oresi stive read sensor for reading signals recorded in a nagnetic
medi um and, nore particularly, it relates to a magnetoresistive read
sensor W th inproved nmagnetoresistive effect. Description of the
Background Art Conmputers often impclude auxiliary nmenory storage

“devi ces having nedia on which data can be witten and from which data can
be read for |ater use. A direct access storage device (disk drive)

I ncorporating rotating nmagnetic disks is connnnly used for storing data in
magnetic formon the disk surfaces. Data recorded on concentric,

radial |y spaced |nforn%é#%p tWé@K%TQﬁquﬂgAqgﬁigEggg B6ESer VBgNet i ¢ heads

I ncludi ng read sensors

Background of the Invention
echnic Field |
This invention-relates in general to a magnetoresistive read
¢ sensor for reading signals recorded in a magnetic medium and,
more particularly, it relates to a magnetoresistive read sensor

with improved magnetoresistive effect.

escri tid of the Bac ound t

Computers often include auxiliary memory storage devices

having media on which data can be written and from which data can
be read for later use. A direct access storage device (disk
dfive) iﬁcorporating rotating magnetic disks is commonly used for
storing data in magnetic form on the disk surfaces. Data is

. recorded on concentric, radially spaced information tracks on the
disk surfaces. Magnetic heads including read sensors are then
used to read daté from the tracks on the disk surfaces.

In high capacity disk drives, magnetoresistive fead sensors,
commonly referred to as MR heads, are the prevailing read sensors
because of their capability to read data from a surface of a disk
at greater linear densities than thin film inductive heads. An

MR sensor detects a magnetic field through the change in the
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- used to read data fromthe tracks on the disk surfaces. I n high

capaci‘ty disk drives, nmagnetoresistive read sensors, comonly referred to
as MR heads, are the prevailing read sensors because of their capability
to read data froma surface of a disk at greater l|linear densities than
thin filminductive heads. An MR sensor detects a magnetic field through
the change in the 2
resistance of its MR sensing |ayer (alsreferred to as an "MR el enent")
as a function of the strength and direction of the magnetic flux being
sensed by the MR | ayer. The nost common MR sensors currently under
utilization in the high capacity disk drives are anisotropic

Sensors nm In the A

magnet or esi sti ve A i festing the AVR effect, VR
Sensor . { nESSLPERRFBIPE LT SN AGRARRS T FEFEY JAL A EofBEFEHLFR Ao HERR
e vor Sindictoad iRt SESLES R Sl becetdh P mEer e
the MR | aypaghbtfc flux Thaim) eehsed b¢tneNRIQayes.
The most common MR sensors currently under utilization in
the high capacity disk drives are'anisotropic magnetoresistive
(AMR) sensors manifesting the AMR effect. 1In the AMR sensor, the
electron scattering and therefore the resistance of the MR layer
varies as the function of cos?c where o is the angle between the
magnetization of the MR layer and the direction of the current
flowing in the MR layer (Fig. 1). The electron scattering and
therefore the resistance is highest for the case where £he
magnefization of the MR layer is parallel ﬁo the current and
minimum when the magnetization of the MR layer is perpendicular
to the current. U.S. Patent No. 5,018,037 entitled
"Magnetoresistive Read Transducer Having Hard Magnetic Bias",
granted to Krounbiﬁet al. on May 21, 1991, discloses an MR sensor
'Qperating on the basis of the AMR effect.
Referring back to Fig. 1, there is shown a prior art AMR
sensor 100 comprising end regions 104 and 106 separated by a
central region 102. MR layer 110 is separated from a soft
adjacent layer (SAL) 120 by a non-magnetic, electrically
conducting spacer 115 and all three layers are formed in the

central region 102. The SAL 120 transversely bias the MR layer

110. Hard bias layers 130 and 135 formed in the end regions 104



therefore the resistance is highest for the case where the magnetization
of the MR'1ayer is parallel to the current and m nimum when the

magneti zati on of the MR layer is perpendicular to the current. U S. Patent
No. 5,018,037 entitled "Magnetoresistive Read Transducer Having Hard
Magnetic Bias", granted to Krounbi et al. on May 21, -1991, discloses an MR
sensor operating on the basis of the AMR effect. Referring back to
Fig. 1, there is shown a prior art AMR $ensor 100.conprising end regions
104 and 106 separated by a central region 102. MR |ayer 110 is separated
froma soft adjacent |layer (SAL) 120 by a non-magnetic, electrically
conducting spacer 115 and all three layers are forned in the central

{egion 102. The SAL 120 t&%niverfé%%iQ%gf hge aée@ﬁz'mnl g'eib{fhf”éﬁid
ayers 130°%hd %%s HEFRRCH VR ¥ ne! SHY TGN Y 1Y 4
s 1Sy B0 R AN e ASBORLAE et Moy 100
© layer 110, spacer 115, and the SAL 120. Leads 140 and 145 formed
over hard bias layers 130 and 135, respectively, provide
electrical connections for the flow of the sensing current I,
from a current source (not shown) to the MR sensor 100.
As mentioned earlier, an MR sensor exhibits a change in
resistance when in the presence of a changing magnetic field.
This resistance change is transformed into a voltage signal by
passing a sense current throqgh the MR element. However, there
is a major problem associated with the prior art AMR sensor 100
i shown in Fig. 1. The contiguous juﬁction AMR sensor 100
typically loses about 20-40% of its magnetoresistive effect
because only a portion of the sense current I; flows in the MR
element 110 (I, ). That portion of the sense current not flowing
in the MR element 100 flows in the spacer 115 (Ig, a very

’ ﬁegligible current because of a high resistivity spacer) and the
SAL 120 (I;,). A portion of the sense current flows in the SAL
120 because SAL 120 is made of electrically conducting material
which forms a parallel conductive path with the MR layer 110.
Fig. 2 depicts schematically the flow of the sense current in the
MR layer 110 and the SAL layer 120. The flow of current in the
spacer 115 is generally very negligible and therefore not shown.

Referring back to Fig. 2, it can readily be seen that :



| ayer 110, spacer 115, and the SAL 120. Leads 140 and 145 fornmed over hard
s bias l'ayers 130 and 135, respectively, provide electrical connections for
the flow of the sensing current I[err] froma current source (not shown)
to the MR sensor 100. As nentioned earlier, an MR sensor exhibits a
change in resistance when in the presence of a changing magnetic field.
This resistance change is transforned i nt a voltage signal by passing a
sense current through the MR el ement. However, there is a nmjor problem
associated with the prior art AVR sensor 100 shown in Fig. 1. The
contiguous junction AVR sensor 100 typically |oses about 20-40% of -its
magnet oresi stive effect because only a portion of the sense current I[err]
flows in the MR elenment_ 110 (I&grr] . That portion of the sense current
not flowing in the IR eledBet/B80*Rovk in the spacer 115 (I[err] a very
negligi bl e current cause qf hi gh ,pesjstivity spac nd the SAL 120
(I'Terr]). A portionqgf t (génge+cﬁv(ﬁ iflows in the Afg 120 because SAL
120 is made of electrically conducting material which forns a parall el
conductive path with the MR layer 110. Fig. 2 depicts schematically the
fl ow of thensensgpinalr MB sensbhel0dR | ayer 110 and the SAL | ayer 120. The
flow of current in the spacer 115 is generally very negligible and
t heref ore not shown.Pw RefZSr HnGMpack to Fig. 2, it can readily be seen that

MR thickness = 150 A,

<

P, = 60 uQ bm, and
SAL thickness = 100 A,
which means:
Ry = 32 Q and
Ry = 120 Q.
Substituting the above numerical values in equation 1, it can
readily :be shown that about 21% of the sense current is lost
through the SAL 120. Since only about 79% of the current flows
in the MR layer 110, the read signal power is only about 62% of
' fhe read signal-power without the current loss (P= RI’= R(0.79)=
R(0.62)). 21% reduction in the sense current means that the MR
effect is reduced by about 38%. This loss of current which
results in the loss of the MR effect is referred to as SAL sense
current shunting effect. The prior art AMR sensors have so far
not provided a practical solution to eliminate the SAL sense

current shunting effect.



4" [err] In a typical MR sensor 100: [err] = 25 [err] cm
MR t hi ckness = 150 [err], [err] =60 [err] cm and

t hi ckness = 100 [err], which neans: [err] Substituting the above
nunerical values in equation 1, it can readily be shown that about 21% of

" the sense current is lost through the SAL 120. Since-only about 79% of the

current flows in the MR layer 110, th% read signal power is only about 62%
of the read signal power without the current loss (P[err]=

‘Ri[err](0.79)[err]= R( .62)). 21%reduction in the sense current neans
that the MR
Therefore, there is a need for an invention which
substantially eliminates the SAL sense current shunting effect in
the MR sensors and therefore increases the magnetoresistive

effect.

Summary of the Invention

It is an object of the present invention to disclose an AMR
sensor having an improved MR effect. |

.It is yet another object of the present invention to
disclose an AMR sénsor where the SAL current shunting effect is
eliminated.

It is still another object of the present invention to
disclose an AMR sensor where substantially all of the sensing
current :flows in the MR layer.

These and other objects and advantages are attained in
accordance with the principles of the present invention by a

'ﬁagnetoresistive sensor having end regions separated from each
other by a central region. Hard bias layers formed in the end
regions provides longitudinal biasing for the MR layer formed in
the central region. Each hard bias layer further forms a
contiguous junction with the MR layer. A soft adjacent layer
(SAL) formed in the central region and the end regions provides
transverse biasing for the MR layer. The SAL is disposed over an

antiferromagnetic layer (AFM) and has its magnetization vector



effect is reduced by about 38% This |oss of current which results in the
| oss of the MR effect is referred to as SAL sense current shunting effect.
The prior art AMR sensors have so far not provided a practical solution to
elimnate the SAL sense current shunting effect. - -

5 Therefore, there is a need for an invention which

substantially elimnates the SAL sense ¢yrrent shunting effect in the M
sensors and therefore increases the nagnetoresistive effect.

Summary of the Invention It is an object of the present invention to
di scl ose an AMR sensor having an inproved MR effect. It is yet

anot her object of the present invention to disclose an AMR sensor where

the SAL current shunting effect is elimnated.
preferably fixXed in the transverse (i.e., perpendicular to the

air bearing surface) direction as a result of an exchange
coupling with an antiferromagnetic (AFM) layer. Furtherﬁore, the
MR layer formed in the central region as well as the hard bias
layers formed in the end regions are eiectrically insulated from
the SAL by an insulator. Separating the SAL from the MR layer
and the hard bias layers by an electrical insulator eliminates
the SAL sense current shunting effect which improves the MR

effect of the AMR sensor by about 20-40%.

‘Brief Description of the Drawings
For a fuller understanding of the nature and advantages of
the present invention, as well as the preferred mode of use,
reference should be made to the following detailed description
read in conjunction with the accompanying drawings. In the
following drawings, like reference numerals designate like or
:similar parts throughout the drawings.
Fig. 1 is a perspective view of a prior art AMR sensor;
Fig. 2 is an electrical model of the MR layer and the SAL
shown.in Fig. 1;
Fig. 3 is a simplified diagram of a magnetic disk storage

system embodying the present invention; and



It"is still another object of the present invention to disclose an AMR

. sensor where substantially all of the sensing current flows in the MR
| ayer. " These and ot her objects and advantages are attained in
accordance with the principles of the present invention by a
magnet or esi stive sensor having end regioqﬁ separated fromeach other by a
central region. Hard bias layers forned i'n the end regions provides
| ongi tudi nal biasing for the MR layer formed in the central region. Each
"hard bias layer further forns a contiguous junction with the MR layer. A
soft adjacent layer (SAL) fornmed in the central region and the end regions
provides transverse biasing for the MR |ayer. The SAL is di sposed over an

antiferromagnetic | ayer F and h it | [
o of o b Y S nd A 8P A0S ek MBOBEEEEEL b (REePective

bearing swi{aee) v 8 ise@185 8f @l AMOsedBoex6hatige prefrireag W th an
antiferromagnetic (AFM layer. Furthernore, the

embodiment of the present invention.

| Best Mode for Carrying Out the Inventi&n

The following description is the best mode presently
contemplated for carrying out the 1nvention."This description
and the number of alternative embodiments shown are made for the
purpose of illustrating the general principle of the present
invention and is not meant to limit the inventive concepts
claimed herein.

Referring now to Fig. 3, there is shown a disk drive 300 .

| embodying the present invention. As shown in Fig. 3, at least
one rotatable magnetic disk 312 is supported on a spindle 314 and
rotated by a disk drive motor 318. The magnetic recording media
on each disk is in the form of an annuiar pattern of concentric
'.data tracks (not shown) on disk 312.

At least one slider 313 is positioned on the disk 312, each
slider 313 supporting one or more magnetic read/write heads 321
where the head 321 incorporates the MR sensor of the present
invention. As the disks rotate, slider 313 is moved radially in
and out over disk surface 322 so that heads 321 may access
different portions of the disk where desired data is recorded.

Each slider 313 is attached to an actuator arm 319 by means of a



MR | ayer fornmed in the central region as well as the hard bias |ayers
sformed in the end regions are electrically insulated from the SAL by an
i nsul ator. Separating the SAL fromthe MR |ayer and the hard bias |ayers
by an electrical insulator elimnates the SAL sense current shunting
effect which inproves the MR--effect of the AMR sensor by about 20-40%
Brief Description of the Draw ngs For a fuller understanding of the
nature and advantages of the present i%vention, as well as the preferred
node of use, reference should be nmade to the follow ng detailed
descriptiaon read in conjunction wth the acconpanying drawings. In the

follow ng drawi ngs, |ike reference nunerals designate like or simlar
parts throughout the drawﬁng§. Fig. 1 is a perspective view of a
prior art AEREARISM 315. Thegsuspensigh J18:Pre¥ifes iidlight; gering| ayer

magneti ¢ di'sk storage System enbodyl ng € present Tnventio
7 - actuator arm 319 is attached to an actuator means 327. The

and the SALf f %J.'cﬁl 'ﬂig'seﬁ; slider :ﬂgﬁ ﬁitatﬁia”&’iéﬁis‘%frf%%;%gégg‘. Ongch

actuator means as shown in Fig. 3 may be a voice coil motor
(VCM). The VCM comprises a coil movable within a fixed magnetic
field, the direction and speed of the coil movements being
controlled by the motor current signals supplied by controller
329.

During operation of the disk storage system, the rotation of
disk 312 generates an air bearing between slider 313 and disk

surface 322 which exerts an upward force or lift on the slider.

The air bearing thus counter-balances the slight spring force of
suspension 315 and Supports élider 313 off and slightly above the
disk'surtace by a small, substantially constant spacing during
" normal operation.
The various components of the disk storage system are
'Eontrolle¢ in operation by control signals generated by control
unit 329, such as access control signals and internal clock
signals. Typically, control unit 329 comprisés logic control
circuits, storage ﬁeans and a microprocessor. The control unit
329 generates control signals to control various system
operations such as drive motor control signals on line 323 and
head position and seek control signals on line 328. The control

signals on line 328 provide the desired current profiles to



Figs. 4A and 4B are air bearing surface and perspective views, not to
scal e, of'the AMR sensor of the preferred enbodiment of the present

i nventi on. Best Node for Carrying Qut the Invention

The follow ng description is the best node presently contenplated for
carrying out the invention. This description and the nunber of alternative

enbodi nents shown are nade for the purgose of illustrating the general
principle of the present invention and”is not neant to limt the inventive
‘concepts clained herein. Referring nowto Fig. 3, there is shown a

di sk drive 300 enbodying the present invention. As shown in Fig. 3, at
|l east one rotatable magnetic disk 312 is supported on a spindle 314 and

rota ieg P¥p %ﬁdia? d‘¥'$‘¥eean Yo ﬁl@oﬁggla&g i Gd §5Q" dbgrs@difta Q;'}a%?not

ul ar ern of concentric data tracks

shown) onqdi aksR1312. Read“taﬂdeee&&tengighamrax?eladmuamaate@rtaﬂ and Eeremdi sk
312, each slider 313 supporting one or nore magnetic read/wite heads 321

wher e t he readdwa2te] head B2t &y meenkRoferscordiing ichapneted’5. i nvention. As
the disks rotate, slider 313 is noved radially in
The above description of a typical magnetic disk storage
system, and the accompanying illustration of Fig. 3 are for
| representation purposes qnly. It should be apparent that disk
storage systems may contain a largé number of disks and
actuators, and each actuator may support a number of sliders.
Referring now to Figs. 4A and 4B, there are shown an air
bearing surface and a perspective view, not to scale, of an AMR

sensor 400 of the preferred embodiment of the present invention.

AMR sensor 400 comprises passive end regions 410 and 420

separated from each other by a central active region 430. A
magnetic shield layer 460 and a gap layer 458 are generally
formed on a suitable substrate 462. Shield layer 460 provides
magnetic insﬁlation for the MR sensor 400 and is typically made
'6f NiFe or sendust (TM). Gap layer 458 provides electrical
insulation for the MR sensor 400 and is-generally made of Algh'
or Si0,. After forming the gap layer 458, an antiferromagnetic
layer (AFM) 456, a soft adjacent layer (SAL) 454 and an insulator
layer 452 are also formed in that order on the gap layer 458.

The AFM layer 456 which is preferably made of NiMn, although it
may also be made of FeMn 6r NiQ, is used to fix the magnetization

of the SAL 454 in a fixed direction. The SAL 454 is preferably



and out over disk surface 322 so that heads 321 may access different

s portions of the disk where desired data is recorded. Each slider 313 is
attached to an actuator arm 319 by neans of a - :

8 suspensi on 315. The suspension 315 provides a slight spring force
whi ch bi ases slider 313 against the disk surface 322. Each actuator arm
319 is attached to an actuator nmeans 3210 The actuator neans as shown in
Fig. 3 may be a voice coil motor (VCM. The VCM conprises a coil novable
within a fixed magnetic field, the direction and speed of the coi
novenents being controlled by the notor current signals supplied by
controller 329. During operation of the disk storage systen1 t he

rotation of dISE é [l 8S 1@Nnal, " r I|d 313 dISk
surface 32924Ri 8 ilé?t% an L?S‘war%dm?%raijgg ﬁ%]qrﬁ%e tﬁté' Sl ?%
bearing tNYgcROHE! REFOM ANCKS tmeF§éfeb£e&mmﬁw11eroeftnétﬁﬂ%amon 315
and supports slider 313 off and slightly above the
invention, the SAL 454 magnetization is also fixed to be
perpendicular to the air bearing surface (ABS) 466 (ABS refers to
the surface of the magnetic head, including the MR sensor,
adjacent the magnetic disk surface). The MR sensor 400 further
comprises an MR layer 436 which is formed in the central region
430 and disposed over the insulator 452. The MR sensor 400 may
further comprise a seed layer 446 made of tantalum which is

disposed between the MR layer 436 and the insulator layer 452.

MR layer 436 with its magnetization free to rotate under the

presence of an external field is generally made of soft
ferromagnetic material, such as NiFe or NiFe/Co and is preferably
made of NiFe. Magnetization of the MR layer 436 is generally set
to be parallel to the air bearing surface 466 in the absence of
an external field. - _

Hard bias layers 442 and 444 which are formed in the end
regions 410 and 420, respectively, longitudinally bias the MR
layer 436 to ensure a single magnetic domain state for the MR
layer 436. Hard bias layers 442 and 444 are preferably made of
CoPtCr although they may also be made of CoPtCxTa or CoPtCrsio,.
Hard bias layers 442 and 444 further form contigquous junctions

with the MR layer 436.



disk surface by a small, substantially constant spacing during normnal

, operation. - The various conponents of the disk storage system are
controlled in operation by control signals generated by control unit 329,
such as access control signals and internal clock signals. Typically,
control unit 329 conprises logic contr g circuits, storage neans and a
m croprocessor. The control unit 329 3 nerates control signals to control
vari ous system operations such as drive notor control signals on |line 323
‘and head position and seek control signals on |ine 328. The control
signals on line 328 provide the desired current profiles to
9 optimal |y nove and position slider 313 to the desired data track on

ok 312, Feac ot YRk 5! SRRl A YR S e el Vb 8BR AR
at ;/:p'gf"a'?, RIS Gsdeibctbobaify Mo #dohEnd (MO 436! bhusthati on
hard bias layers 442 and 444. The electrica{ insulation ensures
that the current (sense current) flowing in the MR layer 436 is

not shunted in anyway by the.SAL 454. The electrical insulation
between the SAL 454 and ﬁhe MR layer 436 and the hard bias layers
442 and 444 is achieved by a 1ayer of the insﬁlating material 452
which is'disposed.between the SAL 454 and the MR 'layer 436 and

the hard bias layers 442 and 444. ‘The insulator layer 452 is

formed in the central region 430 and the end regions 410 and 420.

Eliminating the SAL current shunting effect increases the MR

effect of the sensor 400 by about 20 to 40%.

Wﬁile the present invention has been particularly shown and
described with reference to the preferred embodiment thereof,
nevertheless, it will be understood by those skilled in the art
that various modifications may be made therein without departing

‘from the spirit, scope, and teaching of the present invention.

Accordingly, it is to be understood that the invention

disclosed herein is not to be limited by the illustrated

embodiment, but only by the scope of the appended claims.



reﬁresentation purposes only. It should be apparent that disk storage
»systeis may contain a | arge nunber of disks and actuators, and each

actuat or may support a nunber of sliders. Referring now to Figs. 4A

and 4B, there—are—showm an air bearing surface and a perspective view, not

to scale, of ' of the preferred enbodi nent of the present
i nvention. A}ﬂ.!m“imaﬁ!}““m“ ses pasdPve end regions 410 and 420
separated fro h ot her 9y *a central active region 430. A magnetic
shield | ayer 460 and a gap | ayer 458 are generally formed on a suitable
substrate 462. Shield | ayer 460 provides magnetic insulation for the MR
sensor 400 and is typically nade of N Fe or sendust (TM. Gap | ayer 458
provides electrical insulation for thesMRysensor 400 and is generally made
of A1203 ~or Si(err]. After form ng the gap | ayer 458, an :
antiferrong@gneihé¢m:! ayer (AFM 456, a soft adjacent |ayer (SAL) 454 and an
i nsul ator layer 452 are also formed in that order on the gap |ayer 458.
The AFM | ayer 456 which is preferably made of N M, although it nay also
be made of FeMh or NNO is used to fix the nmagnetization of the SAL 454 in
a fixed directi dm. TAcnagpetopesistiver 8epgey, (MR) having end regions

separated from each other by a central region, said MR sensor

comprising:
a magnetoresistive (MR) element formed in said central
region;
a hard bias layer formed in each of said end regions, each
of said hard bias layers forming a contiguous junction with said
: MR element;
;ggg i an electrical insulator formed in said central region and
said end regions; |
a soft adjacent layer (SAL) separated from said MR element
and said hard bias layers by said.electrical insulator; and
an antiferromagnetic (AFM) layer for pinning the
"magnetization of said SAL, said SAL being disposed over said AFM

layer.

2. An MR sensor as recited in claim 1 wherein said SAL is

selected from a group of material consisting of NiFe and NiFeNb.



10 made of N Fe although it may al so be nade of other alloys of N Fe

. such as N FeNb. In the preferred enbodi nent of the present invention, the

SAL 454 magnetization is also fixed to be perpendicular to the air bearing
surf ace (W to the surface of the magnetic head,

i ncl udi ng e sensor, adjacent the magnetic di sk surface). The MR
sensor 400 HEM“uﬁs an MR | &per 436 which is fornmed in the
central reg‘““““ﬂ“%l sPosed over the insulator 452. The MR sensor 400

may further *comprtse a’seed layer 446 made of tantalum which is disposed

between the MR | ayer 436 and the insulator |ayer 452. MR layer 436 with
its magnetization free to rotate under the presence of an external field

is generally nmade of soft ferromagnetjc terial,.such as N_F Ni Fe/ Co
and is preferabty HudER FeNNOE2S ﬁﬁé{‘?‘}gﬁé (ﬁ%‘agf“ tlhve'ﬁwlf%yééalrl%4 i's
generally 019 PR Elero hhgrobp Meddraeialr £arLidbnd b Rarabsence
of an ex g?ﬁ%ﬁ‘{f}%%. é@é Har d blsgs 'ligayers 442 and 444 Wnidch are fornmed
in the engnarReFre&,Go 410 and 420, respectively, longitudinally bias the M

| ayer 436 to ensure a single magnetic domain state for the MR |ayer 436.

Hard bias |layers 442 and 444 are preferably nade of CoPtCr although they

may al so be nmade of CoPtCrTa or CoPtCrSi(Jerr]. .
Y 4. An MR sensor as reciteéiin Jlaim 1 further comprising a

seed layer disposed between said MR layer and said insulator

layer in the central -region, said seed layer comprises tantalum.

5. An MR sensor as recited in claim 2 wherein said AFM
layer is selected from a group of material consisting of FeMn,

NiMn and NioO.

6. An MR sensor as recited in claim 1 wherein said hard
bias layers are selected from a group of material consisting of

CoPtCr, CoPtCrTa, and CoPtCrSio,.



Heard bias | ayers 442 and 444 further form contiguous junctions wth the MR
| ayer 436. Note that in the MR sensor 400 of the
present inventien—the—SAE454—1s electrically insulated fromthe MR | ayer

436 and the h i 442 and 444. The electrical insulation
ensures that ih ﬁ “ﬁlﬁﬂ current) flowwng in tthe MR | ayer 436 is
not shunted in L OVn 454, The electrical insulation between

the SAL 454 and the MR | ayer 436 and tHt nhard bias | ayers 442 and 444 is

‘achi eved by a layer of the insulating material 452 which is disposed

bet ween the SAL 454 and the MR | ayer 436 and the hard bias |ayers 442 and
444. The insulator layer 452 is fornmed in the central region 430 and the

end regions 410 and 420. Elimpating the SAL current shunting effect
i ncreases the MR efff E@B“SFthﬁt%’éar%%rsyfgﬁmbycmsr}iﬁ't 0 40% Wi | e

e ProsCnt 1N o185 gRBEa A il 3y oMLY davilocr Dod v
an MR sensor for reading information from said magnetic
storage medium, said MR sensor having end regions separated from

each other by a central region, said MR sensor comprising:
| a magnetoresistive (MR) element formed in said central
region; '

a hard bias layer formed in each of said end regions,
each of said hard bias layers forming a contiguous junction
with said MR element;

an electrical insulator;

a soft adjacent layer (SAL) separated from said MR

element and said hard bias layers by said electrical
insulator; and
an antiferromagnetic (AFM) layer for pinning the
magnetization of said SAL, said SAL being disposed over said
AFM layer; and
a recording channel coupled to said MR sensor for detecting
resistance changes in said MR sensing element responsive to

appliea magnetic fields representative of data recorded in said

magnetic storage medium.



nevertheless, it will be understood by those skilled in the art that

various nodifications may be nade therein w thout departing fromthe

spirit, scope,_and teaching—ef—the present invention. Accordingly, it
0 be understood that tniﬂmi\;e ntion disclosed hereinis not to be

Li?eﬁggdbé ;PﬁJ‘““H I“i“ﬂc“ di ment, but only by the scope of the

CLAIMS W
Claim COA nagnetore3|st|ve sensor (MR haV|ng end regions
'separ at ed from each other by a central region, said MR sensor conprising:
a magnetoresistive (MR) elenent fornmed in sai d central region; a

‘hard bias layer fornmed in each of said end regions, each of said hard bias

layers formng 86} Coﬂt }n%r%‘éié ué%%r.ia% %ts@erﬁaég ré\@teécp%nEiaim 7 wherein

said SAL is selected from a group of material conéisting of NiFe

and NiFeNb.

9. A magnetic storage system as recited in claim 7 wherein
- said MR element is selected from a group of material'consisting

of NiFe and NiFe/Co..

10. A magnetic storagé system as recited in claim 7 further
comprising a seed layer disposed between said MR layer and said
insulator layer in the central region, said seed layer comprises

tantalum. i

11. A magnetic storage system as recited in claim 8 wherein
said AFM layer is selected from a group of material consisting of

FeMn, NiMn and NioO.

12. A magnetic storage system as recited in claim 7 wherein
said hard bias layers are selected from a group of material

consisting of CoPtCr, CoPtCrTa, and CoPtCrSio,.



v}

an*electrical insulator forned in said central region and said end

regi ons; a soft adjacent |ayer (SAL) separated fromsaid MR el enent
and said hard bias |layers by said electrical insulator; and an
antiferromagnetic (AFM layer for pinning the nagnetization of said SAL,
sai d SAL being di sposed over said AFM | ayer. - 2. An MR sensor as
recited in claim1 wherein said SAL is.qgelected froma group of naterial
consi sting of Ni Fe and Ni FeNb. _ 3. An MR sensor as
recited i n MAGNETQRESITANGESBRSOB! WiEH (ENBANSIEI2 MAGNEFQORESISTINEof
material consisting of NiFe and N Fe/Co. 4. An MR sensor as

recited in claim1 further conprisi ngEEFEEded | ayer di sposed between said

MR | ayer %%TﬂgTi nsul at or

A magnetoresistive (MR) sensor (400) having end regions separéted from each
other by a central region. Hard bias layers (442, 444) disposed in the end regions
longitudinally bias an MR layer which is formed in the central region. A soft adjacent
layer (SAL) (454) is utilized to transversely bias the MR layer. The MR layer and the
hard bias layers (442, 444) are electrically insulated from the SAL (454) by an insulator.
The SAL magnetization is fixed through exchange coupling with an antiferromagnetic
layer. Separating the MR layer and the hard bias layers from the SAL (454) by an
insulator prevents the sense current from flowing in the SAL (454) thus improving the
MR effect.

Fig. 4B



| ayef- in-the central region, said seed |ayer conprises tantalum 5.
An sensor .as recited in claim2 wherein said.AFM layer is selected from
a group of material consisting of Feivn, N M and N O 6. An MR
sensor as recited in claim1l wherein said hard bias |ayers are sel ected

froma group of material consisting of CoPtCr, CoPtCrTa, and

CoPtCrSi Q2. [err] 7. A magnetic storage system
conpri si ng: a magnetic storage nmedium for recordi ng data,; an MR
sensor for reading information from said,gagnetic storage medium said MR
sensor -having end regi ons separated fron{ each other- by a central region,
said MR sensor conpri sing: a magnetoresi stive (MR) el enent
formed in said central regi on;
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a hard bias layer formed in each of said end regions, ‘each of said

'gjaro*-bi as .layers formng a contiguous junction wth said MR el enent;
an electrical insulator; a soft adjacent |ayer (SAL) separated
fromsaid MR el ement and said hard bias |ayers by said electrical

i nsul ator; and an antiferromagnetic (AFM |ayer for pinning the
magneti zation of said SAL, said SAL bei ng di sposed over said AFM

| ayer; and a recordi ng channel coupled to said MR sensor for

detecting resistance changes in said MR sensing el enent responsive to
applied magnetic fields representati vezlcg data recorded in said nagnetic
st orage nedi um 8. A magnetic storage system as
recited in claim7 wherein said SAL is selected froma group of materi al
consi sting of N Fe

® RiR O
A

I - ISI-

)

Is

— Iy

AN~

RsaL

FIG. 2

39 9B

3
DATA é- 3
- RECORDING -
'

CHANNEL

CONTROL
UNIT

-\u
]\ m
(X}
—
.
“
N

327
/ 33

POSITION CONTROL VM

28— )

3197 315 318
MOTOR CONTROL DRIVE

. MOTOR
N 323
300 / FIG. 3




and N FeNb. 9.
wherein 'said MR el enent

of N Fe and Ni Fe/ Co.

FeMh, Nivnh and N O

A magnetic storage systemas recited in claim?7

Is selected froma group of material consisting

10. A magnhetic storage systemas recited in
claim7 further conprising a seed |layer disposed between said MR | ayer and
said insulator layer in the central region, said seed | ayer conprises
tant al um 11. A magnetic storage systemas recited in claim38
wherein said AFM |l ayer is selected froma group of material consisting of
_ 12. A magnhetic storage systemas recited in
claim?7 wherein said hard bias |ayers 33 selected froma group of 400

material consisting of CoPtCr,4160PtCrTa, agg CoPtCrSi @@rr]. ,/"
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