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readlng information signals from a magnetic medium and, in particular, to

an improved magnetoresistive read transducer.

"

Description of the Prior Art

Magnetoresistivé (MR) sensors or heads have been shown to be
10 capable of reading data from & magnetic surface at great linear
" densities. An MR sensor detects magnetic field signals through the
resistance changes of a read element made from a magnetoresistive
material as a function of the amount and direction of magnetic flux being
sensed by the element. For an MR element to operate optimally, two bias
15 fields should Be provided. 1In order to bias the material so that its
response to a flux field is linear, a transverse bias field is generally
provided. This bias field is normal to the plane of the magnetic media
and parallel to the surface of the planar MR element. The other bias
field which is usually employed with MR elements is referred to in the
20 art as the longitudinal bias field which extends parallel to the sirface
of the magnetic media and parallel to the lengthwise direction of the MR
element (the lengthwise direction meaning the direction perpendicular to
the direction of movement of the magnetic media relative to the head).
The function of the longitudinal bias field is to suppress Barkhausen

25 noise which originates from multi-domain activities in the MR element.

Magnetostriction has been used to stabilize the read back signal of
thin film inductive heads. US-A-4,242,710 teaches that the composition
of the pole tip and yoke material are tailored and cotitrolled to have a
proper magnetostriction coefficient, and that negative macgnetostriction-,

30 is best for pole pieces for thin film inductive heads.

US-A-4,626,947 teaches that the characteristics of such z thin f-;m
magnetic head depend on the magnitude of the magnetostriction rather than
the sign and for this reason the magnetostriction coefficient should be

limited to no more than 6 x 10-7. US-A-4,750,072 discloses z ‘thin film

27
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to have a prop magnetostriction coefficient,, and that negative
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of a materi al element, and states that the MR element should have zero magnetostriction

so that variations in combosition of the MR element prevent magnetic
characterisfics from changing. Since it is difficult to produce a zero
magnetostriction in a single layer due to manufacturing tolerances, a

10 structure is utilized which has multiple layers with the layers
alternating with a positive magnetostriction of a particular magnitude
and a negative magnetostriction of the same magnitude. The manufacturing
tolerance for the multiple layers tend to cancel so that a composite film

having a magnetostriction very close to zero results.

15 ' Common practice in the art has been to have a soft magnetic bias
layer With a magnetostriction close to zero. However, the prior art does
not discuss the effects of the use of high magnetostriction materials on
the bias profile of MR sensors.

-~

SUMMARY OF THE INVENTION

. 20 In accordance with the present invention, a magnetcresistive (MR)
read transducer having passive end regions separated by a central active
region for sensing magnetically recorded data comprises an MR layer made
from a material having a relatively low magnetic anisotropy corresponding
to a high permeability, the MR layer having a sensing edge extending over

25 the central active region. A soft magnetic bias layer is adjacent but
spaced from the MR layer in the central region, and the soft magnetic-
bias layer is made from a material having a magnetic anisotropy in a
direction transverse to the sensing edge which is high relative to the
material of the magnetoresistive layer. Preferably, a longitudinal

30 magnetic bias is produced directly in and substantially only in each of

‘the end regions, and the means for producing the longitudinal magnetic
bias comprises a layer made from a material having a magnetic anisotropy
along the longitudinal direction which is high relative to the material

of the magnetoresistive layer.

35 Thus, the present invention provides a magnetoresistive (MR) read

transducer in which the uniaxial madnetic anisotropies, Ek, are
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ut spaced rom the MR layer substantlally only in the central region
and, assuming a tensile stress, the soft magnetic bias layer is made from
a material having a high positive magneﬁostriction coefficient. A
longitudinal bias is produced directly substantially only in each of the
end regions, and the means for producing the longitudinal bias comprise a

15 layer made from a material having a high negative magnetbstriction '

coefficient.

In another embodiment of the present invention, the soft magnetic
bias layer is made from a material having a high magnetic anisotropy in a
direction substantially normal to the sensing edge of the MR sensor.

20
For a fuller understanding of the nature and advantages of the
present invention, reference should be made to the following detailed
description taken in conjunction with the accompanying drawings, in
which:
25 Fig. 1 is a schematic diagram showing the sensor configuration of a

prior art magnetoresistive read transducer;

Fig. 2 is a schematic diagram showing the sensor configuration of &

magnetoresistive read transducer according to the present invention;

Fig. 3 is an end view of a specific embodiment of a

30 magnetoresistive read transducer according to the present invention;

Fig. 4 is an end view of an alternate embodiment of a

magnetoresistive read transducer according to the. present invention;

Fig. 5 is an end view of a further embodiment of a magnetaresistive

read transdicer according to the present invention;
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Prior to describing the present invention in detail, a prior art MR
sensor will be described briefly in conjunction with Fig. 1. The
magnetic read head 10 utilizes an MR layer 11, and the MR layer 11 can be
divided into a central active region 12, where actual sensing of data is
accomplished, and end regions 14. The design recognizes that the regions
should be biased in different manners with longitudinal bias directly in
the end regions 14 only and transverse bias in the central active region
12 only. The transverse bias is produced by soft magnetic film layer 15
which is separated from the MR layer 11 by a distance sufficient to
prevent, within the active central region, a magnetic exchange bias
between the MR layer 11 and the soft magnetic bias layer 15. The
magnetization in the soft magnetic bias layer, as shown by arrow 16, is
substantially normal to the air'bearing surface (ABS) which is defined by
the sensing edge 17, and this magnetization produces magnetization at a
chosen anéle in the central region of the MR layer as shown by arrow 18.
The longitudinal bias produces a magnetization in the end regions 14 of
the MR layer as shown by arrows 19, and this magnetization is sufficient

to maintain the end regions in a single domain state.

The operation of this sensor is based on the premise that, with the
end regions 14 in & single domain state, the central region 12 is forced
into a single domain state so long as the longitudinally unbiased central
region is not too long in comparison to the height of the sensor. This
sensor design has been demonstrated to provide much more stable operating
characteristics, greater sensor sensitivity, and better suppression of
Barkhausen noise than prior art designs having continuous exchange bias .

over the active and passive sensor segments.

According to one embodiment of the present invention,
magnetostrictive materials of different sign and magnitude are utilized
for the various portions of the magnetoresistive (MR) sensor so ‘that the
preferred magnetic bias configuration can be enhanced thereby improving
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Alternatively, the bias profile in the above-described MR sensor
can also be improved by making the soft film magnetic layer of a material
having a high intrinsic magnetic anisotropy in a direction substantially

normal to the sensing edge of the MR sensor.

15 A conceptual diagram for an MR sensor, according to the present
invention, is shown in Fig. 2 in which the MR sensor 20 comprises an MR
layer 22 and a soft magnetic bias layer 24, each of which extends over
the central region 25 only. Longitudinal bias layers 26 extend over the
end regiohs 28 only. In this design, the soft magnetic bias layer 24 is

20 made of a material having a high positive magnetostriction, such as a
magnetostriction coefficient of 5 x 1078 or greater, for example, and the
MR layer 22 is made of a material having a low magnetostriction, such as
a magnetostriction coefficient magnitude of 1 x 106 or less. The
longitudinal bias layers 26 are made of a material having a high negative

.25 magnetostriction.

The combination of a high positive magnetostriction soft magnetic
bias layer 24 and tensile stress produces a stress induced anisotropy in
the soft magnetic bias layer 24 that is perpendicular to the ABS and the
sense current. In general, tensile stress is produced as a result of the

30 air bearing formation of the multilayer structure which includes the
substrate, substrate undercoat, the magnetic layers 22, 24, 26 and an
overcoat. With proper initialization to orient the soft magnetic bias
layer 24 magnetization to the correct polarity, the stress induced
anisotropy aids in the saturation of the soft magnetic bias layer

35 magnetization, therefore resulting in a more uniform bias profile for the
sensor and a higher read back signal level. This choice of magnetization
for the soft magnetic bias layer 24 also enhances the stability of the
soft magnetic bias layer from external magnetic field disturbances.
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*_ﬁisdtropy parallel to the sensor. This induced anisotropy assists the

'10 “&%change field and the shape anisotropy in retaining the MR magnetization
“ih the desired lbngitudinally initialized state. In addition, the stress
- fhduced anisotropy results in an increase of domain wall energy which
‘iakes domain wall generation energetically ﬁnfavorable. For sufficiently
fn%rrdw_MR layers, the combination of shape anisotropy and stress induced

15 *ﬁhisdtropy may be sufficient to keep the sensor in the initialized state

without exchange bias.

A sbecific-embodiment of an MR sensor, according to the present

invention, is shown in Fig. 3. The MR sensor 30 comprises an MR layer
'il, a nonmagnetic spacer layer 32, and a soft magnetic bias layer 33,

20 each of which extends over the central region 34 only, defining the
central region. - The MR sensor 30 also comprises means for producing a
iongitudinal bias and a conductive lead structure 37, each of which
extends over the end region 38 only. The means for producing a ’
longitudinal bias comprises a ferromagnetic layer 35 and a layer of

.25 antiferromagnetic material 36 in contact with ferromagnetic layer 35 to
produce exchange bias of a level sufficient to maintain the end regions

38 in a single domain state.

In this embodiment the high positive magnetostriction for-the soft
iﬁégnetic bias layer 33 can be produced by the use of a NiFe layer which
30 ‘Has a high Fe content. However, the preferred material for the soft
magnetic bias layer 33 is a ternary alloy such as NiFeX in which X can be
:Rh, Ti, Cr, Ir or Nb, The third element is added for quenching the MR
'éffect, diluting the saturation moment of the soft magnetic bias layer
"and for increasing its sheet resistance. The dilution of the saturzation
35 moment improves the thickness process tolerance, while the increase in
sheet resistance reduces the signal shunting and results in higher signal

amplitude. For a specific example in which the soft f£ilm material is
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anisotropy as high as possible, and the anisotropy should be greater than
10 Oe. (approximately 800 Am) to produce the desired bias profile.

To produce -highly negative magnetostriction films such as for
longitudinal .bias layer 35, a high Ni content permalloy film can be used.
io For example, a film of NigyFejy has a magnetostriction coefficient of
about -15 x 1076,

Although a square butted junction between the layers in the central
re@ion 34 and the layers in the end regions 38 is shown conceptually in '
Fig. 3, the preferred embodiment comprises a junction in which the

15 topography is well controllable so that the juhction can be produced
easily and reliably. One suitable technique is by the production of a
contiguous junction as described in US-A-5,018,037. In this technique
the MR layer, the nonmagnetic spacer layer, and the soft magﬁetic bias
layer are deposited over the length of the sensor and a photoresist

20 stencil is produced which defines the central region of the sensor. The
end regions of the three layers are then removed by a subtractive
process, and the same photoresist stencil is then used to deposit the
léyers in the end regions with a carefully defined junction with the

layers of the central region at their edges.

25 An alternate embodiment of the MR sensor, according to the present
invention, is shown in Fig. 4. The MR sensor 40 comprises an MR layer
41, a nonmagnetic spacer layer 42, and a soft magnetic bias layer 43,
each of which extends over the central region 44 only and which together
define the central region. The MR sensor 40 also comprises means for

30 producing a longitudinal bias 45, and a conductive lead structure 47,
edch of which extends over the end regions 48 only. In this embodiment,
the means for producing a longitudinal bias 45 comprises a hard magnetic
bias material such as CoPtCr, CoNiCr, cocr or other high cocercivity

material.

35 A further embodiment of the MR sensor is shown in Fig. 5 in which
the MR layer 51, the nonmagnetic spacer layer 52, and the soft magnmetic
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single domain state. The operation of this sensor is based on the prem se
that, with the In the embodiment of the invention shown in Fig. 6, the MR sensor

10 60 comprises an MR layer 63, a nonmagnetic spacer layer 62, and a soft
magnetic bias layer 61, each of which extends over both the central
active region 64 and end regions 65. The MR sensor 60 also comprises
means for préducing a longitudinal bias 66 and a conductive lead
structure 67, each.of which extends over the end regions only. In this

15 ghbodiment, the soft magnetic bias layer 61 may comprise either a
material having a high positive magnetostriction coefficient or a
material having a high inﬁrinsic anisotropy in a direction substantially

normal to the sensing edge 68.

In the embédiment of the invention shown in Fig. 7, the MR sensor
20 70 comprises an MR layer 73, a nonmagnetic spacer layer 72, and a soft
‘magnetic bias layer 71, each of which extends over both the central
active region 74 and end regions 75. The MR sensor 70 also comprises
means for producing a longitudinal bias and a conductive lead structure
77, each of which extends over the end regions 75 only. The MR layer 73
. 25 has low magnetostriction in the central active reéion 74, however, the MR
layer in the end regions has a high negative magnetostriction and the end
regions are oriented to provide a longitudinal bias of a magnitude
sufficient to maintain the end regions in a single domain state. The
high negative magnetostriction in the end regions can be produced'by
30 subjecting the MR layer 73 in the end regions 75 only to a thermal
oxidation treatment. Alternatively, the end regions can be produced with
a different material such as Ni rich NiFe, for example. In this
embodiment, the soft magnetic bias layer 71 may comprise either a
material having a high positive magnetostriction coefficient or a
35 material having a high intrinsic anisotropy in a direction substantially

normal to the sensing edge 78.

It has been shown that the independent selection of.the

magnetostriction coefficient in the various parts of the MR sensor



25 end regions 14 in a single domain state, the central region 12 is
forced into a single donain state so long as the | ongitudinally unbiased
central region is not too long in conparison to the height of the sensor.
Thi s sensor design has been-denonstrated to provide nmuch nore stable
operating characteristics, greater sensor sensitivity, and better

suppr essi on ofg,3Q), _Bar khausen noi se than pyior art designs having-

conti nuous exchange bias over the active and passive sensor segnents.
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whi ch is under a tenSich€ catd£SHt pergResible WoakcHiovd Rewakiblaady k&gosur f ace, a
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of high positive magnetostriction 1S usea. or the 5 soft tiI'mbias layer in
the active redfBiPtt B5enfifod &ifhdr v BRESLHT SRFY B°EIYI FYS4e™ ¢ olefiftfce t he
transver se sofcasé, khe stabivbiseybiaknisageidut@hby & soft magnetic bias layer made

from a material having either high positive magnetostriction or high
intrinsic anisotrepy in.a direction substantially normal to the sensing

10 edge which produces an improved bias profile for the MR sensor.

While the invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by
those skilled in the art that various other changes in the form and
-details may be made therein wifhout departing from the spirit and scope

15 of the invention.




hi gh negative magnetostriction material is used in the Wlp?ﬁirv FII' [ons.

to enhance the longitudinal bias stability. The air bearin Srsi % iy
the miltilayer structure includes the substrate, subst raté quer BBBEACEL
magnetic |ayers and an overcoat. Alternatively, the bias- profile. in the
above-descri bed MR sensor car al.so be inproved by mnaki ng the soft film

magnetic layer of a material having a high intrinsic mag ’iﬁﬁiﬂnﬁ aon R od :

a direction suhgtantjplly normal to the sepsing edge of t

A conceptual dlagran1for an MR sensor, according to the p

I's 'shown in Fig. 2 in which the MR sensomLﬁﬂwconprlses an | ayer a
soft magnetic bias |ayer 24, each of which extends over the central reglon

25 only. Longltudlnal bi as | ayers 26 extend gr the end regions 28 only.
In this design?} 't he?dBEPTRRGHEETE Ttds™ Fer2 V89 FF A0 TPt 475 al
having a hi gh pé¥isepytadiynet esrtt:ral:tactme @a@fm 425 ,a3pagrmer bsingi cki on

coefficient of mégﬁ@twe[sejt:]veofaygf qod e81) haringXABRlseng @Bk ehenlRd ayera2 is
made of a I"Bf{erleé‘it %‘afd Bh8a1 9%1@9%%0%5"5&'](_105' %‘ng\ &lm%téf@%la% lager (24, 33)

nmagnet ost r i on coeft1¢ient nmagnitude of
| ongi t udi nal bllﬁss"’lléy‘i?r“?a%acatﬁ%e regfer ofrdipcrnt rF sP29Av 198 3Ai gh negati ve
25 magnet ost r imatmeanresiheive onpbnatiaracel i dhighhqrosiid vanavgaeisasie iegd-on
soft magnetic (22, 31) is hadebfrom & material having a relatively low magnetit
anisotropy, whereas said soft magnetic bias layer is made from a material
10 having a magnetic anisotropy in a direction transverse te said sensing

edge which is high relative to the material of said magnetoresistive

layer.

2. A magnetoresistive read transducer according to claim 1 wherein

said magnetoresistive layer extends over said central region only.

15 3. A magnetoresistive read transducer according to claim 1 or claim 2
wherein said soft magnetic bias layer (24, 33) comprises a ternary zlloy
NiFeX where X is taken from the group consisting of Rh, Ti, Cr, Ir and
Nb. '

4, A magnetore51st1ve read transducer according to claim 1 or clzim 2

=331t

20 wherein said soft magnetic bias layer (24, 33) comprises & cobalt

T

material.

5. A magnetoresistive read transducer according to any one of the
preceding claims further comprising means for producing a longitudirz
magnetic bias directly in and substantially only in each of saicé end

25 regions (28, 38), said means for producing a lengitudinal bias comprising
2z layer (28) made from a matsrizl having a magnetic anisctropy along thz
longitudinal direction of the sensing edge which is hich relativs 2 thsz

material of the magnetoresistive layer.
6. A magnetoresistive read transducer according to claim 5 wherein ii=
30 material of said magnetoresisiive layer (22, 31) has a relatively izw

magnetostriction coefficient;

the material of said soft magneéic bias layer (24, 33) haz 1

positive magnetostriction coefficient which is high reiative te the

(T

material of the magnetoresistive layer; and




bias | ayer 24 and tensil e stress produces a stress i nducedrawrsotrepyF—F :
the soft hagnetic bias | ayer 24 that is perpendi cular to t é’Hﬁ&SH&EEIHP\B@EEN
sense'current. In general, tensile stress is produced as r esulRERMAGERe 30
afr bearing formation of the mul tilayer structure which incFudes the
substrate, substrate undercoat, the magnetic |ayers 22, 24, 26 and an
overcoat. Wth ggopep,4 nitiali zation to orient the soft magnet ic bias |ayer
24 magneti zation to the correct polarity, the stress induced ani sotropy
aids in the satur at ithe mefertihle o§ ohid daypme({d6q Hirasrodagies B3ontuvdnilzhtdson,
therefore resulﬁalsrlgngghtavmsﬁemyciwtmrbEaéffp&mt lv@idtOks thign $ENIOFe 3R

hi gher read back.si. evel . This. hor e.0f magnetization for the soft
magneti c bi as Imél;%rrlg% a}thseoma}sgﬁﬁ%fﬁ(e:sélss the fe tabil i ty of the soft magnetic
bias | ayer from external magnetic field d| st ur bances. 6 The

magnet ostricti on valauesgaétdrbeishel Bypartradsdutert he®rdBgi gnay obef anki ve

region nust pe ;J@@pédlhewlgﬁ.lsamey&nt &ibhe gpéstlu@lﬁeoiaythﬁoai) fngi m | ayer 24
magnet ostrictionto avQ %g{ eret i C ra 3\(,e°r s&srses on
2l

magnet ostri cti dK %?mfﬁremg?lﬁ et 38 rereTerors g Sk m\?%“&“

blas layer (24 33) has a magnetostrlctlon coeff1c1ent of 5 x 10°

greater

8. A magnetoresistive read transducer according to any one of claims 5
10 to 7 wherein said layer (26) comprising means for producing a

longitudinal bias has a magnetostrlctlon coefficient of -15 x 106

greater,

9. A magnetoresistive read transducer according to any one of claims 5
to B wherein said means for producing a 1ongitudinal'bias comprises an

15 antiferromagnetic material (36) in contact with a ferromagnetic material
(35) to produce an exchange bias field of a level sufficient to maintain

said end regions of said transducer in a single domain state.

10. A magnetoresistive read transducer according to any one of claims 5
to 8 wherein said means for. produc1ng a longitudinal bias comprises a

20 hard magnetic layer.

11. A magnetoresistive read transducer according to any one of claims 5
to 8 wherein said means for producing a longitudinal bias comprises a
layer of ferromagnetic material.
12. A magnetoresistive read transducer according to claim 11 wherein

25 said layer of ferromagnetic material is.subjected to & thermal oxidatien

treatment.
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5 permeability which is needed for maintaining a high read back signa
| evel”. 1n the passive end regions 28, the conbination of negative . sl
nagneTostrlctlon and tensile stress produces an induced nmagnetic anlsotropy
parallel to the sensor. This induced anisotropy assists the 10 exchange
field and the shape anisotropy in retaining the MR magnetization in the
desired longitudinally initialized state. In addition, the stress:induced
ani sotropy results in an increase of domain wall energy.which nmakes domain
wal | generation energetically unfavorable. For sufficiently naarrow MR

| ayers, the comnbination of shape anisotropy &and stress induced 15

isotropy may be sufficient to keep the sensor in the initialized state

wi t hout exchange bias. A speciffrt~enbodi nent of an MR sensor, according to
the present invention, is shd [ . The MR sensor 30 conprises an MR
| ayer 31, a nonnagnetic p a_soft magnetic bias layer 33,
20 each of which g T~34_only, defining the
central region. The MR senSor 3U~a produci ng a

| ongi t udi nal bias and G ‘ xCh of which extends
over the end region ontAf._ | ongi tudi nal bi as
conprises a ferronagnetlc Ia,-

FI [= Dj | : My
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.25 antiferromagnetic material 36 in contact wwth ferronmagnetic |ayer 35 to
prodiice exchange bias- of a level sufficient to maintain the end regi ons 38
in a single domain state. In this enbodi nent the high positive
magnetostriction for the soft magnetic bias |ayer 33 can be produced by the
use of a NiFe | ayer which 30 has a high Fe content. However, the
preferred material for the soft nagnetic bias layer 33 is a ternary alloy
such as NiFeX in which X can be Rh, Ti, , Ir or Nb. The third elenent is
added for quenching the MR effect, dl|utlﬂp the saturation nonent of the
soft magnetic bias layer and for increasihg its sheet resistance. The
dilution of the saturation 35 nonent inproves the thickness process

tol erance, while the increase in sheet resistance reduces the signal
shunting and results in higher signal anplitude. For a specific exanple in
which the soft filmmterial is Nl[err]Fe[err])[err] t he
magnetostriction coefficient is +f3

%err] and thefgpeet resi stance i.s
38 ohns per square. Abhernatdfiely, th mad®éti c bi 73 | ay@P 33 can be
made of a materi al hav?ng a\hi gh ins/a dinection
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5 normal to the ABS of the MR sensor 30. It is desirable to have the.
anisotropy as hi gh as possible, and_t he_ani.sot repy—=shoul d be greater than
10 Ce. (approximately 800 Am to pﬁodugﬁnihﬁ-d@§%zmﬂ\blas profile. To
produce highly negative nagnetostrdctlon fri aBesuch QG fe@f={ ACEMENT 3

| ongi t udi nal . bias | ayer 35, a h|gh| _;ﬁﬂﬂi@ﬂtzﬁé*%ﬁ?+oy fil megan eﬁ@_@d
10 For exanple, a filmof N [err] Fe[err] has a nagnétgsirlétlon ..... N
coefficient of about -15 x 10-6. Al though Zzsquare buttﬁdr1nﬂct10n “bet'weén
the layers in the central region 34 and the”"layers in the end regions 38 is
shown conceptual |y |n Flg 3, the preferred enbodi nent conprises a junction
in which the 15 to is well controllable so that the junction can
be produced l\é/égiiNEyT ﬁ]I%EbR@ADciﬁ%AbfsmlhmAéHm BJBRDY BRIy BIA8 PROFILE
production of a contiguous junction as described in US-A-5,018,037. In this
techni que the MR | ayer, the nonmagnetic spacer |ayer, and the soft nagnetic
bias | ayer aypxmgepoyited over the length of the sensor and a photoresist 20

stencil is produced which defines the central region of the sensor. The
end regions of the three layers are then renoved by a subtractive process,
and the sane photgre5|st stengi | then used to deposit the layers in the

end regions with a CIPETIFTYdet |(H§H "R EFIORRT LRV PREER £ngf raghens
central regi é78:aB8} If8P3radeddy. d central active region (25, 34) comprises an MR
layer (27, 31) made from a material having a low uniaxial magnetic

anisotropy. :A soft magnekic bias layer (24, 33) is adjacent to but
spaced from the MR layer in the central region (25, 34) only, and the
- soft magnetic bi§§7lqyer'(24; 33) is made from a material having a high
uniaxial magnetic anisotropy. A longltudlnal bias is produced directly
in each of the end regions (28 38) only, and the means for producing the
longitudinal bias'comprises a layer (26) made from a material having a
high uniaxial magnetic anisotropy. Control of the uniaxial anisotropy
can be achieved by choosirig materials of approprlate magnetostriction or
intrinsic uniaxifl anisotropy.

Fig. 2

This Sheet Has Been Replaced
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25" ~ An alternate enmbodi ment of the MR sensor, accor :iWHIQEt‘J@TSHEET
present invention, is shown in Fig. 4. The MR sensor 40 cj.n@ri sg9g HECVILE
|

‘%i"asmt'aver"'d& .

| ayer 41, a nonmagnetic spacer |ayer 42, and a soft nagnet ‘

—
]

each of which extends over the central regipn 44 only and Wwhi ch together
define the ce . i e I .30
producing a | glrrl#&lﬁ%tﬁg |%gﬁﬂl‘3“|’h¥sh %@gﬁigﬁgg%éﬁé?@ \?ég%dgg%ﬁnggt% g?é’fl az'g)‘-,l"ﬁeach
of which ext edgingwaqositive ragactositichensantissomel side pantstofiithe magnstic gerethave e
TR ori ol such SR ghanegickoh RApreh R IR TR AR Boma T rmter i al 35
A further enbodi rrenp%‘f\,“{s%%’w diserssss th%H@greﬁmtréwopirsqu@mwwﬁaewﬁhe MR
: ayer gé the eé&iﬂﬁﬁ%hﬂ'ﬁiﬂes&ﬁﬁ&ﬁf Mlaygfneﬁtgsimamfhaw Q?@Qﬁigneﬁ%@ﬁtibﬁ 50 thlabi as
ayer extend .over .the central.regjion n efining.the centr
Fagi on. The. naaERs b SoARRAEoLE JHE Benien Bevest RiabBe R ST RO OB | cac
structure 56 ekimpimg.oSiace ithiediffichlt grodire 27zeominggnetastridtion ie aisingleniaper, duche
means for pro | apdl L a ' : .8l |
negat i ve magney epiGekiR kbt shdiirel? uiftRa i) hilhuitpR 1) Wlin the
layers alternating with a posifive magnetostriction of a particular magnitude and a
negative magnetostriction of the same magnitude. The manufacturing tolerance for the
multiple layers tend to cancel so that a composite film having a magnetostriction very
close to zero results.
' Common practice in the art has been to have a soft magnetic bias layer with a
magnetostriction close to zero. However, the prior art does not discuss the effects of
the use of high magnetostriction materials on the bias profile of MR sensors.

SUMMARY OF THE INVENTION

. According to one aspect of the invention there is disclosed a magnetoresistive
read transducer having passive end regions separated by a central active region
comprising:

a magnetoresistive layer made from a material having a low uniaxial magnetic
anisotropy corresponding to a high permeability, said magnetoresistive layer having a
sensing edge;

a soft magnetic bias layer in said central active region, adjacent to but spaced
from said magnetoresistive layer, said soft magnetic bias layer made from a material
having a high uniazial magnetic anisotropy along a direction transverse to said sensing
edge; and

means for producing a longitudinal bias directly in each of said end regions
only, said means for producing a longitudinal bias comprising a layer made from a
material having a high uniaxial magnetic anisotropy along a longitudinal direction of
said magnetoresistive layer.

According to another aspect of the invention there is disclosed a
magnetoresistive read transducer having passive end regions separated by a central
active region comprising:

a magnetoresistive layer made from a material having a low magnetostriction
coefficient;



—

magnet ostriction NiFe ternary alloy layer, or a NiFe |la
subjected to a thernal oxidation treatnent to produce ay}
magnetostriction material. In the enbodi nent of the inv
6, the MR sensor 10 60 conprises an MR | ay&r 63, a non

layer 62, and a sof t; SgRGRBIHefic Bia@i’fa)’eﬁi’r%al@éentﬁﬁﬁﬁv@fregi&h Cah RO BEL §pé@éd
both the central aQ ive re 64 and reglons 65 sensor 60, al so

conpri ses mearf®m§H ﬁ%ﬁ@?‘?‘?@ft‘é{e Fﬁﬁblsﬁl‘}cﬁo PFUS ’B%Iaé(ﬁﬁmé cBRTR AT} ead
s';ﬂr)uglture 67, rllﬂamgfaqhgh\/pomﬁvcemggm u@ctﬁhcghlﬁcﬁﬁd figi ons only. In this _15|
enbodi ment, the soft et i as_ | ayer.,. may, CoOnPri S t her ria
having a h| gh posit RS %gd'rpé'ﬁ%%ct'% %hnéﬁ“%géfbﬁsgq“gﬁ&p&eagh%?@&Fﬁ‘?rﬁéﬂ%ng a
hi gh intrinsi onbnisgidimeany fompraduding e tongitudinashizmtompirisingrerolayier mads frére a

sensi ng edge Qe g%’ﬁl\%ﬁjrxg%‘ﬁ%ﬁ{a ghdiBectitiioRARiREON 10 Fi g 7, the MR

sensor 20 70 conpri ses , a nonpagneti ¢ spacer %@ 72 and a
soft magnetic bias Asgardingly tqsfilhangtheraspast %&%ﬁa@nﬁ% X508 ﬁlsp eknt r al

active regi on nffgnatdtestide re tearsduber hdlifg PSsive BADFegichs AbFuRate@ BP i cRfgalneans
for producing a.l ongl t udi nal . bias and a conductive | ead structure 77, each

of which ext edHeVEFEION AR émflgregl ons 75 only. The MR | ayer 73 25 has | ow
magnet ostri cti on i natrhagne@nesistive dayer wade fgimoanmakriahavingea low magiddfostriction

coefficient, said magnetoresistive layer having a sensing edge extending over said
central active region; _
a soft magnetic bias layer in said central active region, adjacent to but spaced

gegbﬁrmém SHEET |
ng%n Us§ %E’ ﬁgﬁ:l g

............................

from said magnetoresistive layer, said soft magnetic bias layer made from a material
having a high magnetic anisotropy in a direction normal to said sensing edge; and

means for producing a longitudinal bias directly in each of said end regions
only of a level sufficient to maintain said end regions in a single domain state.

According to still another aspect of the invention there is disclosed a
magnetoresistive read transducer having passive end regions separated by a central
active region comprising:

a magnetoresistive layer made from a material having a low magnetostriction
coefficient, said magnetoresistive layer having a sensing edge extending over said
central active region and said end regions; and

a soft magnetic bias layer in said central active region, adjacent to but spaced
from said magnetoresistive layer, said soft magnetic bias layer made from a material
having a high magnetic anisotropy in a direction normal to said sensing edge.

In accordance with one embodiment of the present invention, an MR read
transducer having passive end regions separated by a central active region comprises an
MR layer made from a material having a low magnetostriction coefficient. A soft
magnetic bias layer is adjacent to but spaced from the MR layer substantially only in
the central region and, assuming a tensile stress, the soft magnetic bias layer is made
from a material having a high positive magnetostriction coefficient. A longitudinal bias
is produced directly substantially only in each of the end regions, and the means for
producing the longitudinal bias comprise a layer made from a material having a high
negative magnetostriction coefficient.

In another embodiment of the present invention, the soft magnetic bias layer is
made from a material having a high magnetic anisotropy in a direction substantially
normal to the sensing edge of the MR sensor.



layer in the end regions has a high negative magnetostrict IIOHE%lI‘ﬁSP[%Wé\ eRds=T
regions are oriented to provide a |ongitudinal bias of a gni tugﬁ DEC 1%%
sufficient to naintain the end regions in a single domain éa@?é e

negatlve nagnetostrlctlon in the end reg|0@§ can be produced by 30

bj ect the MR I t he 75 I
25. Jd:'fl :)zgt re:t rrent lf'@feﬁ:%ﬂ?‘ii?fé‘iaf} ng ﬁtﬁgrﬂ%gﬁ'%é?q)o Vaﬁ‘&ﬁ%‘l?f "b‘? B[fg%gd with a
different mat mvemioxs ueif&remee Bhould bé nisidé-& the dollewiagdetriled destiiptionetakadinrent |
t he soft rragng(gd 11{’%[% cgo]rncpgﬁ'?ﬁ(’lfn%%i[@? IRIVJ [ a mat erial having a

hi gh p05|t|ve ion crent-dr a ‘material having a high
intrinsic anisot rop?lgi A i agrhematicohagapshayiing 4hg sensurroonfiguratiomer & priet ag
edge 78. It hggg ﬁ&&'&sﬁﬁ%a&'ﬁ%hsdub& i ndependent sel ection of the
magnetostrlctlon cogfficient in t var i ts of the MR.sen

el uding. the MR | abir 238 Rechesmatc fastam BogiE s Shpshr CoRetaen g ¢ udi nal

bi as | ayer | eﬁﬂgndt@remlvmdmdsdutmmg otthdplesdny irvefitié) enhanced bi as
profile. In some Caggs, kb, iRq RRVHL HebRicMeibodiEnt o D i8Rl eSreMRine g

transducer according to the present invention,

Fig. 4 is an end view of an alternate embodiment of a magnetoresistive read
transducer according to the present invention;

Fig. 5 is an end view of a further embodiment of a magnetoresistive read
transducer according to the present invention;



wi't hout” a specific | ongi tudi nal bias source. One such exEﬁ%bFAé%lﬁgﬂTgﬁEE‘r"
sensor used for a wide track nmagnetic tape recordi ng systiem In bé case,
the transverse bias is produced by a soft magnetic bias | bg;re.raage € 0896

mat eri al having either high positive nagnetostriction or SO | LY o S

ani sotropy in a direction substantially nojmal to the sensing 10 edge which
produces an inproved bias profile for the sensor. \Wile the invention
has been particularly shown and described with reference to preferred
enbodi nment Iyﬁﬁﬁpof, it will be understood by those skilled in the art that
various other changes in the formand details may be made therein w thout
departing fromthe spirit and scope 15 of the invention. 1. A

nmagnet or esi st if V& hgastdrEARFdYeAT triiddidty bRASS pyRive Red regbmNepatRadbytLctnyl a
central actiyve re.gi on canprising: a magnetoresistive |ayer nmade from a
mat eri al h3HGEJCEOPSQMBRFERT al nagnetic ani sotropy corresponding to a high
permeabi | ity, sahcthagagomdsisties layer made frpera materialchayingenbwngniedglenagnetof t

magnet i ¢ bl aSod Y YorteSpoiidinth &4 ibf betidabiify, G MAbnefbhsAfit01ayeP niMihg 7RSS
edge;

a soft magnetic bias layer in said central active region, adjacent to but spaced from
said magnetoresistive layer, said soft magnetic bias layer made from a material having a'higﬁ-

. uniaxial magnetic anisotropy along a direction transverse to said sensing edge; and

means for producing a longitudinal bias directly in each of said end regions only, said
means for producing a longitudinal bias comprising a layer made from a material having a high
uniaxial magnetic anisotropy along a longitudinal direction of said magnetoresistive layer.

2. The magneforesistive read transducer of claim 1 wherein said magnetoresistive layer
extends over said central region only.

3. A magnetoresistive read transducer having passive end regions separated by a central
active region comprising:

a magnetoresistive layer made from a material having a low magnetostriction
coefficient; a soft magnetic bias layer in said central active region, adjacent to but spaced from
said magnetoresistive layer, said

soft magnetic bias layer made from a material having a high positive magnetostriction
coefficient; and

means for producing a longituddinal bias directly in each of said end regions only,
said means for producing a longitudinal bias comprising a layer made from a material having a
high negative magnetostriction coefficient.

4. The magnetoresistive read transducer of claim 3 wherein said magnetoresistive layer
extends over said central region only.

5. The magnetoresistive read transducer of claim 3 wherein said soft magnetic bias layer
comprises a ternary alloy NiFeX where X is taken from the group consisting of Rh, Ti, Cr, Ir
and Nb.

6. The magnetoresistive read transducer of claim 3 wherein said magnetoresistive layer has
a magnetostriction coefficient of 1X10-6 or less and said soft magpetic bias layer has a
magnetostriction coefficient of 5X10-6 or greater.

T



said magnetoresi stive |layer, said soft magnetic bias | ayugmdggf/r:@msaﬁm
mat eri al having a high uniaxial magnetic ani sotropy alonq a diyec
transverse to said sensing edge; and neans for produci ngl @Jté).fdja bEEn@ﬂG
bias directly in each of said end regions 1n|y, sai d neans—fer—protducing—a
| ongi tudi nal bias conprising a | ayer made froma material havi ng a hi gh
uni axi al magnet The amigsetorasiyive readgransdurey of dainm whelieiresaid meany fog prefucing a
rragnetore5| o) ' I _6t er of claiml
wherein sal1 §W3f%%%hasz% m-ggﬁ?tgag&%ncg cﬁetnk X{erlsggéd Jcrgﬁt ral region only.
3. A magnetor &s fl“éltim@gnc@mﬁlsﬁwam@édﬁmsdmvpf*@alph%§1h9@"é$?dd PSAROI0E PE%’eSEF“&t?ed

by a centr glnodf Hin‘éfhm?%xﬁ i§e3 rﬁﬂrdnﬁfé?&ma%n&&%ﬁkﬁzﬂ% k:§ﬁthét®whﬁ¥%rrdl‘ﬂé§€1eﬁé om a
mat eri al haV| ow nmaghetqQstricti %n coe

| ayer in sé‘?‘?’éﬁé"ér‘i@ PEduge ip xchapgs Bias figl; 05(5‘6,1?1‘?’5:? IB’GPt @ﬁﬁ%‘%‘"\‘ %b‘ﬁ‘?'é‘gfeglons of
hrrag_net Oreﬁ!s&’ﬁltkﬁsdhﬂ:ﬁemasmgli dopddin smgneti ¢ bias | ayer made froma materi al
aving a high_pgsitive t

producing a | c? ngf"F %B&bs'%gg%%drtggcd[ &Eefﬁféelégﬁé %Erseg?gﬂ%n %E%%)F g’?l%dugln

said rreanslcﬁngltuﬂmﬂhras ngnprmamdlammagad:tlctiam conprising a |ayer nmade from a
material having ?h@ rans%h\f@réﬁﬁﬁ&?x%cﬁﬁ&f 61‘31&19{‘3 FREdeld égidaﬁkans“for Phtucing a

magnet or esi stive rea ucer al m 3 wherein“sai d magnetor esistive
| ayer ext ehengidinal bias gomprises & layarpfderrerppgpetic mateRial- nagnet or esi sti ve read

transducer of 1! ThenhenbiBfeRishive fiad tEdbducBeitidinC1(0Whereinail layer of ferromagnetic
material is subjected to a thermal oxidation treatment.
12. A magnetoresistive read transducer having passive end regions separated by a central

...........................

active region comprising:

a magnetoresistive layer made from a material having a low magnetostriction
coefficient, said magnetoresistive layer having a sensing edge extending over said central active
region; a soft magnetic bias layer in said central active region, adjacent to but spaced from said
magnetoresistive layer, said soft magnetic bias layer made from a material having a high
magnetic anisotropy in a direction normal to said sensing edge; and

means for producing a longitudinal bias directly in each of said end regions only of a
level sufficient to maintain said end regions in a single domain state.

13. The magnetoresistive read transducer of claim 12 wherein said soft magnetic bias layer
comprises a ternary alloy NiFeX where X is taken from the group consisting of Rh, Ti, Cr, Ir
and Nb.

14. The magnetoresistive read transducer of claim 12 wherein said soft magnetic bias layer
comprises a cobalt based material.

15. The magnetoresistive read transducer of claim 12 wherein said means for producing a
longitudinal bias comprises an antiferromagnetic material in contact with a ferromagnetic
material to produce an exchange bias field of a level sufficient to maintain said end regions of
said transducer in a single domain state.

16. The magnetoresistive read transducer of claim 12 wherein said means for producing a
longitudinal bias comprises a hard magnetic layer.

17. The magnetoresistive read transducer of claim 12 wherein said means for producing a
longitudinal bias comprises a layer of ferromagnetic material.
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conprises a ternary alloy NiFeX where X is taken from thd gEoUp ToNS SLET
of Rh, Ti, C, Ir and Nb. 6. The magnetoresistive read triaﬁ%%eé%ﬁ’%ﬁ%ﬁﬁ
D& i 996 of

3 wherein said magnetoresistive | ayer has a magnet ostri Cﬁ’i[%?e
1X10-[err] or less and said soft magnetic bias |ayer has|la_mRgnserastrictio |

i
e

coefficient of 5X10-[err] or greater. 72 The magnetoresistive read
transducer of . gl.aim3 wherein said negns far. prqguci ng a .l.ongitudinal bias
has a magnet og‘ r'ﬁlet TRFCLYEFIIE; r@?ff“%‘?‘"‘%‘-“ﬁ ?g 51_a§n 39 V@F&%’P &id ?@gr ?ﬁ gerr omagnetic
magnet or esimateribisrsabjicted am g divermial ofidationi treaimeber ei n sai d neans for

net or esimateriissabjicrd ana _ nsier _ o
Contact wi ih i EnERtes 8 (ATRRLRRS: BHAN L KATRANER SEORREE LY 2 et

a | evel sufqtiveiregioncompesingai n said end regions of said transducer in a

singl e domain st @hﬁgn&ore?ﬁﬁvé@?&%@d@ﬁbﬁtai Mfefiflafving A DAUaSI ne®stridtidh M 3
wherein said | ongi. t udi nal bi.as C%;HI)I’I ses a har

ans f.or producjn d .
magnet i c | SRERcientosai mABREgTStEH Byer Rajine & sioie SEREMIng OVEF AP CSURHACHHS
sai d neansrdgion qudodidcémigregiongyngidt udi nal bi as conprises a | ayer of
ferromagnetic majferdal . e de oresisti.ve read transducer of [ m
10 wher o1 sai o 1 Sy Pasp il Ry NGRS e AR abBRE 1 5 spRied b
oxi dat i on saidatagpetoresistive layer, said soft magnetic bias layer made from a material having a high

magnetic anisotropy in a direction normal to said sensing edge.
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12. 'A magnetoresi stive read transducer having passive end RERIATEMSEPSHEETE
by a central active region conprisinf—a nagnetoresisrive | aye from
maferial having a | ow nagnetostricti ﬁmT‘“c%@FTthFséﬁt%”bs\}aildmag{neé(ﬂ Us19%e

| ayer having a sensing edge extendinfj oversaid-tentrall Hectivetegtor—a=—
soft magnetic bias layer in said central active region, adjacent to but
spaced from said nagnetoresistive '|layer, said soft magnetic bias |ayer made
froma material having a high magnetic anisotropy in a direction nornmal to
sai d sensing edge; and neans for produci ng%% | ongi tudi nal bias directly in
each of said end regions only of a |level S5t

: #peient to naintain said end
regions in a single domain state. 13. The nagnetoresistive read transducer
of claim 12 wherein gaifltsaflRINQLECALhas 4 AYeFin6OMBrd88Sids tebhakY al | oy
Ni FeX where X is taken fromthe group consisting of Rh, Ti, Cr, Ir and Nb.
14. The magnetoresistive read transducer of claim 12 wherein said soft
magnetic bias | ayer BdWIPEEesigtithaliR) peatelr atuser d1avirgspasphye end regions
magnet or esi st i vezs gad) tsepnsded @y Ofcestral nact2vamhegien n(2saisd) neamsi sk Oran MR
producing a | ongi{udipal 30j AgaL PR SR AL AL L LN RIBENGLI S FRhetdal in
contact with a ferr%ma netjc gtat eri %l &fo sgr oduc?2 an33§xchangdre;i bi gs JI el d of
a level suffici SRHSTBHai rft APH BAFEEHE PedfEis O L4 tf APAE¥ucRPYEn a

si ngl e donmi n stsaeeed fipm GheckRrdgyrnt on dbe steptealy eagdon (ahs dbk epliof ard &hen 12
wherein sai d neabst hWoimeioOdies Ngysr PNYBE VAL Rale Fras aChutpFialckavandar High
magnetic | ayer. '

uniaxial magnetic anisotropy. A longitudinal bias is produced directly '
in each of the end regions (28, 38) only, and the means for producing the
longitudinal bias comprises a layer (26) made from a material having a

high uniaxial magnetic anisotropy. Control of the uniaxial anisotroéy

can be ‘achieved by’ éhoos'iz"i-g materials of appropriate magnetostriction or

intrinsic uniaxial anisotropy.
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17. The magnetoresistive read transducer of claim12 wherein said neans for
produci ng.a | ongi tudi nal bias conprises a |layer of ferromagnetic material.
12 18. The magnetoresistive read transducer—eE==t3ai m 1f=wherein.said layer

of ferromagnetic material is sulifecr, eﬁi&a and heﬁ*rdl OX|[dat}mL%\Eg@f
s“é\ép@g*}a

19. A magnetoresistive read tran§a"é:“er“m‘f‘m§ passive gnd regi

by a central active region conpr1Sng;;awﬁ&gnerﬁfeS|stMWézbayeimﬂHde fFO
mat eri al having a Iom/nagnetostrlct|on cqefficient, saFd;ﬁagnetﬁiégigﬂg;_
| ayer having a sensing edge extending ovg sai d central active region and
said end regions; and a soft magnetic bias layer in said central active

regi 0{1 agj acelnt to bu'sj spaced from said nagnetoresi stive |ayer, said soft

magnetic bias |ayer made froma material having a hi ' | sot

U3 di rect | on MACRETORESITAVEGHEARGrMsDUCKR RAVIRG ARAREVED BIAS®! "°PY
PROFILE

ABSTRACT

A magnetoresistive (MR) read transducer having passive end regions (28, 38)
sei)arated by a central active region (25, 34) comprises an MR layer (27, 31) made from
a material having a low uniaxial fnagnetic anisotropy. A soft magnetic bias layer (24,
33) is adjacent to but spaced from the MR buyer in the central region (24, 34) only, and
the soft magnetic bias layer (24, 33) is made from a material having a high uniaxial
magnetic anisotropy. A longitudinal bias is produced directly in each of the end regions
(28, 38) only, and the means for producing the longitudinal bias comprisés a layer (26)
made from a material having a high uniaxial magnetic anisotropy. Control of the
uniaxial anisotropy can be achieved by choosing materials of appropriate

magnetostriction or intrinsic uniaxial anisotropy.

Fig. 2
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MAGNETORESISTIVE READ TRANSDUCER HAVING IMPROVED BIAS
) PROFILE

ABSTRACT

A magnetoresistive (MR) read transducer having passive end regions (28, 38)
separated by a central active region (25, 34) comprises an MR layer (27, 31) made from
a material having a low uniaxial magnetic anisotropy. A soft magnetic bias layer (24,
33) is adjacent to but spaced from the MR layer in the central region (25, 34) only, and
the soft magnetic bias layer (24, 33) is made from a material having a high uniaxial
magnetic anisotropy. A longitudinal bias is produced directly in each of the end regions
(28, 38) only, and the means for producing the longitudinal bias comprises a layer (26)
fnade from a material having a high uniaxial magpetic anisotropy. Control of the
uniaxial anisotropy can be achieved by choosing materials of appropriate

magnetostriction or intrinsic uniaxial anisotropy.

Fig. 2



