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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention The
present invention relates to an orthogonal spin valve read head apgore
particularly to an orthogonal spin valve read head Werein the nagne&,;g,:
monent stiffness of a spin valve sensorj.caused by sense current is re ucegd
or elimnated. 2. Description of the Related Art 3
val ve technology is a well-known suppl enent to nmagnetoresistive (I\/R) sensor
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di sposed between the magnetic |ayers of a |ayered MR sensor.

current-bi ased MR sensor of the spin valve type is described, for exarrpl e,
in U S Patent No. 5, 3BACKGROIENDMRE FHE(INVENTIQMNee of this
application, and incorporated herein by reference. In the '079

1. Field of the Invention
The present invention relates to an orthogonal spin valve read head and more
particularly to an orthogonal spin valve read head wherein the magnetic moment

stiffness of a spin valve sensor caused by sense current is reduced or eliminated.

2. Description of the Related Art
Spin valve technology is a well-known supplement to magnetoresistive (MR)
sensor (or head) technology that advantageously utilizes the spin-dependent
. transmission of conduction electrons through a non-magnetic layer that is disposed
between the magnetic layers of a layered MR sensor. A current-biased MR sensor of
the spin valve type is described, for example, in U. S. Patent No. 5,301,079, assigned
to the assignee of this application, and incorporated herein by reference. In the 079
patent, spin valve structures are mentioned that include two layers of magnetic
material ("magnetic layers") between which is disposed a layer of non-magnetic
material. The direction of magnetization of one magnetic layer is "pinned" or
constrained to a pre-selected orientation and the easy axis of the magnetic moment in
the other magnetic layer (the "free layer") is perpendiculér to the orientation of the
one layer under non-signal conditions. Typically, pinning in a spin valve sensor is
provided by exchange coupling to a layer of antiferromagnetic material ("antiferro-
magnetic layer").
A spin valve read head employs a spin valve sensor sandwiched between first
and second gap layers that are, in turn, sandwiched between first and second shield
layers. An orthogonal spin valve read head has_a} first leac!connected to the spin

valve sensor along an air bearing surface (ABS) and a second lead layer connected to



patent, spin valve structures are mentioned that include two | ayers of
magnetic material ("magnetic |ayers") between which is disposed a | ayer of
non-magnetic material. The direction of magnetization of one magnetic |ayer
is "pinned" or constrained to a pre-selected orientation and the easy axis
of the magnetic noment in the other nagnetic |ayer (the "free layer") is
perpendi cular to the orientation of the one |ayer under non-signal
conditions. Typically, pinning in a spin valve sensor is provided by
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for the write head. A piggyback spin valve head has a separate layer which serves as
the first pole piece for the write head. |

In a magnetic disk drive a combined head is supported adjacent a rotating disk
to write or read iﬁomtion on the disk. Information is written to the rotating disk  »*
by magnetic fields which fringe across a gap between first and second pole pieces of
the write head. The resistance of the spin valve read head sensor changes
proportionally to the magnitudes of the magnetic fields. When the sense current is
conducted through the spin valve sensor the resistance changes cause potential changes
that are detected and processed as playback signals. _

The spin valve sensor is a multi-layered element in which a pinned layer has
its magnetic moment oriented by an adjacent antiferromagnetic layer, and a free layer
has a magnetic moment that is free to rotate under the influence of magnetic fields
from the rotating disk. The f;ée and pinned layers are separated by a spacer layer of
conductive material, such as copper. The sense current is conducted through the free,
spacer and pinned layers of the sensor. Relative rotation of the magnetic moments of
the free and pinned layers changes the resistance presented to the sense current circuit,
resulting in a change of potential across the sensor.

In a typical spin valve MR sensor, the free and pinned layers have equal
thicknesses and the spacer layer is one half as thick as either of the free or pinned
layers. An exemplary thickness of each of the free and pinned layers is 50 A and an

exemplary thickness of the spacer laver is 25 A. In an orthogonal spin valve sensor



t.o forma conbi ned head. . A conbi ned head may have the structure of either a
nmerged spin val ve head, or a piggyback spin valve head. In a nerged spin
val ve head the second shield | ayer serves as a shield for the read head and
as a first pole piece for the wite head. A piggyback spin valve head has a
separate | ayer which serves as the firgi_ pole piece for the wite head.

In a magnetic disk drive a conbined head is supported adjacent a rotating
disk to wite or read information on the disk. Information is witten to

the rotating. disk by nmagneti¢ fields which fringe acraoss gap between
first andtb§%&?nl&3’?fdﬁ Qr?)‘flé?,cégﬂtgfant% \ﬁﬁ"ist"‘éhl%ﬁd?aralﬁiéo thesfs aﬁé‘é’rg?r ©he spin

val ve :ready; i CANESS | : ' : he
magneti c ?‘lg%lpgggw\s/@g%%[tﬁeqbsensealgﬁgrag%thkilggﬁdgg%ﬁg?%ﬁgt Eriougwétg%gljag%?tﬁl val ve
sensor t hthersiddsséfathe efreehagge s Acedrdingint thatmagnetit angrenttdfathe dree Bgereist ed and
processed as pl ayback signal s, . The spjn valve sensor is .a

mul ti-| ayéh&rtfﬁaném%ehaeﬁ ajpnecits sasyiaxiscste tﬁé‘y& erhif ds rqtated by maagnetiafields

ori ent ed =T 1l nolae ' d P> S|
magneti c Hrr%n%‘r%‘ttﬁtgﬁgfa?ﬁa{sl (?J?%lg tﬁé r o’?%%ﬁﬂ%@ﬁ%‘%f Pﬁéﬂne(rzggeo%ﬂa énet I C
fields frtayetshdeterntinds thg resisthnceTdfethe rspin waloe pensoed | ayers are separated by
a spacer layer _of conductive material, such T,he%ien e current is

conduct ed t hr obifVe¥Rle WS Sensp uigient i) com " thagughs sy PIOR I pfswpacer
Rel ative Lagte%ti’c ths&d mh S ilFRIER b $ra : g{esfrég layFewhichO'sGftths 'ﬂmrq%é 4 ers

changes t resi stance presented to sense’ current "circuit, ting in
a change ofoment efithedfteedayars FHidleoweesthwrdynamic rangd of thespin valve sepsor andl ve MR

ayer - DRl S b o i 0T o Sbpen o
exenpl ary ks Gdfs rﬂ)frmﬁﬁkeﬁ ; ' | ayers is 50 A and am
exenpl aryﬁ%iﬁ?%ggs rgv?e tﬂﬁg&spacer 'gf;ggpl?rs\%‘g%lﬁg n an orthogonal spin

val ve sensor

SUMMARY OF THE INVENTION

We have found that, by asymmetrically locafing the spin valve sensor between
the first and second shield layers of a combined MR head, fields induced into fhe free
layer by the pinned and spacer layers can be counterbalanced By image fields from the
shield layers so that the magnetic moment of the spin valve sensor is not stiffened
when the sense current is conducted therethrough. When the sense current is
conducted through the spin valve sensor an image current, is induced into each shield
layer because of the magnetic coupling therebetween. The image current in each
shield layer causes a respective .image field about the shield layer. ~When the
thicknesses of the pinned and free layers are equal and the thickness of the spacer
layer is one-half the thickness of either of the pinned or free layers, the sense current
fields caused by the pinned and spacer layers can be substantially counterbalanced by
the image fields from the shield layers when the spin valve sensor is located four
times as far from the second shield layer as it is located from the first shield layer.
With this arrangement an image current in the first shield layer is stronger than an

image current in the second shield layer. Accordingly, an image field induced into



-3- " the free layer is provided with an easy axis which is parallel to the
ABS. In order to stabilize the magnetic domains along this axis, hard bias
| ayers are provided adj acent the sides of the free layer. Accordingly, the
magneti c nonent of the free layer is aligned and stabilized along its easy
axis so that when it is rotated by magphetic fields the relative rotation
(angl e) between the magnetic nonents of the free and pinned | ayers
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moment of the free layer. This results in a more sensitive spin valve sensor with
greater dynamic range.

An object of the preseht invention is to provide an orthogonal spin valve read  **
head wherein the magnetic moment of the free layer is not stiffened by fields from

. the pinned and spacer layers when a sense current is conducted therethrough. :

Another object is to provide an orthogonal spin valve read head which has
improved sensitivity and dynamic range. i

A further object is to provide an orthogonal sg_i_n valve read head wherein the
spin valve sensor is asymmettically located between shield layers of the head so as to
substantially counterbalance fields from the pinned and spacer layers when a sense
current is conducted therethrough.

Other objects and advantages of the present invention will become apparent
upon reading the following description taken together with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an isometric schematic illustration of a magnetic disk drive which
employs an exemplary merged orthogonal spin valve head with an improved spin

valve sensor;



conduct ed through the spin val ve sensor an inmage current, is induced into
each shield |l ayer because of the magnetic coupling therebetween. The i nage
current in each shield | ayer causes a respective imge field about the
shield | ayer. -When the thicknesses of the pinned and free |ayers are equal
and the thickness of the spacer |ayer i-§-one-half the thickness of either
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Fig. 7 illustrates directions of minus and plus fields induced into the free layer
of the spin valve sensor due to a sense current through the spacer and pinned layers
and due to image currents in the shield layers respectively; . '

Fig. 8 is a plan view of a portion of the first shield layer;

Fig. 9 is a plan view of the portion of the second shield layer;

Fig. 10 is a plan view of the spin valve sensor and adjaceﬁt components
similar to Fig. 3;

Fig. 11 is a view taken along plane XI-XI of Fig. 10;

Fig. 12 is a view taken along plane XII-XII ;E Fig. 10;

Fig. 13 is a view taken along plane XIII-XIII of Fig. 10; and

Fig. 14 is a chart illustrafing field H, versus a ratio. of first and second gap

spacings g,/g,.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings wherein like reference numerals designate like
- or_;imilar parts throughout the several views, there is illustrated in Fig: 1 a disk drive
20. The drive 20 includes a spindle 22 which supports and rotates at least one
magnetic disk 24. The spindle 22 is rotated by a motor 26 which is governed by
motor control 28. A thin film spin valve magneti_c head 30 of the present invention

1s mounted on a slider 32. the slider being supported by a suspension and actuator arm



fields fromthe pinned and spacer layers. Wth this arrangenent the fields
fromthe pinned and spacer |ayers caused by the sense current do not
stiffen the nagnetic nonent of the free layer. This results in a nore
sensitive spin valve sensor with greater dynam c range. An obj ect of
the present invention is to provide an-6erthogonal spin valve read head
wherein the nmagnetic nonent of the free layer is not stiffened by fields
fromthe pinned and spacer |ayers when a sense current is conducted
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to various tracks are processed by drive electronics 36.
Fig. 2 is a cross-sectional schematic illustration of the head 30 which includes

a read head portion and a write head portion. The head 30 is lapped to form an air
bearing surface (ABS), the ABS being spaced from the surface of the rotating disk by » >
the air beariﬁg as discusseci hereinabove. The read head portion includes an

. orthogonal spin valve sensor 40 sandwiched between first and second gap layers Gl
and G2 which are, in turn, sandwiched Betw—een first and second shield layers S1 and
S2. The write head portion includes a coil layer C and insulation layer I2 which are
sandwiched between insulation layers I1 and I3 which are, in turn, sandwiched
between first and second pole pieces P1 and P2. A gap layer G3 is sandwiched
between the first and second pole pieces at their pole tips adjacent the ABS for
providing a magnetic gap. When signal current is conducted through the coil layer
C, flux is induced into the first an& second pole layers P1 and P2 causing flux to
fringe across the pole tips at the ABS. This flux magnetizes one or more circular
tracks on the rotating disk 24, shown in Fig. 1, during a write operation. During a
read operation, flux from magnetized regions on the rotating disk bathes the MR

 sensor of the read head, causing resistance changes in the sensor. These resistance
changes are detected by detecting potential changes across the sensor. The potential
changes are processed, as readback signals, by the drive electronics 36 shown in Fig.
1. The combined head illustrated in Fig. 2 is a "merged" spin valve head in which

the second shield layer S2 of the read head is emploved as a first pole piece P1 for



-5- Fig. 2 is a schematic vertical cross-sectional view of the
exenpl ary nerged orthogonal spin valve head with the inproved spin valve
sensor; Fig. 3 is a cross-sectional view taken along plane I11-111

of Fig. 2; Fig. 4 is an enlarged cross-sectional vertical view of
the spin val ve read head; Fig. &-is a schematic illustration of the
ferromagnetic coupling field (Herr]) between the pinned and free fil ns;
Fig. 6 is a schematic illustration of the pinned filmdemagnetizing field
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ratio of {hbSdinfRRA HREARN uiied 66 RAQ! 639af be dndittdli Sitekein the bortom edge of
the spin value is exposed at the ABS. First and second hard bias (HB) layers 64 and
66 may be located contiguously to first and second side edges of the spin valve. The
hard bias layers 64 and 66 may also be connected contiguously to edges of the spin
valve 40 with the bottom and top flux guides 60 and 62 so as to planarize the bottom
and top portions adjacent the bottom and top ends of the .spin valve sensor for the
connection of first and second leads to the spin valve sensor which will be explained
hereinbelow.

As shown in Fig. 4, the spin valve sensor 40 includes a free lé.yer 70 which
has its easy axis set parallel to the ABS. This means that in a quiescent state (without
flux from the disk) the magnetic moment of the free layer is oriented parallel to the
ABS. The spin valve sensor 40 also includes a pinned layer 72 which abuts an anti-
ferromagnetic (AFM) layer 74, the AFM layer constraining the magnetic moment of
the pinned layer to a direction which is perpendicular to the ABS. The spin valve
sensor 40 further includes an electrically-conducting non-magnetic spacer layer 76
disposed between the free and pinned layers 70 and 72. Materials for the free and
pinned layers 70 and 72 may be Permalloy (NiFe) and cobalt (Co) respectively. The
spacer layer 76 may be copper (Cu) and the AFM layer 74 may be iron manganese
(FeMn). The hard bias layers 64 and 66 shown in Fig. 3 may be cobalt-platinum-
chromium (CoPtCr). The aforementioned spin valve layers 70, 72, 74 and 76 may be
sandwiched between a bottom seedlayer (bottom in the process of making) and a top

protective layer, both of which may be tantalum (Ta). These layers are not shown in



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now to
the drawi ngs wherein |like reference nunerals designate like or simlar
parts throughout the several views, there is illustrated in Fig. 1 a disk
drive 20. The drive 20 includes a spindle 22 which supports and rotates at

| east one nagnetic disk 24. The spindle 22 is rotated by a notor 26 which
I's governed by notor control 28. A tmrﬁﬁiln1spin val ve magnetic head 30 of
the present invention is nmounted on a slider 32. the slider being supported
by a suspension and actuator arm
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82 are adjacent to and contact the first and second flux guides 60 and 62 so as to
make electrical connection with bottom and top edge portibns of the spin valve sensor
40 via the flux guides. The material of the flux guides may be Permalloy and the
material of the first and second leads 80 and 82 may be tantalum/gold/tantalum
(Ta/AwTa). The first and second leads 80 and 82 are also adjacent top and bottom
portions of the hard bias layers 64 and 66, as shown in Fig. 10, so as to planarize the
leads in these regions. Planarization of the bottom region where the first lead is
located -is important for pianarizing the third gap layer 63, shown in Fig. 11. The
leads receive a sense current (I,) from the drive electronic 36 shown in Fig. 1 which
is conducted through the spin valve 40 in-a direction which is perpendicular to the
ABS. The direction of the sense current may be from the lead 80 to the lead 82 as
shown, however, fhe sense current could be directed in an opposit.e direction. Because
of the perpendicular direction of the sense current the spin valve sensor is referred to
as an orthogonal spin valve sensor.

When the sense current is conducted through the spin valve sensor the sensor
is in an active state and is capable of detecting information field signals from the
surface of the disk 24 as it rotates adjacent the ABS. The fields from the rotating disk
will cause the normally parallel magnetic moment of the free layer to rotate so that

it is no longer perpendicular to the magnetic moment of the pinned lé.yer 72. The
relative angle between the magnetic fields of the free and pinned layers 70 and 72
determines the resistance of the spin valve sensor. When external magnetic fields are

applied to the free layer 70, the relative angle between the moments of free and



to various tracks, are processed by drive electronics 36. Fig. 2 is
*a Cross-sectional schematic illustration of the head 30 which includes a
read head portion and a wite head portion. The head 30 is | apped to form
an air bearing surface (ABS), the ABS being spaced fromthe surface of the
rotating disk by the air bearing as di-dcussed herei nabove. The read head
portion includes an orthogonal spin valve sensor 40 sandw ched between
first and second gap |ayers Gﬂ and & which are, in turn, sandw ched
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external magnetic fields are required in order to rotate the magneuc moment of the

free layer relative to the ABS. This stiffening action results in a reduced sensitivity
of the MR sensor as well as a reduction in its dynamic range. Accordingly; the .
stiffening field 84 seriously degrades the performance of the spin valve read head.
We have discovered that we can arrange the components of the spin valve iread
head in such a manner that the fields induced by the AFM, pinned'and spacer layers
72, 74 and 76 in the free layer 70 can be completely n;-;ltralized, or at least selectively
minimized. This has been accomplished by asymmetrically locating the spin valve
sensor between the first and second shield layers S1 and S2. In this regard, consider
the image currents 86 and 88 that are induced in the shield layers S1 and S2,
respectiv;ely, by the sense current I, The magnitude of each image current is
dependent upon the distance of the respective shield layer in which the current flows
from the spin valve sensor. Accordingly, the closer a shield layer is to the spin valve
sensor, the greater the image current. As shown in Fig. 4, the image current 86 will
havé. .a higher magnitude than the image current 88 since the first shield layer S1 is
closer to the spin valve sensor than the second shield laver S2. It is these unequal
dist_ances which asymmetrically locate the spin »;alve sensor between the first and

second shield lavers S1 and S2.



-7- “the wite head. In a piggyback head (not shown) the second shield

| ayer S2 and the first pole piece Pl are separate |ayers. Fig. 3
shows a plan view of the spin valve 40 with bottom and top flux gui des 60
and 62 contiguously connected to the bottom and top edges of the spin valve
sensor 40, the bottom flux guide 60 betlly exposed at an air bearing surface
(ABS) and the top flux guide 62 being recessed within the head. In an
alternative enbodi ment the flux guides 60 and 62 nay be omtted wherein the

b dge of i e ' hard
ottom edge o THéQn§8{tg>n\éx‘gi1énkguyﬂc§|eﬁlé %ﬁﬁausa%mée%@wﬁﬁm ar

bias (HB) |ayers 64 an conti i rst and second
si de edgeshofirst hed sqriond shielklaydiseS IhandiSD)i raspectiyely sfob 4pposing Ghenmiffemizgp be

Cop 11 ux dres BEntn b £eP et Earttob e Jwaen cuments 4 a3 B8 B9QHERA ons
adj acent trlafq REfobO MAGnt Rive Qgﬁopkaféi'ﬁ:l fcﬁ 'the ‘ﬁﬁiypanﬁ qGOShE aft‘gfen{\ﬁgﬁgﬁedw ' be

connection of first and second leads to the spin valve sensor
expl ai ned stifeming fieldo84. The imageAield BDeaused biithe iragetduereap8$wiliiby paafiesor 40

i ncludes a free.Jayer_7 ich has i asy axis set parallel to the ABS.
This meand® flﬁait‘f*eﬂ}/“g Gﬂaé‘gg‘@hﬁmgﬁéﬁ é{i‘%ﬁ% Geped by the fmags eureeny 86 1yilk bee
magneti c 155k h r el | eRingd, . el t B e spin
val ve senrsigr 40all'§|f stg ﬁ{lsggggﬁlg gehcﬁe%% ayer Eﬂé\/ﬁ%p&: ‘éattl)ﬁ ségg%ﬁaﬁp [ H'

f er r omagnesyromeikienlly leoatad betwednthe Ardd dndysecorcioshidld &iyets Sl amkS2rbgeirigc

ABS. The Sl PuFchEt AbGId layer S A8 ShpEIiBte. 4nthe Bease Gel 94 sechsot | ng
10 Tt ATRAP AN 70 9 DRI, L ARG Y7
(Ni Fe) andalvelyeiich prodpcesesiesultant ithgge fidld equal in magnitude to the stiffening field » "
84 i:o completely counterbalance the stiffening field, and some lesser value that
provides a predetermined stiffness to the free layer. :
The first and second gap layers G1 and G2 are generally the same thickness,
usually about 0.1 /,Lrh. In order to provide additional distance between the spin valve
sensor and one of the shield layers, such as the second shield layer S2, a mid-gap
(MG) insulation layer 90 may be provided between the spin valve sensor and the
second gap layer G2. With this arrangement the field from the image current 88 in
the second shield layer S2 has less of an effect on the free layer 70 than the field from
the image current 86 in the first shield layer S1. In our invention, the thicknesses of
the gaps g, and g, are selected so that H,, the resultant field produced by the image
fields, in the following formula is substantially zero or some predetermined value:
H,=J/2[(g -2) /(g +g)] +(Js+ Jp) (8//81 + &)
where: _
H, = the resultant field induced in the free layer;
J¢ = the current density in the free layer;
Js = the current density in the spacer layer;

Jp = the current density in the pinned layer;



spacer |ayer 76 may be copper (Cu) and the AFM | ayer 74 may be iron
manganese (FeMh). The hard bias |ayers 64 and 66 shown in Fig. 3 may be
cobal t-plati num chrom um (CoPtCr). The aforenentioned spin valve |ayers
70, 72, 74 and 76 may be sandw ched between a bottom seedl ayer (bottomin
the process of making) and a top protettd ve |layer, both of which may be
tantalum (Ta). These |l ayers are not shown in

- 8- t he draw ng An exenpl ary spi n val ve sensor nmay conprise 50A of Ta as

a seed- |ayer, Afg tgl 2s, 8 fcriee | ayer, 25A of Cu as a spacer
| ayer, 26A of o & %i“ﬁ?f’e%fﬁ Sy8r 8HBEFR  of FeMh as an AFM | ayer and 50A of
Ta as a top p(rigl,tﬁ‘ﬂ{d theckn@¥sesf the secondfﬁ)@mw‘midﬁg@)gs 4, 10, 11 and 13,

| eads 80 and 82 are adjacent to and contact the

first (Lé% ‘'second (L2)

first an mmtsrmuhe ie,dwgca@ndrmnrml lgﬁragrqwmedéséérprneé&mté@qhect|on
wth bott flthegg a%,d%e portions of the spin valve sensor 40 via the fl ux
gui des. erlaF of"the flux guides nay be Permall oy and the materi al
of the f| rst and second | eads 80 and 82 nay be tantal um gol d/tantal um
(Ta/ Au/Ta). The first and second |eads 80 and 82 are al so adjacent top and
bottom portions of the hard bias. | &¥#8pPka and 66, as shown in Fig. 10, so

as to planari Zﬁx&ﬁﬁary thicknesses of the layers can be as follows:

free layer = S04,

pinned layer = 504,

spacer layer = 254, |

first gap layer G1 = 0.1 ym, and

second gap layer G2 = 0.1 pm. -
For a current density J due to the sense current I, = 3 x 10" A/m® J; = 1500 A/m, J;
= 1500 A/m and J; = 750 A/m. With these values the ratio of the total of the
thicknesses of the second gap layer G2 and the mid-gap layer 90 relative to the first
gap layer G1, shown in Fig. 4, can be determined ‘f.'gr H, = 0, where there is no
stiffening of the magnetic moment of the free layer, or for some value of H, which
provides a predetermined stiffening thereof. The values according to this formula are
shown in Fig. 14 which shows H, versus the ratio g,/g,. With the values given, this
ratio is 4 for H, = 0. Accordingly, the mid-gap layer 90 would be 0.3 ym which,
when added to the thickness of 0.1 um of the second gap layer G2, provides 0.4 um
distance between the spin valve 40 and the second shield layer S2 and only 0.1 ym
between the spin valve and the first shield layer S1. These distances are measured

- from a center of the si)in valve sensor 40 as shown in Fig. 4. Since the thickness of

the spin valve sensor is negligible, the first and second gaps g, and g, in Fig. 4 are
shown as 0.1 pm and 0.4 um respectively for completely counterbalancing the

stiffening field 84 caused by the sense current.

- -



Jeads in these regions. Planarization of the bottomregion where the first
lead is located is inportant for planarizing the third gap | ayer 63, shown
inFig. 11. The | eads receive a sense current (l[err]) fromthe drive

el ectronic 36 shown in Fig. 1 which is conducted through the spin valve 40
in a direction which is perpendicul ar 418-the ABS. The direction of the
sense current may be front the lead 80 to the | ead 82 as shown, however,
the sense current could be directed in an opposite direction. Because of

the per pendi Cutgg’ 71 R8EAED hePbpdiRictCHS BieCRKIAS B, thNBe SHEHe”laV@rl q& ELAROT 1S
referred to as an orthogonal spin val ve sensor. When t he sense

current i sensocuoentesh Dhc bagh (tHe) apd duedd vee seagorurénss Qanthg rothgr handan
active stat capabl e, of detec n f.or ma onfl dSI n fromthe
surface o l&)enﬂ\e&ﬁﬁﬁgﬁe pf oprasite é’Q 'ﬁféﬁ‘gmeyt‘ﬁ@f ggter @“‘fq' %‘} gssd?‘? Tom t he
rotating "Wt?enttH@y ﬁ@réﬁlﬁhi Ywiheh fhik SbcuB aneé icndRiedtin@br iee free

| ayer to ot at at It I's no 1onger perpendicular to the nagnetic

moment of mageetjvi mumdnﬂ afithe fre@ layehdue @l theifickdsdingrh ¢hd AFMqrinndveandespaetr ¢
fields of,the free,and pinned |la eructﬁgg}ﬁnd 72 determ nes the resistance of

the spin ‘?XF’\'? whenthg sen “éWeé‘%fSe throyghe| 4s are applied to the
free layer A{s%o’iﬁx' i Fis. 409139 the e ind Q@cdﬁ&é’?dgﬁ Bayefs GlemaPtR are

-9- . pi nned FiTm changes,” providing a resistanc hange whi ch can be

det ect ed provided with vias for connecting the first lead 80 to the first and second shield layers
S1 and S2. Accordingly, these shield layers can then be employed as one of the leads
to the drive electronics 36 for the sense current. The other lead 82 will extend to the
drive electronics 36 for a return path. _ _
. There are other magnetic fields acting on the free layer due to the pinned
magnetic moment of the pinned layer. As shown in Fig. 5, ferromagnetic coupling
produces a ferromagnetic field Hgc in the free layer which is parallel to the magnetic
moment of the pinned layer. Another field is produced external to the pinned layer
due to its magnetic moment which traverses the 1engEI_1_ of the free layer, as shown in
Fig. 6; this field is referred to as a demagnetizing field Hpgy,o- These fields, unlike
the aforementioned fields traversing the free layer, are not generated by the sense
current I It is desirable that the ferromagnetic coupling field Hyc and the
demagﬁetization field Hppyag counterbalance one another to again improve the
sensitivity and biasing of the free layer.

In some embodiments it may be desirable to cant the easy axis or direction of
magnetic moment of each of the first and second shield layers S1 and S2 at an angle,
(sq_ch as 45°) to the ABS, as shown in Figs. 8 and 9, in order to establish a desired
permeability (say, 1000) within the shields.

It should be evident that the present invention provides a novel and unique
arrangement of components for an orthogonal spin_yalve read _head, which overcomes

the problem of stiffening the magnetic moment of a free layer in the spin valve sensor



electronics 36 as a change in potenti al . Al'l - of the layers 70, 72,
74 and 76 in the spin valve sensor are conductive |ayers. Wen the sense
current I[err] is conducted through the AFM free, pinned and spacer | ayers
a magnetic field is produced about these |ayers according to the right hand
rule. The sense current through the AR pinned and spacer |ayers induces a
stiffening field 84 in the free layer, as seen in Fig. 4. This field is
parallel to the ABS in the direction of the magnetic nonment of the free

| ayer in [ i S [ i i f ' L €&, noment
of the frdggq é:?gcr?&?lr?nt %{geéll rgg F{i:)tn. tag t}sl?qu&rtfl\ghﬁ ﬁ’géég)?‘n {1 Egaér?;g%geﬁgnmnent
of the fnkespiapaiveniass:. t Batselectively aspametricdily ¢xdatingahe spignedlve sériset ds ar e
required_in order to rotate the magnetic nongnt .of the free layer relative

to the ABSwerRj theskinst padisgeenscshield feyersy the stitening figkd gar bR sFaPRIEtE]Y of t he
MR sensor, I t LN W oN g : di t he
stiffeni r?ge??lgé sgiz% stgrérgglgﬁyﬁd;gngédz}ag{sﬁ?ﬁgr@ggaﬁ 6’r %a&gﬁ%tw(% t eeéds}g%dnn%al ve
read headield can be niintained aii=sprdeteadined ahagmtudeain atdeangastdbilize trepfreent s of
the spin valve read head in such a manner that the fields induced by the
AFM  pi ni®tfrand spacer layers 72, 74 and 76 in the free layer 70 can be
conpl etel y neyteghy Z&fler Qﬁlb?{lirﬂeﬁ?ssﬁncf ‘fﬁ&ﬁ? da¥ishy o?‘tmsrqn%sﬂion-r%@ Qar been
acconpl i shed by asymmetrically lTocating the spin valve sensor between the
first andeablyctodhedei oflatdinagyesksll &i therait 8Aiew of thdse teachimpd, Therefortethis he

i mge currents 86 and 88 that are induced jn the shield |ayers S1 gnd S2,
respect i VBYSALORyist 19ebe dimiged: gplyehy the JPﬁTW‘ngh%lal% nwblehems%dsﬁﬁ SP¢fhge

I . . R H h 3 . . d . :
i ch-t SR RERE i BTN “WARE S Bped "B, | BREEON Sl B bBIET | D

a shi el d spegification 4md ddeempphying draseinggnsor, the greater the inmage current.
As shown In Fig. 4, the image current 86 will have a hi gher magnitude than
the image current 88 since the first shield layer S1 is closer to the spin
val ve sensor than the second shield layer S2. It is these unequal distances
whi ch asynmmetrically |ocate the spin val ve sensor between the first and
second shield layers S1 and S2.




-10- " The invention relies upon the fields produced by inmage
currents 86 and 88 in the first and second shield | ayers S1 and S2,
respectively, for opposing the stiffening field 84 i nduced in the free
| ayer. Each of the inmage currents 86 aE% 88 produces a field across the
spin val ve sensor parallel to the ABS and

Pel'd s CThe mage T el 4 92 caused by e | mge 2Lﬂ|ﬂ|ﬂ‘mmuﬂmﬁﬂ fening

parallel to the stiffening field 84 whereas the fieltd 94 dauded®by*the

i mage current 86 will be anti-paral CBAIMSthe stiffeni ng field 84. \Wen

t he spin val ve giﬁrl 40 is asymmetrically | ocated between the first and
second shield W}S M and 2 by being closer to the first shield | ayer
S1, as shown in Fig. 4, the image field 94 will be greater than the inmge
field 92. The degree of asymmetry can be varied between that val ue which
produces a resll t anniarthpgohalspih ejvertead headyithtandir bearingesusface (ABShg fiel d
84 to conpl etel.y counterbal ance the stiffening field, and sone | esser val ue
t hat prov Qi’é%“séa/%redeterrﬁned stiffness to the free Iayer The first
and second gap nﬁm & are generally the sane thickness, usually
about 0.1 [errT In order fo provide additional distance betmeen the spin
val ve sensor afitst ané sedondhgapdayers.dedch\gapdayes balingsa thiekness;ond shiel d | ayer

S2, a md-gap the thickness of the first and second gap layers being different;

the spin valve sensor being sandwiched between the first and second gap layers
to provide first and second gaps;

first and second shield layers; _

the first and second gap layers being sandwiched between the first and second
shield layers: ‘ :

first and second leads for conducting a sense current through the spin valve
sensor; and | i

the thicknesses of the gap layers being selected to produce a counter-field
which opposes a stiffening field produced in the spin-;alve sensor in response to the

sense current.

2. A combined MR read head and inductive write head including the MR
read head of claim 1, the combined head comprising:
an inductive coil embedded in an insulation stack;
the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and .
" the first and second pole pieces being spaced by a third gap layer at the ABS.

-

3. A magnetic disk drive including the combmed head as claimed i in clalm

1, the drive comprising:



(M3 ‘insulation | ayer 90 may be provi ded between the spin val ve sensor and
t he second gap layer &. Wth this arrangenment the field fromthe inmage
current 88 in the second shield layer S2 has |less of an effeet—on"the free -
| ayer 70 than the field fromthe image current 86 in the firs | ayer
S1. In our invention, the thicknesses db-the gaps g “ﬂgﬁ‘

sel ected so that H[err] the resultant field produce I el ds,

in the foIIOW| ng forrrula is substantially zero or song pre et erm ned val ue:

Herr] = JF/ 2 (fp‘{ff - glerr]) / (g9[err] + g[err])] + (J[err] + J[err])

(g[err]/g[err] err]) wher e; Herr] =the resultant field
i nduced in theafsﬁgitnlslayranounted on the Emme]foxzsmmmrnmg tlmrnomlansd tyad;n the free
| ayer; Jlerr] = the gurrent densi Qpltl!;'e%r acer err] =

| a
the current deRSAiYn MPVREMSARTBAURY Tbr moving &' ms mag‘b*[“&‘?’fdm
t hi ckness of J‘@or&mbfﬁ?ﬂ h9a® in 8hnsducing réltRnShipthé&ithhi ckness of the second
gap (@& +P e currents I n t%’ue free, spacer and pi nned | ayers are
expressed as Apusifiening nintarisr eminected to the suspension for moving the head to a
position with respect to said moving magnetic medium; and
means connected to the head, the magnetic medium moving means and the
positioning means for exchanging signals with the combined head, for controlling
movement of the magnetic medium and for controlling the position of the combined

head.

4. An orthogonal spin valve read head as claimed in claim 1 wherein:
each of the first and second shield layers having a magnetic moment which is

directed at an acute angle to said ABS.

5. An orthogonal spin valve read head as claimed in claim 1 wherein:
the thicknesses of the second and first gaps have thicknesses in a ratio g,/g, of

substantially four.

6. An orthogonal spin valve read head as claimed in claim 1 wherein:
the spin valve sensor includes an antiferromagnetic layer, a pinned layer,
having a magnetic moment pinned by the antiferromagnetic layer, a free layer, having
a magnetic moment which is free to rotate in response to an external magnetic field,
“and a non-magnetic spacer layer, the spacer layer being sandwiched between the
pinned layer and the free layer;
the sense current being conducted through the pinned, spacer and free layers,
the sense current through the pinned and spacer layers causing said stiffening field and

the sense current through the free layer causing an image current in each of the first



wi dt K of t hese | ayers. Exanpl e:
o Sy R o e o o v o L,
25A, first gap layer GL = 0.1 [err]fq &nd= " ° °

second gap layer & = 0.1 [err]m For agurrent density J due to the sense
current I[err] =3 x 10[err] AMerr] J[err] = 1500 A/m J[err] = 1500 A/'m
and J[err] = 750 A/lm Wth these values the ratio of the total of the

t hi cknessggqaf; cand er. the md- er 90 rel.ative to
the first gap FEJ;%?@ lglg{ks’ho%% %U%Egsglgﬂgqggn"@eseﬁg?ggﬁﬁekig%y?r&rprpf‘é?l?% = 0,
wher e t heraendt Smage fitldf faaddi ng of the magnetic nonment of the free |ayer, or
for sone value of Herr] which provides a predeterm ned stiffening thereof.

The val ues accdh‘%iﬂﬁ@kﬂeéseﬁrﬁ@hq!/ shand s&p@dsmﬁym ilsisglecmd sshiheh saitl gwes
H . e WD ven. thi o
A for H e ie iR BRI C ki Baices ol dieteaine Beld ity BE fredeyer 1y i

whi ch, when added to the thickness of 0.1 [err]mof the second gap |ayer
&, provides 0.4 [err]mdistance between the spin valve 40 and the second
shield layer SZ-and Ashpythogonal spin]valvecread dead he chpmed im klagmhevheteinf i r st

shield layer S | stances. are. sured froma, center of. the spin
val ve sensor 4 %Es;ggﬁg’\?\nglhi%n? gt g‘.’m nﬁ‘g’etﬁf ﬁ%acFﬁf%fﬁﬁ’B%Ssa st dersitidsyal ve
sensor i sanéghd pinhtd layehad & chiredbnSRE 9NGng@aps glerr] and glerr] in Fig. 4

are shown as 0.1 [err]mand 0.4 [err]mrespectively for conpletely
count er bal anci il sses P& thenfirst prd second gap dastrdheinp selsetnd o dhatrBnin

‘the following formula is substantially zero:

H, =32 [(g-g)/ (g + g1 + s + Jp) (8/g) + ) .

where:

H, = the resultant _ﬁeld induced on the free layer;
J¢ = the current density in the free layer;

Js = the current density in thé spacer layer;

Jp = the current density in the pinned layer; _.
g, = the thickness of the first gap; and

g, = the thickness of the second gap.

8. A combined MR read head and inductive write head including the MR
read head of claim 7, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and

second pole pieces; and

the first and second pole pieces being spaced by a third gap layer at the ABS.



<12-7 Fig. 7 illustrates the opposition of the fields Herr] in the
free layer due to the sense current on one hand (-Herr]) and due to the-

i mage currents on the other hand (+Hz). These fields a” m”y '
polarity and they will counterbal ance each ot her (maki ﬁmﬂgmnm,imen
they are equal. Wien this occurs therelfs no stiffening of°the magmet

nonment of the free layer due to the fields fromthe AFM pinned and spacer
| ayers when the sense current is conducted therethrough. As shown in

Figs. 10-13, the fi iSkhagmdicdekaitvedasluliny ehscdalbiabdihéad Rictied v et t h
vias for connecting the first lead 80 to the first and second shield | ayers
S1 and S28, thedlsivgiaegipyisinghese shiel d | ayers can then be enpl oyed as one of
the leads to thf\.rdri_ve el ectronics 36 for the sense current. The other | ead
82 will extend®to {he drive electronics 36 for a return pat h. There

are ot her magngtshgpehsioh dsoumtéd o tiframe for agpoaiter thd wenibinddigead; nned
magneti c nonent of the pinned layer. As shown in Fig. 5, ferromagnetic

coupl i ng pr oduBidiven mavingraginsuneuntedpp the feame formeviag pmeagnetig &rediifnch i s
paral | el éé’t*tﬁ‘eec i éhgamrrg;%nguc}nger Pa'tiB{%ﬁH @& Another field is
XSt e plnne gue 0] P

pr oduced ernal to aye tS nmagneti c nmoment which

traverses the pedigétingfmédie donfectedterthe auspension fop hbdingGthetlidad fo @l d is
referred to_as a_demagnetizing field Herr]. These fields, unlike the
af or ement PesHdRn itk rgspect ko, gaid maying magnelic medinm; ande not generated by the

sense current LLGes bonnebfediss HEHeB M rhalbed Wioch i TRBRAG Shdeis SRRE D

field Herr] a
positioning means for exchanging signals with the combined head, for controlling

movement of the magnetic medium and for cbntrolling the position'of the combined .,
head.

10.  An orthogonal spin valve read head as claimed in claim 7 wherein:

each of the first and second shield layers has a magnetic moment which is
directed at an acute angle to said ABS.
11.  An orthogonal spin valve read head as claimed in claim 10 wherein:
the second and first gaps having thicknesses in a ratio g,/g, of substantially

four,

12. A combined MR read head and inductive write head including the MR
read head of claim 11, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and

the first and second pole pieces being spaced by a third gap layer at an air

bearing surface.



demagneti zation field Herr] counterbal ance one another to ‘agai n inprove
the sensitivity and biasing of the free | ayer. 77 1I'n some enbodi ment s

it may be desirable to cant the easy axis or direGig f tygg nonent
of each of the first and second shield | ayers S1 ﬁmawmﬂﬂm e, (such
as 45[err]) to the ABS, as shown in Figs- 8 and 9,+i1nc orndem te establish a
desired perneability (say, 1000) within the shields. It should be

evident that the present invention provides a novel and unique arrangenent

of conponent s figr amh prachARONaL a0k MhokhoPb SBHEA oL el RYPTOQEES | he

probl em of stiffening the nmagnetic nonen ree layer in e spin valve
sensor 12, the drive comprising: -13- due to
conduction of a sense current through the AFM pinned and spacer |ayers in
the spin val ve@&H8%r. By selectively asymmetrically locating the spin

val ve sensor bgt éﬁ?ge{hg@emgﬁﬁté& oftfle ?l%ﬁfégfg)r ?gﬁ[gdrrggg %ee EGinbind h[%géi'f fening

field can be comp neutral1zed so no rinpact on the free

| ayer; alter namediiy rdwing triehhsimongtet ionlthe framelfor ARivitigdd AREnéic Medium
pr edet er m ned magngl ude in order to stabilize the free |ayer.
Cearly, Befidhe eombmeddiad inadransdicing mlatinnshiprtheremdthi nvention will occur

positioning means connected to the suspension for moving the head to a
position with respect to said moving rﬁagnetic medium; and

means connected to the head, the magnetic medium moving means and the
positioning means for exchanging signals with the combined head, for controlling

movement of the magnetic medium and for controlling the position of the combined #
head.

14.  An orthogonal spin valve head, comprising:
a spin valve sensor; i
a first shield layer;

a second shield layer; and
leads for conducting a sense current through the spin valve sensor,

the spin valve sensor being asymmetrically positioned between the first

shield layer and the second shield layer.



readily to those of ordinary skill in the art in view of these teachings.
Therefore, this inventionis to be |limted only by the follow ng clains,
whi ch include all such enbodi mrents and nodi ficati ons when viewed in
conjunction wth the above specificatign and acconpanyi ng draw ngs.

- 14- B aawms VEE CLAI M

1. An orthogonal spin valve read head with an air bearing surface (ABS),
COMpri SING: | o BIGHEY SENSMAVICORTHOGONAL SPINVAPVERIEATS gap |ayers,
each gap Iayer aV|ng a I ckness he thickness o e first and
second gap | ayers being different; t he spin_val ve sensor being
sandwi ched between the first and second gap layers to provide first and
second gaps; first ABSTRACTH OKTHE DISCHOSEURE the first and

second gap | ayers bei ng sandwi ched between the first and second

An orthogonal spin valve read head is provided wherein a spin valve sensor (40) is
asymmetrically located between first and second shield layers (S1,S2) so that image
currents in the first and second shield layers (S1,52) produce a resultant image field
which partially or completely counterbalances a stiffening field from antiferromagnetic
(74), pinned (72) and spacer (76) layers in the MR sensor when sense current is
conducted therethrough. Accordingly, the spin valve sensor (40) may be located a
greater distance from the second shield layer (S2) by providing a mid-gap layer between
the spin valve sensor (40) and a second gap layer (G2). In one example, the total
thickness of the mid-gap and second gap layer (G2) is four times as thick as the first gap
layer (G1) which results in the image fields from the first and second shield layers
(S1,S2) completely counterbalancing the field from the antiferromagnetic (74), pinned

(72) and spacer (76) layers due to the sense current.

FIG. 4



shteld | ayers: first and second | eads for conducting a sense current
t hrough the spin valve sensor; and the thicknesses of the gap |ayers
bei ng selected to produce a counter-field which opposes a stiffening field
produced in the spin valve sensor in response to the sense current.

2. A conbi ned MR read head and i nductive wite head including the MR
read head of claim1l1, the conbined headl£pnpri sing:

nrEg?inductive
coil enbedded in an insul ation stack; t he insulzggﬁ' ack and the
i nductive coil being sandwi ched between first and seco pol e pi eces; and

the first and seTeﬁd—pe+e—p+eees—be%ﬂg—sp -by—a—tht rd—gap—t+ayer—at the
ABS. 3. " 24 e ic di drive cl udi ng the conbi ned heafl as

claimed in claiﬁ11, f € ] DRIVE
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a frdne; a suspension nounted on the frame for supporting the

conbi ned head: medi um novi ng nmeans nounted on the franme for noving a
magneti ¢ nedi um past the conbined head in a transducing relationship
t herew t h; posi ti oni ng means connected to the suspension for noving

the head to a position wth respect to said noving nagnetic nmedi um and
nmeans connected to the head, the na ??jc medi um novi ng nmeans and the
posi tioning means for exchangi ng sig%a s with the conbi ned head, for
controlling novenent of the magnetic nmedium and for controlling the

position of the conbined head. 4. An orthogonal spin valve read
head as clainmed in claim21 wherein: each of the first and second
shield | ayers having a nagnetic nonent which is directed at an acute angle
to said ABS. 5. An orthogonal spin valve read head as cl ai ned
in claiml wherein: t he thicknesses of the second and first gaps
have thicknesses in a ratio g[err]/g[err] of substantially four.

6. An orthogonal spin valve read head as clainmed in claim21 wherein:

the spin val ve sensor includes an antiferromagnetic |ayer, a pinned | ayer,
havi ng a magnetic nonent pinned by the antiferromagnetic |ayer, a free
| ayer, having
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_a neEgnetic nonent which is free to rotate in response to an external
magnetic field, and a non-magneti c spacer |ayer, the spacer |ayer being
sandwi ched between the pinned | ayer and the free | ayer; t he sense
current being conducted through the pinned, spacer and free | ayers. the
sense current through the pinned and spacer |ayers causing said stiffening
field and the sense current through Ebg,free | ayer causing an inage current
in each of the firsgy _
- 16- and shield | ayers, the image currents in the first and second shield
| ayers producing a met image field; and t he thicknesses of the
first and second gap| | ayers is selected so that said net inmage field
substantially countefbal ances said stiffening field across the free |ayer.
7. An o#Ph pin valve read head as clained in claim®6 wherein

the free layer hag/a current density J[err], the spacer |ayer has a current
density J[err], And the pinned |ayer has a current density J[err]; and

the thicknese#s of the first and second gap | ayers being selected so that
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‘the following fornula is substantially zero: Herr] = Jferr]/2
[(g[err] - glerr]) / (glerr] + glerr])] + (J[err] + J[err]) (g[err]/glerr]

+ glerr]) wher e: Herr] = the resultant field induced on
the free |ayer; Jlerr] = the current density in the free | ayer;
J[err] = the current density in the spacer |ayer; J[lerr] = the
current density in the pinned Iayerﬁ/ glerr] = the thickness of the
first gap; and glerr] = the tﬁ?ckness of the second gap.
8. A conbi ned MR read head and inductive wite head including the MR
read head of claim 7, the conbined head conpri sing: an i nductive
coil enbedded in an insulation stag&% the insulation stack and the
en first and second pol e pieces; and

i nductive coil being sandw ched be
the first and second pol e pi eces b?

ng spaced by a third gap |layer at the
ABS.
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.9. " A magnetic disk drive including the conbined head as clainmed in claim

8, the drive conprising: a frane; a suspensi on nounted on the
frame for supporting the conbi ned head,; medi um novi ng nmeans nount ed
on the frane for noving a magneti c nmedi um past the conbined head in a
transduci ng rel ationship therewth; positioning neans connected to

t he suspension for noving the head L§%F7position wWth respect to said
novi ng nagnetic!gg&%ﬁnj and ns connected to the head, the
magneti c nedi um, g neans and the positioning nmeans for exchanging
signals with thd conbi ned head Qr controlling novenent of the magnetic
medi um and for I'ng the positron of the conbi ned head. 10.
An orthogonal sgin valve read head as clainmed in claim7 wherein:

each of the firdt and second shield | ayers Has a nmagnetic nonment which is
directed at an dcute angle to saiAf ABS. 11. An orthogonal spin
val ve read head jas clainm&] in aim 10 wherejn: the second and first
gaps having thidknesses in ratio g[err]/g[frr] of substantially four.

12. A conbi ned MR read head and i nductive ite head including the MR
read head of claim1l, the conbi ned head conpri sing:
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‘an inductive coil enbedded in an insulation stack; the insul ation
stack and the inductive coil being sandw ched between first and second pol e

pi eces; and the first and second pol e pi eces being spaced by a third
gap layer at an air bearing surface.

- 18- 13. A magnetic disk drive including the conbined head as
claimed in claim 12, the drive conprési/mg: a framg; a
suspension punted. on he ane 0 Nporting he ombhined _head:

medi um novi g nmeans nounted on the franme for noving a nmag j i um past
t he conbi ned head in a transducing rel ationship theremﬁthgﬁ%k%tﬂﬁd

posi tioni ng\neans connected to the suspension for noving the head to\a
position with respect to said noving magnetic nmedi um and means
connected to\the head, the nagnetic npdiummnovi ng neans and t he posit} oni ng
means for exghangi ng 5|gnals mnth t he cpﬁbl ed head, for controlling

nmovenent of Hre—raere rethtHhrand—He oH-+re—the—poesition—- he
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head. 14. An orthogonal spin valve head, conprising: a spin
val ve sensor; a first shield |layer; a second shield layer; and
| eads for conducting a sense current through the spin valve sensor,

t he spin valve sensor being asymmetrically positioned between the first
shield | ayer and the second shield | ayer.
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