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BACKGROUND OF THE INVENTION

25 The present invention relates, in general, to the
field of magnetoresistive ("MR"), giant
magnetoresistive ("GMR") and spin valve ("sv") type

devices for use as magnetic "read" heads in computer

mass storage devices such as disk and tape drives.

30 More particularly, the present invention relates to a
magnetoresistive sensor having a concave shape in the

- plane of the element in order to achieve a
substantially single magnetic domain state and thereby



sensitivity exceeding that of inductive or other thin 5 film heads.

In operation, an MR sensor is used to detect magnetic field signal changes
as a function of the direction and anount of nagnetic flux being sensed. It
is al so known that for an MR sensor to function effectively, it nust be
subjected to a 10 transverse bias fietd to linearize its response.
Various techniques for effectuating such transverse biasing are known,
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bias field is applied normal to the plane of the

15 magnetic media and parallel to the surface of the MR
sensor.

It is also known that an MR sensor may be
utilized in conjunction with a longitudinal bias field
extending parallel to the surface of the magnetic

20 media and parallel to the major axis of the MR sensor.
Stabilization of MR sensors by means of a longitudinal
bias field is necessary for their application in high
track density disk drives in order to suppress
Barkhausen noise. Barkhausen noise results from

25 unstable magnetic properties such as mnulti-domain
states within the MR element which may appear, for
example, following a magnetic disturbance from an
associated write head or other external magnetic field
source.

30 In this regard, magnetoresistive and spin valve
magnetic recording "read" elements are commonly
stabilized with antiferromagnetic ("AF") materials
such as ferromanganese ("FeMn") or a permanent magnet
("PM") layer comprising cobalt platinum ("CoPt"),

35 ° cobalt platinum tantalum ("CoPtTa™) or cobalt platinum
chromium ("CoPtCr") in order to pin the off-track
boundaries and obtain a single magnetic domain state



3 throughout the active MR elenent. However, the effectiveness of
such boundary bias approaches dimnishes in the center of the active
region due to the fact that the flux rapidly |eaks out of 5
conventional ly shaped (rectangul ar or convex) elements as the distance to
t he boundary increases. This undesired flux | eakage results in
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active 35 magnet or esi stive region having interconnecting first and
second side portionshe gieyeadf invention utidisegnatcomsass ishapeegoon
conpri ses an aCtlveré5f§e an effective bias field in the center of the
15 active MR element in order to obviate multi-domain
states. Utilizing a concave shape as proposed herein,
the "stripe height" of the element is at a minimum in
the center and increases toward the off-track
boundary. In a preferred embodiment, a substantially
20 constant effective longitudinal bias field is obtained
throughout the active MR element if the stripe height
increases as an exponential function of the square of
the off-track distance. '

In a preferred embodiment, the concave shape may

25 curve substantially parabolically towards the center
of the air bearing surface ("ABS") and the gradient of
free poles that'results from this shape induces an
effective bias field for the entire active region of
the element thereby providing more robust magnetic

30 stability for the MR elemeént.

Particularly disclosed herein is a
magnetoresistive sensor having first and second
longitudinal biasing elements disposed adjacent
opposing first and second end portions of an active

35 ° magnetoresistive region having interconnecting first
and second side portions thereof. The
magnetoresistive region comprises an active track
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itself will be best understood by reference to the
following description of a preferred embodiment taken
in conjunction with the accompanying drawings,
wherein:

Fig. 1 is a simplified, cut-away, top plan view
of a conventional disk drive constituting one
application of the concave MR element of the present
invention as a magnetic "read" head;

Fig. 2A is a simplified air bearing surface
("ABS") view of a permanent magnet biased MR element
comprising a soft adjacent layer ("SAL") and overlying
magnetic spacer layer ("MSL") in conjunction with an
MR layer to produce a magnetoresistive structure
("MRS") ;

Fig. 2B is an additional simplified ABS view of
a permanent magnet biased MR element wherein the MR
layer is shortened with respect to the underlying SAL
and MSL layers to produce a flux closure design;

Fig. 3A is an isometric view of the MR element of
Fig. 2B further illustrating the separation layer
between the ends of the MR layer and the permanent
magnet layers as well as an alternative placement of
the conductors contacting the MR layer and defining
the track width of the active region:

Fig. 3B is an additional isometric view of an MR



the track width of the active region; Fig. 3B is an additional isonetric
view of an MR 5 elenent having an elliptically shaped conductive region
in accordance with a particular enbodi ment disclosed in the aforenmentioned
United States Patent No. X, XXX, XXX whi ch has significant advantages in 5

| owering the demagnetization energy density near the nagnetoresistive
conductive region-to-permanent nmagnet region junction; and Fig. 4 is a
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Fig. 1, a si rrpllfﬁ%timftmuncaﬁ/w t3 pl an view of a disk drive 10 is shown
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t he di sks longitudinal bias technique:
Fig. 5 is an additional simplified isometric view
of a Spin Valve type Giant Magnetoresistive sensor
15 having a concave shaped free layer in accordance with
another embodiment of the present invention; and
Fig. 6 is a cut away side elevational view of the
Spin Valve sensor of Fig. 5 showing the same in
conjunction with a pair of first and second shields.
20

DESCRIPTION OF A PREFERRED EMBODIMENT

With reference now to Fig. 1, a simplified, cut-

away, top plan view of a disk drive 10 is shown for

25 possible use in conjunction with the MR sensor of the

present invention. The disk drive 10 comprises, in

pertinent part, a number of disks 12 which are rotated

about a central axis. A read/write head 14, which may

include an MR sensor in accordance with the present

30 invention as a '"read" element, is positioned by means

of a positioner 16 with respect to a number of

concentric data tracks on the surfaces 18 of the disks

12 to enable data to be written to, or read from, the

magnetically hard surfaces 18 thereof. The MR sensor

35 hereinafter disclosed may also be utilized in

conjunction with tape drives and other computer mass
storage applications as well.



12 to enable data to be witten to, or read from the magnetically hard

surfaces 18 thereof. The MR sensor 35 hereinafter disclosed nay also
be wutilized in conjunction with tape drives and ot her conputer nass
storage applications as well. 6 Wth reference additionally now to Fig.

2A, an MR sensor 20 is shown. The MR sensorg 20 conprises, in pertinent
part, an MR | ayer 22 overlying a magnetic spacer |ayer ("MSL") 24 and

underlying soft adjacentiéh refdrayie 2dd(itiAnally hbe t&rERy] RS an2iR26
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providing a transvgide deifanet *Hd€off-track boundaries of the active
region of the MR sensor 20. Contacts 32 may provide

15 electrical connection to the permanent magnet regions
30 as shown with the track width of the MR sensor 20
being substantially the distance between the contacts
32 of TW, and the length of the MR layer 22.

With reference additionally now to Fig. 2B, an

20 alternative embodiment of an MR sensor 40 is shown
incorporating a natural flux closure design as
disclosed in United States Patent Application Serial
No. 08/461,874. The MR sensor 40 comprises, in
pertinent part, an MR layer 42 shortened in length and

25 overlying a magnetic spacer layer 44 and underlying
soft adjacent layer 46. The three layers 42-46
comprise a magnetoresistive structure with the soft
adjacent layer 46 providing a transverse bias to the
active MR layer 42.

30 As disclosed in the aforementioned United States
patent and patent applications, a pair of separation
layers 48 overlie portions of the magnetic spacer
layer 44 and also provide spacing between a pair of
opposing permanent magnet layers 50 and the end

35 portions of the MR 1layer 42 at the off-track
boundaries of the active region. As in the preceding
embodiment, contacts 52 may provide electrical



active MR | ayer 42. 30 As di sclosed in the aforenentioned United
States patent and patent applications, a pair of separation |ayers 48
overlie portions of the magnetic spacer |ayer 44 and al so provi de spacing
between a pair of opposing permanent magnet |ayers 50 and the end 35
portions of the M layer 42 at the ©w®ff-track boundaries of the
active region. As in the precedi ng enbodi nent, .contacts 52 may provide
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68 at the off-track boundaries of the active region of
the MR sensor 60.

15 In this embodiment, contacts 72 (shown in
phantom) may overlie and provide electrical connection
directly to the MR 1layer 62 as opposed to the
configuration of the preceding Figs. 2A-2B in which
they overlie the permanent magnet layers. The track

20 width of the MR sensor 60 is then substantially the
distance between the contacts 72, or TW; with the
stripe height given as the distance SH,.

With reference additionally now to Fig. 3B an
additional isometric view of an MR sensor 80 similar

25 in structure to the MR sensor 60 of Fig. 3A is shown
wherein the MR sensor 80 active region has a
substantially elliptical shape. MR sensor 80 includes
an elliptically patterned MR layer 82 overlying a
magnetic spacer layer 84 which, in turn, overlies a

30 soft adjacent layer 86. A pair of conformably shaped
permanent magnet layers 90 provide longitudinal bias
to the MR layer 82 and are separated therefrom by
correspondingly shaped separation layers 88 at the
off-track boundaries of the active region of the MR

35 sensor 80.

In this embodiment, the off-track boundaries of
the active region of the MR layer 82 vary between a



25 in structure to the MR sensor 60 of Fig. 3Ais shown wherein the MR
sensor 80 active region has a substantially elliptical shape. MR sensor 80
includes an elliptically patterned MR | ayer 82 overlying a nmagnetic spacer
| ayer 84 which, in turn, overlies a 30 soft adjacent |layer 86. A pair
of conformably shaped pernmanent magnet |ayegs 90 provide |ongitudinal bias
to the MR | ayer 82 and are separated therefrom by correspondi ngly shaped
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100A- 250A With reference now to Fig. 4, an MR sensor 100 in
accordance with the present invention is shown wherein
15 the active region has a concave shape in the direction
of the ABS. MR sensor 100 includes a concave
patterned MR layer 102 (which may be generally in the
range of 200A~500A of ©NiFe or other suitable
ferromagnetic material) overlying ‘a magnetic spacer
20 layer 104 (which may comprise approximately 100i4-2504
of Ta or other suitable magnetic spacer material)
which, in turn, overlies a soft adjacent layer 106
(which may be generally in the range of 200A-500i of
NiFeMo or other suitable soft magnetic material). A
25 pair of permanent magnet 1layers 110 (which may
comprise CoPt, CoPtCr, CoPtTa or other suitable
permanent magnet material) provide longitudinal bias
to the MR layer 102 and are separated therefrom by
separation layers 108 at the off-track boundaries of
30 the active region of the MR sensor 100. The
separation layers 108 may, in a preferred embodiment,
comprise a nonmagnetic material such as chromium of on

the order of approximately 50A-250A in thickness.
In this embodiment, the shape of the active
35 region of the MR layer 102 varies between a median
stripe height of SHyy and a stripe height of SH,, at
the off-track boundaries adjacent the permanent magnet



of Ta or other suitable magnetic spacer material) which, in turn, overlies
a soft adjacent |[ayer 106 (which may be generally in the range of 200A-500A
of NiFeMo or other suitable soft magnetic material). A 25 pair of

per mmnent nmagnet layers 110 (which nmay conprise CoPt, CoPtCr, CoPtTa
or other suitable pernmanent magnet naterlag) provi de Iongltudlnal bias to
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and a stripe he|BﬁtSBfaBﬁ[@?Y]bStsPﬁétBFFlf}%ﬁk?%k&ﬁﬁﬁﬁ§¥ﬁ$4mﬁ &neSt he
per manent sagnetwe119 | ayers 110 The Iength of the actlve region ("ARL")

inth nmbod t illystrat d tanti.al | t I

enbod; ment of | Fig.  3BUH Choth FTE AR AMHBH LBE G0 ARy TRAPDES S ubRT Al al |y
elliptical in shipgeas 192 vamids . shhsaapteahlyegaeaboﬂlaehlytbe shepe of
the MR layer 1024yakl, géesuggtaghlalG£ngggab%klcghgy %%t&@% dbghgncqfto t he

center of the active zone IS decrea ed. e, a conceptual i dea
shape 10 nayde§§ea§é@hved31fPé@?thme-eipéﬁéﬁ??&#ﬁ}lYlAéﬁéésﬁﬁgpﬁunctlon

of the diggance Hagm Hhe 869i9éd|'9§oﬁf dhe éﬁﬁdﬁ@hifﬁlﬁ?W %%H%@Qéln Thi s
shape provides for a uniformeffective bias field throu ?ut t he Iayer
5

22 that will effEBPFFP) SfiebBeoGistémsen them £hen cenketsline o fhey rent
state (@=0 nn)aendvhasrayikait equabaace ofhiesshapeg provaddsngier damain

state when the blgiform effective bias field throughout the MR layer
22 that will effectively sweep out domain walls in the
15 zero current state (@I=0. ma) and has a better chance
of resulting in a single domain state when the bias
current is turned on.
For exampié, suppose that the MR stripe height
(S) is given by:
20

S =s"exp(K*(X**2)) micrans (Equation 1)

where: X= distance from the center 1line, K is the
25 spatial constant of the exponential curve,
and s (or SHyy in Fig. 4) is the height at

the ceﬁter.

When the structure is fully saturated in the X
30 direction (to Ms), in the zero current state, the flux
density in the gap, B, must accommodate the change in
cross~sectional area with position. It is given by:

B= (dS/dX)*Me*T(2.*S) {Equation 2)
35

where: T=thickness and the 2. comes from the two

gaps, top and bottom.



current is turned on. For exanple, suppose that the MR stripe height (S) is
given by: 20 S =s*exp(K*(X**2)) m crons (Equation 1)
where: X= distance fromthe center line, Kis the 25 spati al
constant of the exponential curve, and s (or SH err] in Fig. 4) is the

hei ght at the center. Wen the structure igqofully saturated in the X 30
direction (to Ms), in the zero current state, the flux density in the gap,

B, nust accommpdak@pkketGBaBEE olfh thle0FesBrdt Dha oﬁr%gu%tlbnpo(sl)tlpﬁto” i's
given by: B = (dS/ dX) uation 2) 35 where:

T=t hi ckness and tﬁg“?tlEBm&:g)f%bﬁ??he two gaps, top and bott om 10
Substitution of the derivative of equation (1) into equation (2) gives: B =

X*K*Ms* T 8= X'K'MsgeT (Bquation 3) 5 This é&@g(tp&qls”y S
driven acrogs the gaps by a magnetic potential difference, V. I s given
by (note t Rat Bgap=Hgap in air and there is a substituti on from

equation (3)): 10TH%s Ci‘ll?ux- &%Kﬁ%*}f& driven across the (d=ipeit bgn &)
where: G= the read 8a§ 'g}?; pé) tlal var |r¥es [ £an; |1 near f Shl on
across the width Bf9f ELE/RH LT gPear et of hlﬁspgtlé(ﬁpl ary
corresponds to a l(onget udial ég‘aep;tﬁg\a@ bi &s fiadixd, ai;dv\,hthbres disvem by

the derivative of sGAURLLAPi6A) from equation (3)):
10

V= G"B = X*G*K*"Ms*T (Equation 4)
where: G= the read gap.

15 This potential varies in an linear fashion across the
width of the MR layer 22. The gradient of this
potential corresponds to a longitudinal effective bias
field, H, which is given by the derivative of equation
(4):

20
H=  dV/dX = G*K*Ms*T (Equation 5)

For example, consider the case where G=.25u, T=.0S5u
and Ms=10,000 Gauss, and K=.l/u*u. In this instance,
25 the effective bias field at the center is:

H = 12.5 QOersteds

In the foregoing example, the large spatial constant
30 (K=0.1/u*u) in equation (5) leads to a bias field that
is more than strong enough to annihilate undesired
domain walls. For a stripe height of 1.%5u, the loss
of efficiency due to this increase in effective Hk is
only about 2.4% as will be more fully described
35 hereinafter. 1In practical terms, the optimum trade
off 1is a bias that is reliably sufficient to
annihilate domain walls in the zero current condition
and can be determined experimentally with bare MR



20 H=dV/dX = G-K*Ms*T (Equation 5) For exanple,
consi der the case where G=.25u, T=.05u and Ms=10, 000 Gauss, and K=.I|/u*u.
In this instance, 25 the effective bias field at the center is: H=
12.5 Cerstends In the foregoing exanple, the large spatial constant 30
(K=0.1/u*u) in equation (5) leads to a biag,field that is nore than strong
enough to anni hilate undesired domain walls.” For a stripe height of 1.5u,

the | oss of efficj €110 at RS- 4 M &ASEdb Ef f gCh ' out
2.4%as wll be rr%?%%ﬁ]ggy lhesac?dlqg‘eédmgl‘s dfghe}:ei nﬁf %,g?g %:ir?llglr% %Itc}g%)
terms, the optinueFdetdefofk (8-@- mt RexFedsk T IRRAANELY reenTidenasd

anni hil ate domai ntyables ddedltfcez eiRd CHr Iedtis i &£ OR=aNd 30 +RE wiairy M ned
experinmentally with bare M .eLgmePt shtﬂ a Ker €1 croscope. A bias field
of the order of HELY®. . Px38cflftdsyrit b?e@%?ﬁ‘f‘éu ®nhsidered to be adequate

and a constsnt of K=0. 832/ sthwehwall Tbwi valaebiocfs K, etheokexpinentdgni titgde. 5
For such a | ow val ue of .K_ t nential _i r to t of .
T S L

) v clos a .

si npl e par abol a. %’):(%anal ng equa ="slerrlexp

+K*X* X + (K*X*X) *e@u@tion. (}) gEgesmtion 6) 10 or S =s(1 + KX*X)
approximately If the permanent magnet layers 110 are 3u fromthe center
line, then the total growth in stripe height in 15 goi fromt

center to the perr§a=n’eg‘f“(r’t‘ef&ﬁét("I"é&ér’s"(ffb %*33%for the a@%}}%ﬁle‘“}o mul a
(equation 19 and @8% for the parabolic approxi mation. For a stripe height

at the center of s=1.ou, this isn.gnly 0.5u's nmore at the PM At the |lead
contact boundary (es:Lg.é“ZO Q-&)Sap%,?@a: fromthe center line) the increase is

only 7% of
If the permanent magnet layers 110 are 3u from the

center line, then the total growth in stripe height in

15 going from the center to the permanent magnet layers
110 is 33% for the accurate formula (equation 1) and.
29% for the parabolic approximation. For a stripe
height at the center of s=1.5u, this is .only 0.5u’s
more at the PM. At the lead contact boundary (e.g.

20 1.5u from the center line) the increase is only 7% of
the center line stripe height SHypy.

When the sense current is turned on and the
magnetization rotates out to 45 degrees, the increase
in effective Hk will go down substantially. The

25 effective Ms*T in this condition is only 42% of the no
current condition as will be more fully described
hereinafter. Therefore, the reduction in effective MR
permeability is only 30% and not 50%. By adjusting K
to the minimum value that achieves reliable stability,

30 the impact on effective permeability can be minimized.
Even at 12.5 Oersteds of effective bias the loss of
signal is negligible and on the order of 2.4%.

The influence of increased bias on MR efficiency
may be explained as follows wherein the signal flux in

35 the shielded element is:

8= {Bo/{1.-expi-27c"s}}) "lexp(<*Y) - {8xp(c*Y)} *exp (-2%c™¢)) (Equation 7)



the center line stripe height SH err]. Wen the sense current is turned on
and the nmagnetization rotates out to 45 degrees, the increase in effective
Hk will go down substantially. The 25 effective Ms*T in this
condition is only 42% of the no current condition as will be nore fully
descri bed hereinafter. Therefore, the reducti»n in effective MR
pernmeability is only 30% and not 50% By adjusting K to the m ni num val ue
that achieves reli aletest abkl styip&theight he¥+ rizttarore effrfomcthaeABs, G=

perneability can be_ni njmi rst %;}cg e i t he
| oss of signal is %«? |(!'§11| b ggaﬁgyg#%mé%?gle@%f ,§_d4 e mFFéeﬁge 0
i ncreased bias on MR eﬂt?mmc‘ylmubetéxplﬁﬁlnew&s Aol ofs thfkerepatiak

signal flux in 35 gecah@skahicd reh@REMR idveR By _

(Bo/ (1. exp(- c*s))) (exp(-c*Y)-(exp(c*Y))*exp (-2%¥c*s)) (Equation 7)

12 where: s="stripe height, Y= distance fromthe ABS, G= gap, u= relative
pernmeabi lity, T= the-soRizkndss Sfmitdre MR el enent wit hout t héE@Mtios, 8 And
c= the spatial decay constant of the MR given by 5 c¢= SQRT(2./(QT)) =
.33/ mcron (Equation 8) For G=.25 mcrons, T=.03 mcrons and
u=2500. 10 Pr odPn &t 2t5hi“écir§“ﬁheTcopﬁe@tl%é’ﬂ‘soﬁ“éqﬁa?ﬁ%s fol | ows and
the elenment efficiency relative to the u=infinity nay be given as (note

Y20, to YosiP(0. 5 B3RGE  PhAkaisire oF efhe correce!'sfdld (Sgfationd™
(280*s) (Bo/ (1. - expfodews) )artd/ thé( eaxap(em:* Yo £ ki efigy Z?ela):).v{aertm] the
Equation 10) Eff=_( ** 2 * * tion
(11§I 20 Equatlz)ns 8uaﬁé%§kgg%g used %gl)elz/afu) P%J:teh%'%f% IZICI e?r) oss or
reduced effective peximam = OySdBe*s) :

15 Eff= (integral(B*dY) from Y=0. 10 Y =$)/(0.5°Bo"s) (Equation 9)
3
| .
. Eff= (2Bo"s)*(Bo/(1.-exp(-27c™s))*(1 /c)*{-exp{-c™Y)-exp(c™y-2%C"Y)) O (Equation 10)
Eff = (2.c%s)*{{1.-exp{-c*s))**2)/(1.-exp(-2*c*s}) (Equation 11)
20

Equations 8 and 10 can be used to evaluate the
efficiency loss for reduced effective permeability due
to a bias field. The bias field that results from a
parabolically shaped MR layer 102 is less when the
25 sense current saturates the soft adjacent layer 106 in
the Y direction and rotates the MR layer 102 to 45
degrees. In this condition the net magnetization in
the X direction is only 42% of the unrotated case.

30 Mbias/Mno bias = (Mmr*.707)/(Mmr + Msal)} = 707/(1.+.707) = .42 (Equation 12)

Therefore a 12.5 Oersted bias with no sense current
becomes a 5.2 Oersted bias with the sense current on.
If Hk is 4 Oersteds, then the effective Hk is 9.2.
35 . Therefore the permeability is 1087 and the spatial
constant ¢ is increased by a factor of the square root



to a bias field. The bias field that.- results froma parabolically shaped MR
| ayer 102 is | ess when the 25 sense current saturates the soft adjacent
| ayer 106 in the Y direction and rotates the MR |l ayer 102 to 45 degrees. In
this condition the net magnetization in the X direction is only 42% of the
unrot ated case. 30 Moi as/ Mho bias = (Wr*.707)/ (M + Msal) =

. 707/ (1. +.707) = 42 (Equation 12) Therefore.a 12.5 Qersted bias with no
sense current bec Sqa 2 Cer bi wi tdy tde ur pent a4l f HK
o4 Corsteds, hah tREZEfTectl Vi Tk | a6 p s TRREE] BEN 2
pernmeability is 198yshhtutiedspheral t¥ontadites ¢5 FndpbasEFUBFignt 46t or of
the square 100t £od3s0f,5MmPfons givddlerffeiencids dnIPamk Hid 9e%. 33.
Substituting these two values of c | atiop 10 for s=1.5 mcrons gives

¢ nto Equ
ef ficiencies of 95?%@6%BHV§%56r%%p%c??@%?§}°6r° PRWIctidhe of only 2.4% 5
Proof that fquati on 7 pBodheticat rBxpiataiqumt7i ds £he dorsedts dpldtawm fothe
signal flux density, B, | r os e in p : aha i.C
potential, V thatéaFgoaar&@g§§% dwnsyhg ? gﬁ%%t?iﬁg agﬁgé%?dYB‘ %%%:SBIU
(Equation 13) Theateekagehé|gap Bioregponse (o gapdgnatis hotentivlc vV
(Equation 14) 15 1 t stitution of Equation 14
and the integral %&Eq%ié%lléoiy 3§a%(%9‘§l'§?g?\l/§:ég%m§:h€*w6 =
(2/(Gu))*Integral (B*dY) (Equation 15) 20 Taking the derivative of
Equati on A@nd theyvisptegrtal, of Equation 7 gives: (Equation 13)
T*(Bo/ (1. -exp(-2c*s)*(-c*exp(-c*Y)+c*exp(c*Y-2*c*s))= 25
(2/Qu)*(Bo/ (1. -exp(-2*c*s))*(1/c)*(-exp(-c*Y)+exp(c*Y-2*c*s)) (Equation
16) The leakage flux, BfZ, is (2 gaps):

8¢ = 27V/G (Equation 14)
15

This flux subtracts from B (by substitution of

Equation 14 and the integral of Equation 13:

d(B T)/dY = Bl = 2*V/G = (2/(G*u)}*integral (B*dY) (Equation 15)
20
Taking the derivative of Equation 7 and the integral
of Equation 7 gives:
T*({Bo/(1.-exp(-2%¢c*s)=(c*exp(-c*Y) + ctexp(c*Y-2*Cs)) =
25
(2/Gu)*(Bo/(1.-exp(-27c*s))*(1/¢) *(-exp(-c*Y) + exp(c*Y-2°c*s)) (Equation 16)
Canceling terms gives:
30 T*c = 2/Guc (Equation 17)
Therefore we get Equation 8 squared, that is:
c**2 = 2/GuT (Equation 18)
35

Therefore Equation 7 and Equation 8 together satisfy
the differential equations. It is easy to verify that



Canceling ternms gi
(Equation 17) Ther

differential equat

per manent nagnet bias field, H at zero sens

di stance fromthe

conventional rectan

ves: 30 T*c = 2/ Quc

efore we get Equation 8 squared, that is: c**2 = 2/ QT
(Equation 18) 35 Therefore Equation 7 and Equation 8 together satisfy the

ions. It is easy to verify that 14 Equation 7 goes to
B=Bo at Y=0. and B=0. at Y=s. As foll ows, i& can be shown that the

E%?g}b“n?t Qét-gs(gqr%=so g{eﬂ@r é nBQO 84a£n @.-_EQ_“S for

el enen he magnetic tield of the pernanent

é current falls below Hk at a

magnet |ayers 110, parahfelfolbovhe MR ICaferbaoshovnr thasr Shiemmermanests ect
geometric variabl egagabta yilast e df ¥, (rder eagb fderad hgubbbhe FHauam by:

10 H = 800*exp(-6.
greater detail fol
Qersteds) atsl5

3* Cer st eds , - £E uat
PBHPH HK 136 18 SdSFarseefrey ¢
gr¥afeB4cHdrcinoBg miofohbBefspurarevent Jdred Birec alng@ 184

a hpn 19) Thi,s i s, derived
g RMMR | dupshmoto otk (4

In

field of ' f he f | f. bound bi | i '
but it docs not peREERAREST nto e MEGRAT Ve YLDt SR aNt: FRgDefocn

shown to not be a papbkesm 110, a pigsElgrehWheate ttthe pMRraniaper20 102, ndgret s

and el ectrical congﬁﬁggﬁzﬁgﬁgpgncé&@ggct 5E°£E£§ﬁéeg%5 i%?ﬁ%%,isa@ pgnal ty

I n the region near

0 excessive~“plas there. t

the bias is a hundéégtaneetefisX Witkcaans kehiren cthe M is givemmRy al nost

tw ce that ypen it

is on. From 25 Equation 11 above, this is the

poi nt where the efficiency falls bel ow 50% and there may al so.h

symetry probl em associ Af & HEH0 1 R as angl es in

15

20

25

30

e a
(Equation 19)

This is derived in greater detail following. It is
easy to verify that this is down to Hk (4 Oersteds) at
X=0.84 microns from the source. Therefore the PM
field of certain MR sensors performs the function of
boundary stabilization but it does not penetrate into
the active region. However, this has been shown to
not be a problem for a design where the permanent
magnets and electrical contacts are coincident. In
this regard there is a penalty in the region near the
PM due to excessive bias there. At 1/3u from the PM,
the bias is a hundred Oersteds whén the sense current
is off and almost twice that when it is on. From
Equation 11 above, this is the point where the
efficiency falls below 50% and there may also be a
symmetry problem associated with low bias angles in
this region, In any case, a dead region of 2/3
microns (1/3u on each side) is a substantial fraction
of a 2 u read width. By using the concave shape for
the MR sensor 100 disclosed above and a carefully
tuned permanent magnet layer 110 thickness (Mr*T just
sufficient) this problem can be avoided.

fromthe PM



this region. In any case, a dead region of 2/3 mcrons (1/3u on each
side) is a substantial fraction 30 of a 2 uread width. By using the
concave shape for the MR sensor 100 discl osed above and a carefully tuned
per mmnent magnet |ayer 110 thickness (M*T just sufficient) this problem
can be avoi ded. 15 Wth respect to Equaggon 19, the permanent nagnet

| ayers 110 to MR layer 102 junction can be thought of as a source of

lmigneti c Chargg (or flwixon ﬂ&ﬁiedﬁf dfolt sqﬁhuohsmr,agﬁe@améﬂmﬁvaalgmw 102
eaving a residu 5 unt. o ux, iven, by: F = nt T

- VBT * Tt - MBsall *'?:L%\Yers ’(]E([]r&aﬂ ﬁgfﬁ laypc \ﬁhdgzr «ﬁ’%%cﬁhe%uﬁ’r@e %he

t hi cknesses of t has persane® ofagagnheltdgechatdye, (bR Eayr) . 10stardt ddfst

adj acent | ayer 10 nd ngrgl pA alna e r i t and
saturation magnet?lza idlons. QNE ¥§§n%‘§n£€¥%pcﬁg?g%g§‘gur edﬂl%fert%ﬁfl ux
is repeatedty inagpeennt eheflstk ellls gYen PYernating signs and a hal f

period of 2*G (GMR to shield separation). For distances fromthe source,
X, the X conmponent of field as a function of X and Y (Y=0Q at the bottom
shield): 20 n=infinityF = MRem Tpm -MSmeTme -MSsai*Tsal (Equat i FEPBLIHK WA Ssum
(F/2*@*sin(n*Pi/2)*sin(n*Pi *Y/ 2*Q *exp(-n*Pi *X/ 2*G n=1 This is the
solution for Poisson's equation in two 25 di nensi ons for a periodic,
point like flux SHEER that emits a total flux of F. At Y=G (the plane of
the MR) Bi®&: n=inf. (Equation 22) 30 B( X) =

Sum  (F/2*GQ *exp(-n* Pif%ﬂ,z*q)mr, Tsal are the thicknesses of the
permanent magnet layers 110, MR layer 102, and soft
adjacent layer 106 and MRpm, MSmr, MSsal are the
corresponding remnant and saturation magnetizations.

15 The magnetic charge source of this flux is repeatedly
imaged in the shields with alternating signs and a
half period of 2*G (G=MR to shield separation). For
distances from the source, X, the X component of field
as a function of X and Y (¥Y=0 at the bottom shield):

20
n =infinity (Equation 21)
BX.Y) = Sum (F/2"G)"sin{n*Pi/2)*sin{n*Fi*Y/2°G) exp{-n"Fi*X/2°G)
n=t
This is the solution for Poisson’s equation in two
25 dimensions for a periodic, point like flux source that
emits a total flux of F. At Y=G, (the plane of the
"MR) B is:
n=inf. : (Equation 22)
30 B = Sum (F/2*G)*exp(-n*Pi*X/2*G)
n=odd
The lowest term in this series is just the Wallace
35 spacing loss equation for a bit space of 2*#G and the

derivation is required to get the proportionality
constant right.



n odd The lowest termin this series is just the Wallace 35 spaci ng

| oss equation for a bit space of 2*G and the derivation is required to get
the proportionality constant right. 16 B(X>QG = (F/2*Q *exp(-Pi *X/ 2*Q

(Equation 23) Using Equation 19 with all the nmagnetization equal to 10, 000

and the thickness of the permanent magnet 56 | ayers 110, MR | ayer 102,
and soft adjacent |ayer 106 approxi nmated as . 09, . 03, and

.02
m crons respectively, h R, as. m crons: B/u = H/g ¥ . 3*X)
Cer st eds (Equati on %Gaoﬁfzg&t'ﬁgéf"éﬁow ng di scussi on, (]tz eggjfﬁt%j)gf

effective bias field on MR bias point may be determ ned and the bias field

that is induced by et idh SRARALAS 211 the WEgReRSLAt1ON &?napecas 15
hi gh as 12 Cbrsteﬁgﬁfﬁpthe zé?o current g%ate mﬁ?ﬁgut chan%gn he bi as

point by nore thant® WYyr 884, ¥hes HEKFESSanbe R r BoFEG 9gadﬁ%’%?thg t he
MR | ayer 103 and sQfyeraslj magnivA auslerl @02t hiaplinesgesati9atent ol £ydhelde as
point to its present value.eég In a_soft adjacenf.|ayer biased
type MR sensor, tREPRRITANSEed ¥y t €% ree fdlres 8% he' BAL pPEEHE
current in the SAkespAmmnivdiey r ciral ithe gfapt s MRS miicdesls: its

demagneti zation field plus sin(Theta) *Hkeffective bal ances this. A
relatively uniform 25 distribution in the bias angle, Theta, is

achi eved by this. (NotB t Hatsood€preberitege= Hk+ Hshape + HPEMAHHPR 24X he PM
field in aglg ve region at the sense current bias point). To a first

approxi mation, the effective Hk at the bias point is Hk + Hshape. The shape

(or 30 stripe height) the fgljewing, dﬁ@éﬁfy?kﬁ(xth?))gf gct of
effective bias field on MR bias point may be
determined and the bias field that is induced by a
concave MR shape as in the MR sensor 100 can be as

15 high as 12 Oersteds in the zero current state without
changing the bias point by more than 5 degrees. This
change can be corrected by adjusting the MR layer 102
and soft adjacent layer 106 thicknesses to restore the
bias point to its present value.

20 In a soft adjacent layer biased type MR sensor,
the MR is biased by the free poles of the SAL plus the
current in the SAL. When the rotation of the MR is
ideal, its demagnetization field plus sin(Theta)
*Hkeffective balances this. A relatively uniform

25 distribution in the bias angle, Theta, is achieved by
this. (Note that: Hkeffective= Hk+ Hshape + Hpm (Hpm
is the PM field in active region at the sense current
bias peoint). To a first approximation, the effective
Hk at the bias point is Hk + Hshape. The shape (or

30 stripe height) 1is given by S=st*exp(K*(X**2)) as
previously shown in Equation 1. Hshape at the bias
point is much 1less than Hspace at Isense=0 as
described above. At the bias point
Hspace=Hspace(I=0)*.41 for a bias angle of 45 degrees

35 ( 0.47 for 40 degrees). This increase in Hk does not

- inhibit signal flux at the bias point however as will
be more fully described hereinafter.



previ ously shown in Equation 1. Hshape at the bias point is nuch | ess than

Hspace at |sense=0 as descri bed above. At t he bi as

poi nt Hspace=Hspace(1=0)*.41 for a bias angle of 45 degrees 35 ( 0.47
for 40 degrees). This increase in Hk does not inhibit signal flux at the
bi as poi nt however as will be nore fully described hereinafter. 17 Even

at | ow values of the sense current, the soft adjacent |ayer 106 is pl aced
into the saturated condigvemnabyléhevd augero £ WHee ense therbnﬁerthesbsfance
MR | ayer 102. ue t he, SAL; bi as .i gu

This can be sho%nd%%%s%%f F%ger f?/\??elr_leslsn p]t%cee ke ect| f%%e%ggﬁdthe
free poles of the Ménair:e'-lemactﬂyy rﬁé\ﬁralazgdrbycuhre'ehltee lpml eshef loweSAL
is: 10 si n(Thet)s ;'dekeidee pager. Js%,én%%ac (%)
anps/ met er (Equati on 251)5 \%ner e%ﬁ & Yel st ﬁu?‘rgenat S l'lt soft’ daélcgé%]?

| ayer 106, SSis th@l§§rGﬁemﬁ€ﬁgﬁﬁafPB5Peﬁs the field in the MR Iayer 102

that is generated by th@hﬁ%”@@h | Bet hghd@n §A|-fol‘|§6ﬁ§er dvﬁei'éi?nf'ﬂké' in
the MR or the SAL that ener t ed r;)%cthe current g he gpacer and the 2

cones fromthe fle|H8feF§§ﬂ? (¥ﬁgt IyoiHF R ofBRettdis® & the MR3re 16
ma sense current wekacallyypieQalira2@zed bgeehet fyeet pelesr o€nthenshheiSAL is
4.17 ma and 0.34 nma in the magnetic spacer |layer 104. The 16 ma bi as
current divides between the soft ad%‘?cent | ayer 106, the ggnehp spacer

| ayer 104, &Ad the NI talypitectiyy = Heal sPARRT TSt 03PAIR1™S) (P RIS BT t Loy 25)
resistivities. Thus, currents of: 4.17ma, 0.34ma, and 11.46m
respectively corre nd t I ckngsses of 260A %AQ A 0 ectlvely

and resistivities 0 % 2@5? éﬁdgé% T%FFT’“&H’ gr%%ﬁ%c?? %$?/n€ ﬂ%

S=2.7 mnicrons 106 s is the stripe height, Hsal is the field in the

MR layer 102 that is generated by the current in the

15 SAL, Hspacer is the field in the MR or the SAL that is

generated by the current in the spacer, and the 2

comes from the field path length going completely
around the SAL.

For a 16 ma sense current with a typical

20 geometry, the current in the SAL is 4.17 ma and 0.34

ma in the magnetic spacer layer 104. The 16 ma bias

current divides between the soft'adjacent layer 10s6,

the magnetic spacer layer 104, and the MR layer 102

according to their thicknesses and resistivities.

25 Thus, currents of: 4.17ma, 0.34ma, and 11.46ma

respectively correspond to thicknesses of 2604, 1004,

and 300A respectively and resistivities of 62, 269,

and 26 x-Ohm-cm, respectively. Taking S=2.7 microns

gives Hkeffective = 835 amps/M or 10.5 Qersteds.

30 Subtracting off 2.6 Oersted for Hk#*sin(Theta), and

noting that Hpm=0 in the active region gives Hexcess

= 7.9 Oersteds. If this excess field were exactly

balanced by Hshape in the sense current "on" biased

condition, then in the sense current “off" condition,

35 Hshape is 1/.47 times this value or 17 Oersteds.

Therefore, a significant amount of Hshape is tolerable

before this point (where the element is uniformly



gi ves Hkeffective = 835 anps/Mor 10.5 Qersteds. 30 Subtracting off
2.6 CQersted for Hk*sin(Theta), and noting that Hom=0 in the active region

gi ves Hexcess = 7.9 CQersteds. |If this excess field were exactly bal anced
by Hshape in the sense current "on" biased condition, then in the sense
current "off" condition, 35 Hshape is .47 times this value or 17

Cersteds. Therefore, S|gn|f|ca? apount of Hshape * kerable before

h wher BiREdelEndnt 518 SREFaIh Ty Thet a) =
s porny Cuher biénedent HBUIFRI P AR oo meia <
shaped MR Iayer 1%%o&%n%ﬁ%l¥?'gﬂﬁgka'ron]tggkqug t8 Sggeunlfgyhrﬁﬁ§$'ng

the increase e shape (HShape+Hk) to the field
fromthe curr ent firemt hed«.tef ttaadpdgent | @)’ermiﬁﬁhlf‘ﬁe the ué“&FetaﬁFs i form

rotation aggle cagehgehiy Sﬁi %Qohh%h%pbﬁﬁﬁar) §ﬁa§&¢ﬁkﬁf&b“ﬁhéaﬁﬁéld02/SAL
106 thickness rati o. In this way, nonline r|t oniF@F % ration
can be avoi ded whEP® &8 SWIFERE %&@@ cﬁth }%ﬁ"@et er }¢ larly
shaped MR el enengalae %fIOWH1snuhheoﬁmeeedangoaxanglle oanFbg. rsissecg etq. K=0)
there is no Hsha so Heffective~Hk=4 rs d from
the current in tﬁg‘ sof’?téﬂﬁ"ﬁce‘?ﬁlq%ayg Q%G Eﬁ% tﬁ% it} {]I 362 S8 gé/er

is much greater thdekneiss (0o Oer dneds)is mermmlemqqum I\/R
layer 62 pgar the @0ds ooy i, abet ¢3¥E§?5wh%fésaEhQE@1WELH(ﬁéfﬁbft

towards 9 degrees néar "the center e stripe. het a
i ncreases, the gdygiagvc grngen(Theta) will distribute free poles over the

stripe. The gradient gfud t}e%cftraqggﬂgqu@v vgﬂépgfnmaépe@eﬁt,elslstﬁmwm esi sts

the excess field (7.9 Cersteds=10. *si heta fromth rie in the
soft adj acent 1% the preceding example o%(¥ %% (e.g. E-SP f5dte
is no Hshape so Heffective=Hk=4 Oersteds. But the
15 field from the current in the soft adjacent layer 66

and the magnetic spacer layer 64 is much greater than
this (10.5 Oersteds). Therefore even though the MR
layer 62 near the ends will be at 40 degrees, this: :
field will drive it towards 90 degrees near the center
20 of the stripe. As Theta increases, the gradient of
sin(Theta) will distribute free poles over the stripe.
The gradient of these free poles will generate a field
that resists the excess field (7.9 Oersteds=10.5-
4.*sin(Theta)) from the current in the soft adjacent
25 layer 66.

Analysis of this situation follows, and shows
that an unshaped MR sensor 60 (Fig. 3A) that is pinned
at 40 degrees at the ends will rotate up to a maximum
of 56 degrees in the center. The average value of

30 sin(Theta) determines the flux sensitivity of the
element. It is equivalent to a weighted average angle
of 50 degrees.

On the other hand, a shaped MR sensor 100 (Fig.
4), with K=.1 (Hspace(@I=0)=12 Oersteds), will rotate

35 up a maximum of 49 degrees. The weighted average of
‘ Theta (by sin(Theta) is 46 degrees. By adjusting the
ratio of the MR layer 102 to SAL 106 thickness, the



25 | ayer 66. Analysis of this situation follows, and shows that an
unshaped MR sensor 60 (Fig. 3A) that is pinned at 40 degrees at the ends
will rotate up to a maxi num of 56 degrees in the center. The average

val ue of 30 sin(Theta) determnes the flux sensitivity of the
element. It is equivalent to a weighted aveggge angle of 50 degrees. On the
ot her hand, a shaped MR sensor 100 (Fig. 4), with K=.1 (Hspace(@=0)=12

Cersteds), W ll rotésesence cdtd & Mtrw_ﬂbo;axﬂ& ﬂem@%mpeme&eﬂqglahed
average of Theta (b sl n (Thet a;l&ﬁ 46 de I ees. ust i ngrt he rati o of
e

the MR | ayer 102 t% }.L‘O’Gt)fh ‘éreasig es 1%? af¥BTRIR BBIREPt the
sane while corrpenswzitmut heomstalt\mam, wthé dnighigr eahapied tincasedkr age

angl e. Wthout conpensafi %%f h?%ghggryiyscggas% d_‘m‘_@)s?e(c}ggg gsgf égotp‘%rel n

di scussed woul d have"®2" 6 SEeNnsi tivi
(- 926=si n(45 2)/ si s¥BOIYivDacceagi Kgothbemdntpdd SMR=Isdpdrd 5132 /siindBA¢ds from

300A to 293A and incre &Qeéé@nf@'hel%@) ?yﬁﬁ@gfﬁy%%%@gQﬁﬂé@eggwxrbﬁaves

t he resi stance of the struct re the eavi ng the
pover density at 13004 ta 2§iddeanduinereashbdsEie SAL PG thickngss £ReEgh

the SAL 106 conducw@z;etd oadgs Coywed thdRelsdk@ant@20 FDEIfe FIIiBE‘sNBuEQMQé 102
IreS| st ance change $ ! unit of fﬁ(ﬁ%s 11%_Feater and xactl gpens%t egtt he
oadi ng effect. IR R b ‘f@sletaﬁé'nﬁ ¥
degrees at ce enobs aidet hmmnﬂuhhenghme( as bhéorent _erE)Jent though the
i de 153 dogrees TAtcRS SRHdEancE| RS addif IR RhAR0T 03 mble, ™ O
degrees. Wth thl@'l@dfﬂ)dﬁaf@m d@,Z rikeintaghecchange penvenityefafduy is
increases to exactdyeifgr ushaR&d 3yU&ompensates the loading effect.
This geometry change brings the bias angle to 45
15 degrees at the ends and the maximum angle (in the
center) to the previous value of 53 degrees.
Therefore, the dynamic range on the high side is 3
degrees bettér and, on the low side, it has improved
by 5 degrees. With this compensation, the weighted
20 average angle increases to exactly the unshaped value
of prior designs. If the dynamic range gain was used
to further increase the bias angle then the MR sensor
100 design could gain a couple of percent on
sensitivity over preceding designs. The analysis
25 which follows further corroborates the fact that there
is essentially no loss of flux efficiency as indicated
previously. '
Following is an analysis of the bias angle vs.
distance from the air bearing surface (that surface of
30 the MR sensor 100 shown in cross section in Fig. 4
opposite the concave portion of the MR layer 102) and
assumes the symbols and equations of the preceding
equations. The SAL 106 can be thought of as being
fully saturated for its entire span in the Y direction
35 (away from the ABS) except for a small region near the
ends (Y=0. and Y=S=stripe height=2.7 microns). This
is because the field of the current in the ER.layer



of prior designs. If the dynam c range gain was used to further increase
the bias angle then the MR sensor 100 design could gain a couple of percent
on sensitivity over precedi ng designs. The anal ysis 25 whi ch foll ows
further corroborates the fact that there is essentially no loss of flux
efficiency as indicated previously. Follow, Pg is an analysis of the bias
angl e vs. distance fromthe air bearing surface (that surface of 30 t he

MR sensor 100 sh [ 0ShHeeGhd g_ it Fidhadh PR/ e tlhq cga 8¥RepOrtion
of the MR | ayer %% }n aiés‘hurres t l &Sa anlg e%?atl ons % g?ecedi ng

equations.  The ¥Aenatse @&r bé %ﬁé}ﬁ-@ Eflaésfbﬁﬂﬁf* Jthe, S@é‘t &Pét é8heor its
entire span in thﬁat\écﬁrap%fon 8bound thanZapateetmMihe ABIImextephcéey a

smal | region near_t =0. an S=stripe hei ronsy),. This
o becauge the {11 BIRT b 46PReADY; §BRE ST 1o4PE FOT ShT LGB P
magneti c spacer Imqaroﬂwhabgesharesgemm efal Dy . §aﬂarstead1 bedigscés etd on

|VR-11. 46m and 1A Akt To, Apafskas SBAREK YRYEr TokTLRIRRACEE) SO0

than fully satur &sd & ddlfe pagnetdio shacer 2@yemaddet t@esﬁaéelml Blxde 104
thickness. For a JLJ0A, MBONSId L SPRGSE 't%yeé &Q‘&Imihfsbbéefr i spgaps™

2*spacer nust be < u*(lInr+I'spacer) if is nedglected. Therefore Hgs <
7,500 Cersteds. frpglected. ﬁ@%ﬁf%?ﬁ%@fﬁ?ﬁcfl?n AUFtOAS- the area of the

transitiongegion is tAmwsd Oﬁlﬁisffﬂéldnlhbegﬂteaoﬁvéﬂfﬁﬁé*i'ﬁéi)of the
Approxi mating this fiel d as constant, _a [ i

is (Msal=7,500 GRSLEYH THRFECD Ws;ﬁ“;r:'étg EROR' YOS At €68 TAW

(Equati on 26) (Mrsal*Tsal). Approximating this field as constant
across the transition zone width, TZW, is (Mrsal=7,500

Gauss) :
15
TZW*H = Mrsai~Tsal (Equation 26)

so TZW = Tsal = 260A = 1% of the stripe height.
Therefore, this transition region may be
20 neglected as being effectively infinitesimal (exchange
forces enter at this level). Moreover, the flux of
the SAL 106 fully inserts into the MR layer 102 right
at the ends and thus biases it to an angle such that;

25 Mrme*Tenresin(Thetaa) = Mrsai*Tsal = (7,500)*.026 Gauss*u (Equation 27)

sin{Thetao) = (7,500)*.026/(10,000*.03) = 65

Thetao = 40.5 degrees
30

As distance increases from the ends, Theta 1is
pushed towards larger angles by the field from the
current in the SAL 106 and the magnetic spacer layer
104 together which is:

35
Hi = (10.000%u MKS to CGS)*(lsal +ispacer)/(2.7S) = 10.5 Oersteas (Equation 238)

for isal + Ispacer=4.5ma and $=2.7u.



so TZW= Tsal = 260A = 1% of the stripe height. Therefore, this
transition region nmay be 20 negl ected as being effectively
infinitesiml (exchange forces enter at this level). Mreover, the flux of
the SAL 106 fully inserts into the MR layer 102 right at the ends and thus
bi ases it to an angle such that; 25 oM mr *Tnr *si n( Thet ao) =

Msal *Tsal = (7,500)*026 Gauss*u (Equation 27) sin(Thetao) =

(7.500)*026/ (10, 0064@3) 15 a@éoTBGEﬁ@d—téGa:?dﬁ'egxﬁ@Fﬁeﬁoar@éjd Yy nQﬁc of
i ncreases fromthe ends, Theta i s _pushed tcwig ﬁ; arger e by e field

fromthe current ikheh&RsARYede 107 5D theof t her
?Elch is: gg)H; (1?qQPQ¥HFNKSetqr§E§kﬁtIsaI&B@aﬁfééléﬁ%E?qﬁ;6Hlﬁ5ﬂa&Fa&eds
quati on or lsal +. lspacer= nd , S . eta is also
pushed towards smalfFEF §R§Iggagﬁgnﬁkggfg?ﬁéénéF%gyer 102, Hshape of the
shape and the field, HqHkfrom t Hepgradiagw Oielde fneethrhaKgekinewdtionssul t
fromthe gradient ¢ e%'QSZhEEﬁée durrent is Eﬁ apdnk5ace @%@eﬁ#@%ﬂs in the

X direction. Wen t sense current i's on, ape 1S  given

K*G* M * Tnr * cos; Theta) =Hs*cos( Thet a) (Equatlon 29) 10 For
K*G*M nr*Tnr. Th| S adds ulnQe - MrPTRONEB N KkQEhest | ve W (tpj'@-ualﬂqfd‘neqtgl ve =
Hk +Hshape (Equation 30) 15 The bias angle, Theta, attenpts to

adjust to all of these conpeting forces according to:
Hkef f ecti ver@si n( Theta) kGmdri*tme. Hg (Equation 31) 20 The field fromthe
free poles in the MR | ayer 102, Hq,

This adds to Hk to produce an Hkeffective with:

Heffective = Mk +Hshape (Equation 30)
15
The bias angle, Theta, attempts to adjust to all of
these competing forces according to:
Hiketective *[sin(Theta)} = Hi + Hq (Equation 31)
20
The field from the free poles in the MR layer 102, Hq,
can be derived by considering the magnetic potential,
Vg, that is its source:
25 Hq = d(va)/dY (Equation 32)
and
vq = G*Bq (Equation 33)
30
where Bg is the field in the gap that results from the
free poles that are generated by a gradient in
sin(Theta}.
35 8q = Mrme*Tmr*(dsin(Theta)/dY)/2 (Equation 34)

where the 2 comes from the two gaps leaking flux from
the MR layer 102 to the shields that are at magnetic



can be derived by considering the nagnetic potential, Vg, that is its

source: 25 Hq =d(Vq)/dY (Equation 32) and Vq
= G 8q (Equation 33) 30 where Bg is the field in
the gap that results fromthe free poles that are generated by a gradient
in sin(Theta). 35 Bg = Mnr*Tm *@dsi n(Theta)/dY)/2 (Equati on

34) where the 2 cones fromthe two gaps leaking flux fromthe MR | ayer 102
to the shields thgiowsie miteigadti c Puttidggrtogedtheat Bguatiiofutiad ng33

t oget her Equati Ons"di(gz'f 33Vanql 34 gives: Hg =

(GTr*M /2. ) * 8 SThEMYECA) )/ dY)/dY (Equation 35) 5 Hq =

O d(d(sin(Theta))/dY)/dy (Equation 35) For Q= GTnr*Mnr/2. 10
Putting together EquatjaQq 10 I gi ves: Hk* s}

Hs*si n( Thet a) * cos( The%‘lé) Erfie +'%%*°§?$((n§?ﬁ/€ heta))/dy)/ dYt%gﬂg%?%nj%)G) As
can be seern!, the second termin this equation 15 presents a nonli near
differential equation Hymesdnmoddifdnpul ty. However, there(Bgeatiwnf3slors
that make this tractable. For unshaped el enents, Hs=0 and so the term

di sappears. For shaped el enents that are biased up to the vicinity of 45
degrees, this sedod QG G*TmreéMamerA2effect becones a constant in the
equation. Al so, because this termis substantially constant, the

differential perneability of the MR layer 102 is_not effgcégd bx' Hs so
there i s é&senti AYSFINY OgREPERCFMADALRS 0f 2 Hs3O0ThAL PE gives:
Hs*si n(Theta)*cos(Theta) = (Hs/2)*sin(2*Theta) (Equation 37)

Hk*sin(Theta) + Hs*sin(Theta)*cos(Theta) = Hi + Q*d(d{sin(Theta))/dY)/d¥ (Equation 36)

As can be seen, the second term in this equation

15 presents a nonlinear differential equation type of
difficulty. However, there are two factors that make
this tractakle. For unshaped elements, Hs=0 and so
the term disappears. For shaped elements that are
biased up to the vicinity of 45 degrees, this second

20 term in effect becomes a constant in the equation.
Also, because this term is substantially constant, the
differential permeability of the MR layer 102 is not
effected by Hs so there is essentially no efficiency
impact of Hs. That is:

25
Hs*sin(Theta)*cos(Theta) = (Hs/2}%sin(2*Theta) (Equation 37)
and sin{2*Theta) = approximately 10 so:
30 Hs*sin(Theta) "cos(Theta) = approx. Hs/2.
Substituting this into Equation 36 and substituting U
= sin(Theta) gives:
35 Hke*U - {Hi-Hs/2) = Q*g(d(U)/aY)/dY (Equation 38)

Substituting U = W + (Hi-Hs/2)/HKk, 2= 2*%(Y¥-S/2)/S
(e.qg. 2= +/-1. at ends) , and



and sin(2*Theta) = approximately 10 so: 30 - ."'He*si n( Thet a)
cos(Theta) = approx. Hs/2. Substituting this into Equation 36 and

substituting U = sin(Theta) gives: 35 Hk*U (H -Hs/2) =

o d(d(U)/dy)/dYy (Equation 38) Substituting U= W+ (H-Hs/2)/Hk, Z=
2*(Y-S/2)/S (e.qg. Z= +/-1. at enq§), and 23

C=S*sqrt (Hk/ Q =S*sqgrt (Hk/ (2*GMmr*Tnr)) =. 0.441 gives: C-C-W=

d(d(wW/dz1/dz =G & Hk _§qu|§€ ) *caMHRESTRAVAL | 0B hasg s¢d uti ons
of the form W= gxfo(scg%é d/(\g/\)/— &‘%69 Go Eq’tjgtr on 40) 10 ¥

The symetry of tHa&V€ftuation then cal s for: = E*(exp(OZ) + exp(-C*2)
(Equation 41) Were Eis adjusted to give the correct angl e (Thetao) 15

at the ends(@z +/ 1. W:S|n '[ht 0)-(Hi -Hs/2)/Hk)) accoydi { ation
26. That is: E = W (eXHEHM¥h(-c2) (Equati{)%‘g%l%%

E = W(exp(®) + exp( C) E= (si n(Thetao) (H -Hs/2)/Hk)/ (exp(C) + exp(-0C))
(Equation 42) Subsfitu a pting that 25 W
= U-(H -Hs/2)/ Hk?fl%%végﬂgbp—pgt?% EBHR%H - H@‘E) ?gﬁﬁt E*(exp(C2) +
exp(-C2)) (Equation 43) for A = (H|-Hs/2)/Hk 30 U= A+ E*(exp(C2) +
exp(-C2)) (Equat {yQn Ay o v L expt@gui red is the aver ageqyad itsh ofo)U
convoluted with the signal flux in order to calculate 35 the MR sensor
100 sensitivity. To see that Uis the relevant variable note that the MR

response i $0 Si g ThORsFmmebEyCcos (et e54tid€ion then call&qaetton 45)
W = E*exp(C™2) + exp(-C*Z}) (Equation 41)
Where E is adjusted to give the correct angle (Thetao)

15 at the ends (@Z=+/-1., W= sin(Thetao)-(Hi-Hs/2)/HK))
according to Equation 26. That is:

£ = W/{exp(C*2) + exp(-C*2D)) (Equation 42)
20 E = W/(exp(C) + exp(-C)}
€= (sin(Thetao)-(Hi-Hs/2)/Hk)/(exp(C) + exp(-C)) (Equation 42)

Substituting U back into Equation 41 and noting that
25 W =U -(Hi-Hs/2)/Hk) gives:

U = sin(Theta) = (Hi-Hs/2)/Hk + E*(exp(C*Z) + exp{-C*D) (Equation 43)

for A = (Hi-Hs/2)/Hk:

30
U = A + E*(exp(C"2) + exp{-C*2) {Equation 44)
Still required 1is the average value of U
convoluted with the signal flux in order to calculate
35 . the MR sensor 100 sensitivity. To see that U is the

relevant variable note that the MR response is:

Sig = DR/R = P*(cos(Theta))**2 (Equation 45)



24 dSi g/dTheta = P sin(Theta)*cos(Theta) (Equation 46) Since flux, F, is

sin(Theta) and its change, dF/ dTheta = cos(Theta): 5 dSig =

P*df *si n( Thet a) (Equation 47) Therefore a unit of signal

flux, dF, produces signal voltage in proportion of sin(Theta) = U.
Therefore this nust be convoluted with the & gnal flux as a 10 function

of Z. For a high efficiency elenment the flux |leaks wuniformy across the
gap and therefore di gadliwiesrsinmér@stre@ear|y from Z=-1(tghathen aig)
bearing surface) to Z=+1. (at the far end). So to a good approxi mation: 15
dF = dFo*(1.2)/ 2. (Equation 48) Substituting this into
Equation 46 and i stiegeatiog,fFpons ki Thefialeandd taSicgpangelP* dFodThetd nt (- 1
to 1) (1-2)*U (Eguggl ?Q‘h@%% Since uis symetric about zero and Z is
asymetric, the Z*U termconl)rl butes nothing. Therefore all that 25 IS
requi red i sSU i nt egr at esk ofefsifrealel enent as stated above(ESudsion hing
Equation 44 gives: dSig = (P*dFo/2)*Int( 1to 1l)(A+ E(exp(C2) +
xp(-C2)) (Equatl on 50) dSig = é}g‘*dFo/ 2)*(2*A +

(2*E/ O *(exp(O) - éﬁﬁefejf)e esu@wt Pfd At B, dBy BEPHWESY: SAFRAL =

si n(Thet a) ave= (szb(LEé )a_*(lelxg{z@pcrt%a{ &f)slﬁimuataqn 54, TRécIhEefore
t he MR  sensor gsm V|t§ prglg ional to t?ft shown in
Equation 51. Ui |I?Ilﬁg “l%t By < é‘§@rdi b&H-4b $hgnal flux-as-a

10 function of Z. For a high efflc:Lency element the flux
leaks uniformly across the gap and therefore
diminishes to zero linearly from 2Z=-1 (at the air
bearing surface) to Z=+1. (at the far end). So to a
good approximation:

15
dF = dFe*(1-2)/2. (Equation 48)
Substituting this into Equation 46 and integrating
from -1 to 1 gives:
20
dSig = {P*dFo/2)"nt(-1 to 1} (1-2)*U (Equation 49)
Since u is symmetric about zero and Z is asymmetric,
the Z*U term contributes nothing. Therefore all that
25 is required is U integrated over the element as stated
above. Substituting Equation 44 gives:
dSig = (P*dFo/2)*Int(-1 1o 1)(A + E*{exp(C*Z) + axp(-C*2)) (Equation 50)
30 dSig = (P*dFo/2)*(2°A +(2°E/C)*(exp(C) - exp(-C))
dSig = P*dFo*Uave
35 By defining:

Uave = sin(Theta)ave = {A +(E/C)*{exp(C) - exp(-C)) (Equaticn 51)



maxi mum bi as angl e, Thetamax, and the angle that 5 corresponds to
Uave, Thetaave=arcsin(Uave) nay be cal cul at ed. For K=0 and K=.1 the
calculation is tabulated below. From Equation 29: Hs =

K*G*M nr *Tnr = 10 .1*.25*10,000.*.03 - 7.5 Cersteds for K=.1 From
the definitions of Equations 38 and 39: C= §41 per mcron 15 From
Equation 28: Hi =10.5 Qersteds Hk=4 Oerstedg t hroughout From Equation 44 the
definition of A =_(H -Hs/2)/ 0 = 2, r Keghan =. Lk From
Equations 27 and % _erﬁggre E&?%I n?‘ﬁmt gg)%?f’& I—é% [k%?%(%’(){(s)}fexé(s{:q) E
= -.9 for K=0 andprogdrtdon&E. toThhahashawm bhgk@uatteRsSht Z=0 so from
Equation 44: 30 Umax=Age%E;,q ometry describiatinyvd?) taed
Thet amax :arcsin(Unaxfdéé?égfﬂ?A#EEE) %% nerry T, e& max= %f.l eqr ees
for K=0 and 48.6 deyiBes Frias Eqidtlicon Bhetamalg @d}fg Ihep angre) *t?'@%p(C) -
exp(- C% )Ua (E%Equat i 881—%§§ o]g%%% 'Egl_ﬁ\ Uavd ,Oﬁﬁgét}gE\(;E:arcs if&QUiheb aawaeyz be
arcsi n(Uave) = arcsi n( A+2, et aave= : egrees =

degrees for K=. 1 FheretdFedt her EFs =n?ya§%4.§'dgg%§%e d?%%éﬁg%gggf]nqt%e 10
aver age wei ght bi aspangted p&hbw:corresponds to a sensitivity ratio of:
sensitivity(K=.11/sensitivity(K=0)=sin(.46)/sin(50.5) = 0.93 15 for no
conpensation in the MR/ SAL thicknesses. On the other hand, if the

t hi cknesses are cBmpensaEqdatiioh t h@9fol | owi #§ comdi t iKWE*MmMETMhe =

di fferencel(petV\’ee':‘]_*_zs*lo,ooo,*,o:. - 7.5 Oersteds for K=.1

From the definitions of Equations 38 and 39: C=.441

per micron
15 From Equation 28: Hi=10.5 Oersteds
Hk=4 Oersteds throughout

From Equation 44 the definition of A = (Hi-Hs/2)/Hk

- A = 2.63 for K=0 and 1.69 for K=.1
From Equations 27 and 42:
25 E=(sin(Thetao)-(Hi-Hs/2)/HK)/ (exp(C) +exp(-C))
E = ~.9 for K=0 and -.47 for K=.1
The maximum angle occurs at Z=0 so from Equation 44:
30
Umax=A+2*E (Equation 52)
and Thetamax =arcsin(Umax) =arcsin(A+2*E)
35 Thetamax= 56.1 degrees for K=0 and 48.6 degrees

From Equation S1:



K=0 and K=.1 di sappears. These conditions are that the total resistance
remain the sanme (sanme thermal 20 power density at the sane bias
current) and that the Thetaave for each design be the sane (sane average
bias point). If Tnmr goes from 300A to 293A and Tsal goes from 260A to 277A
these conditions are net. It is easy to 25 see that the resi stance
condition is preserved: 1/Rt = 1/ R +1/Rsa% +1/ Rspacer = (.716 + 261 +

023)/ Rt in an exenpl ar €Sk 98q)- e n the present inygghiehon38 Rt
(716*293/ 300 + .261*27 gGO‘ § @%&ﬁd 699+278+023)/Rt ¢ &&08???? 3}

Therefore Rt has not changed. Note that A does not change automatically
(A=1.69) and the pri margecGhangee 35 i s that

sin(Thetao)=Msal *Tsal /M nr*Tnr=.65 in the exenplary design. In the present
invention it is: sin(Thetao) = .65*(277/26)*(300/293) = 709 27 Thet ao=
45.2 degree$ C charﬁgbsTh%qa@tW&/eﬁydﬂanTE(W)l-s FCeIO{AFSnQ6*Ed 1/ sqrt (Tnr)
soit is now 5 Cnew = Col d*sqrt(300 293) 0.441*1.01 2 =0.446 E from
Equation 42 is: 10 Enew=(. 709- 169) /2 202 445 gvs Eol d=. 47) From
Equation 53: Uave TheteaveEpO)-5 SREEErS. f@k’p’("‘t)a)nd-‘*@ degrses feRKkaake =

arcsin(Uave) = 50.4 degrees. This cenpares favorably with the K=0 val ue

of the exenplary desi even_better nam howev. wth

respect to Thet ang@eaf%gf% t&r%rr? lfoo?ﬁgt%nga%](? T5& §éF§$§8“FFoH‘Lﬁ%%<

Equati on 520 average weight bias angle. This corresponds to a
sensitivity ratio of:

sensitivity (K =11 'sensitivity (K =0) = sin(46)/sin(50.5) = 0.93

15 for no compensation in the MR/SAL thicknesses. On the
other hand, if the thicknesses are compensated with
the following conditions, then the difference between
K=0 and K=.1 disappears. These conditions are that
the total resistance remain the same (same thermal

20 power density at the same bias current) and that the
Thetaave for each design be the same (same average
bias point).

If Tmr goes from 300A to 293A and Tsal goes from
260A to 277A these conditions are met. It is easy to

25 see that the resistance condition is preserved:

1/Rt = 1/Rmr +1/Rsal +1/Rspacer = {716 + 261 + .023)/Rt

in an exemplary design, whereas in the present invention:

30
Rt = (.716°293/300 + 261°277/260 +.023)/Rt = (699+ 278 +.023)/Rt=1.000/Rt

Therefore Rt has not changed. Note that A does not

change automatically (A=1.69) and the primary change
33 is that sin(Thetao)=Mrsal*Tsal/Mrmr*Tmr=.65 in the

exemplary design. In the present invention it is:

sin{Thetao) = .65°(277/26) *{300/293) =.709



Urax =A+2*E = 1.69 2*.445 = 80 25 Thet amax = arcsin(Umax) = 53.1
degrees vs 56.1 degrees in the exenplary K=0 design. Therefore there are 3
nore degrees between Thetanmax and saturation. Thetam n was previously 40.5

degrees but in the new design it is 45.2 degrees so 4.7 30 degrees of
mar gi n has been gained on the | ow side. Ongsrenmining issue is that the MR
element in the new design will respond with a greater dRRRto a unit of
flux because it is thinner. Thi Smwkd=lssakeg@esconsune hal f the bias point
mar gi n i nprovenent cal cul ated 35 above (the t hi ckness ratio IS

1.02 and sin(56)/sin(53)=1.04). The signal strength gain (2% is also

of fset by a greater dipathetoWweritpadly r oitthe tdrickes Phbopbetional to
Fortuitously, these t ff?cts .. 28 exggtly cancel. To denonstrate this,
the ratio of the ﬁéﬁﬂ?g(ﬁﬂé pPvibutS 82 gn 1oad effects is: Load New Load
Add = Rsal new (Rsal new + nrnew) / Rsalold/(Rsalold + Rirold) 5 Using
Rsalold/Rmold = 2.74..[&0qdohss -BESMoRUSEESI stance cal cul ations: The
new ratio is: 10 Rsal new Rnrnew = (Rsal ol d/ Rnr ol d) *(260/ 277)/(300/293) =
2.51 Load New Load O d = 2.51 /(2.51 + 1) / (2.74/(2.74+1) = 0.976 15

Not e that the Tnr & §remr BEWALOOD742sbSthe two effects cancel exactly. The
concave sensor shape of the present invention described above with respect

to the assyéance of sigg¥§§%ﬁ%§k%Fggg%§%ﬁ£gg_nNR sense el enent, can also 20

be used in“the context "0 nd ‘G ant Magnet o- Resistive (GWR)
sensors. The term Spin Valve is applied to a particular GVR type sensor.

An From Equation 53:

Uave = (A -{E;C)*{exp(C) - exp(-C})) = 0.77

so Thetaave = arcsin(Uave) = 50.4 degrees. This
compares favorably with the K=0 value of the exemplary
design, It is even better on dynamic range, however, .
with respect to Thetamax and Thetamin.

20
Thetamax can be derived from Umax in Equation 52:

Umax =sA+2"€ = 1.69-2".445 =80

25 Thetamax = arcsin(Umax) = 53.1 degrees vs 56.1 degrees
in the exemplary K=0 design.

Therefore there are 3 more degrees between Thetamax
and saturation. Thetamin was previously 40.5 degrees
but in the new design it 1is 45.2 degrees so 4.7

30 degrees of margin has been gained on the low side.
One remaining issue is that the MR element in the
new design will respond with a greater dR/R to a unit
of flux because it is thinner. This will also consume
half the bias point margin improvement calculated
35 above {the thickness ratio is 1.02 and
" sin(s56)/sin(53)=1.04). The signal strength gain (2%)
is also offset by a greater load down effect from the
thicker SAL 106. Fortuitously, these two effects



exanple of a Spin Valve sensor 111 is shown in Fig. 5. In this type of GWR
sensor, half of the magnetic 25 | ayers are pinned by contact with an

antiferromagnetic layer. The antiferromagnetic |ayer 122 may conprise, for
exanpl e, MFe (50%50%, NiO CoO N O CoO N FeMn, or nuner ous ot her
.materials. The antiferromagnetic |ayes 122 forces (or pins) the 30
magneti zation of the nmagnetic |ayer 116 that contacts it into a transverse
magneti c ori ent at iexacttiat cescell uste atembrist rartteowhizg. theeratijmedf chleayer

116 may conprise (@, kg N ’Eg%a'%bgyggéi&l?%ﬁa&' S%QEES Q%t:a”y ot her

ferromagnetic material that ucts ectricrt may al so be
subdivided into multiple |ayers of these materials. A predoninance of Co in

sonme of these subl ayetes/ ekioan REQAIFEAGWL enelBIRgsl rdaBR i digCt . 29 Above
t he pi nned gerronagnetic Iayer 116 S a conductive spacer Iayer 114

conprising, for exa nuney ous other hi y conductive
material s. Coppérsnﬁgs tﬁ?@r‘}oflgv rtc’(}dexhl bi ¢ % %&n REEHIRYST f ect .

The freely rotati resfietuoregnatiicalbayensil? is nagnetlzed in the

| ongi tudi nal direction 126 by a longitudinal bias field 124, the concave
shape of the free layer 112, and the longitudinally flow ng sense current
130. The layer 11Zhgapewotrpkiceisd a single or multiple nmixed |ayers of
Co, Fe, Nijgor any electrically conducting ferronagnetic mat eri al . Though

t he strongest GWR effect results from al a predom nance of Co,

S
these alloys often hav@“ﬁ”ﬂmﬂﬁ"’d@?%?@TV?“%ﬂ@?VPQQﬁ? 5t h multiple magnetic

15 domai ns and t herefore Bar khausen noi se. For this reason, N Fe

(80% 20% is oftenﬁy&mquﬁﬁ@u§§,&g,n§§1g0b9M699§Ecivity. The use of a

concave shape to

15 Note that the Tmrold/Tmrnew= 0.977 so the two effects
cancel exactly.

The concave sensor shape of the present invention
described above with respect to the assurance of
single domain bias for an MR sense element, can also

20 be used in the context of Spin Valve (SV) and Giant
Magneto-Resistive (GMR) sensors. The term Spin Valve
is applied to a particular GMR type sensor. An
example of a Spin Valve sensor 111 is shown in Fig. 5.
In this type of GMR sensor, half of the magnetic

25 layers are pinned by contact with an antiferromagnetic
layer. The antiferromagnetic layer 122 may comprise,
for example, MnFe (50%-50%), NiO, CoO, NiOQ/CoO,
NiFeMn, or numerous other materials. The
antiferromagnetic layer 122 forces (or pins) the

30 magnetization of the magnetic layer 116 that contacts
it into a transverse magnetic orientation that is
illustrated by arrow 128. The magnetic layer 116 may
comprise Co, Fe, Ni, an alloy of these elements, or
any other ferromagnetic material that conducts

35 electricity. It may élso be subdivided into multiple
layers of these materials. A predominance of Co in
some of these sublayers often produces the largest GMR
effect.



free layer 112 can provide sufficient |ongitudinal bias for the use of

hi gher coercivity cobalt alloys 20 wth a larger GWR effect or for the
nore reliable use of NiFe. The longitudinal bias field 124 is initiated at

the ends of the free |ayer by permanent magnet structures 120 whose

magneti zation is indicated by the 25 arrews 124. This | ongitudi nal

bi as function can al so be provided by a second antiferromagnetic structure
if the ends of the freeAbayer the? mirnekt fededmagdetior layer thiks bias a ayer

o TRETL TOTE SHEHBESSe T 1ob bt SIS S Whople

antiferromagnetic that“pins the e ) /
The concave shape 6H.t h&dfrdall apdr DERegeNsr aptBern hfghdet | wondwediivedi nal

bi as between two sRhebf$ald? ascbpplst d£d venFi Soukd tEheeRh i OUEHE
descri bed mat hemati ¢al] anal ysi s provi des that Ehls is the case 35 . and
al so proves that tReIN&Ek & 6HH§§VPtyTP§sEFF§ Y Eaft i (e Iomagngt iche

center of a shiel dedyetementis Qﬂacgerhéfthﬁheca ﬁpitfhé/anldtﬁ;iﬁmmfar € idlecioMR
device. A 30 pr r .adj ustment. . of, .t shape par ter, é ee,_Equati on
1), yields an of F ebtPvTb As f’.i“&l&}‘dﬁ“(‘iza*)’%g? hgﬁeigEgH%enKB gE&?é‘t%f‘é’ﬁ 5.
If this bias fiel dshspeebft ¢hise fSiegni fayemt L¥2hi ghdr thkeal ongd taddmaildiyt y of
5 the Spin Val C | et inf od | | ;i el T he
free [layer. Th%go‘?glﬁﬁg%éegg%ocﬁriaé}%r& ructur lgﬁ\?vi ?%ﬁ?nﬂalﬁagw%?g%%éﬁgot h
rotati on ofl8he fraesiagée ox madfdpde tixed IANER] i ef sF@naFes| Mt f ©&m t he

nedia. Its resistagfg Wildctirieaghqr clidi@eidd ferrbagnstet hav@yianQ
Bar khausen noi se) accordin . Delta -%%é?lta / *cosgzhl)

(Equati on 54) mherghﬁﬂghi§gFL%t§ﬁ§ﬂ§sﬁskﬁggne bRt %??55m1911°
direction of the fwéenl aypreddninancéhaf ab,t kRepenatdlloys often have a
high coercivity that results in multiple magnetic
15 domains and therefore Barkhausen noise. For this
reason, NiFe (80%-20%) is often used because it has a
low coercivity. The use of a concave shape to the
free layer 112 can provide sufficient longitudinal
bias for the use of higher ccercivity cobalt alloys
20 with a larger GMR effect or for the more reliable use
of NiFe.

The longitudinal bias field 124 is initiated at
the ends of the free layer by permanent magnet
structures 120 whose magnetization is indicated by the

25 arrows 124. This longitudinal bias function can also
be provided by a second antiferromagnetic structure if
the ends of the free layer 112 are extended under or
over the bias layer permanent magnet structures 120
and it may comprise a second antiferromagnetic

30 material that pins the ends of the free layer 112.

The concave shape of the free layer 112 generates
an effective longitudinal bias between two shields 132
as 1illustrated in Fig. 6. The previously described
mathematical analysis provides that this is the case

35 and also proves that the lack of concavity results in
negligible bias at the center of a shielded element
for either a Spin Valve structure or an MR device. A



| ayer 116. This change in resistance is caused by the GWR effect between
these two | ayers. The resistance to the flow of current is mniml when the.
two | ayers are parallel (Phi=0.) and it is nmaxi mal when they are 20
opposi te (Phi =180 degrees). The sense current is optimally adjusted to

bal ance the static magnetic field 128 of thso pinned |ayer 116 such that the
angle Phi is 90 degrees in the absence of signal flux fromthe nedia.

Maxi mum sensi ti vi tprdmesi gdabsthent amf 25he shapenpadymerer, r §égésee

| s-obtained in fhig ey il e4hghe BAVErbEER despibled ahavent beas)
principles of the ﬁ?eseﬁ% ifVedtion_in conjunction W th specific device
structure and per rerent isregheen thy nEquakienad. i n dorfhietPbaswfiald ifin

separation 30 dayelo dheibniegeangd1gensbhoti @Rahs thRdecartYvR¥yway of
exanple and not as a linitation to the Scopé of the invention

Particularlys thethrSHidl JRe¥e SHruGHEDr sTHIRle magnakiororadrg Wiltso

apFIicabIe to angég@Igogagthbc EQggit&dEﬁ&L biaghﬁechaﬁﬂqe&, aptaidb

val ve type sensors,, GVR deviges  ,and ta those MR deyices,npot utilizing a
P T Shodrobnfh

separation |ayer. NOTSoWEe “WithShER i3 rEe ST R pAPERERPS  © i ment
as a 31 read hefiteé nlayér skndriesponisiee too etbat magramttionsignal sflux

applicable to use as a &e%ﬁn%{%ién 1t 2pg AQ%E‘L%%aﬁEQ g&&&r thFRY¥LeE BRafge

storage applications: at'a transducer conprising: a
subst anti al1§ pl antr arshgeaieralyl nel SAFihauses Modise JprAalaRding &7 r st
axi s thereof extending between first and second end portions and a second

De'ta R;R = -((Celta R/R)max,2.)*cos(Phi} (Equation 54)

where Phi is the angle between the magnetization
15 direction of the free layer 126 and that of the pinned
layer 116. This change in resistance is caused by the
GMR effect between these two layers. The resistance
to the flow of current is minimal when the two layers
are parallel (Phi=0.) and it is maximal when they are
20 opposite (Phi=180 degrees). The sense current is
optimally adjusted to balance the static magnetic
field 128 of the pinned layer 116 such that the angle
Phi is 90 degrees in the absence of signal flux from
the media. Maximum sensitivity to signal flux and
25 maximum dynamic range is obtained in this way.

While there have been described above the
principles of the present invention in conjunction
with specific device structure and permanent magnet
thin film bias in conjunction with a thin separation

30 layer, the foregoing description is made only by way
of example and not as a limitation to the scope of the
invention. Particularly, the principles of the
present invention are also applicable to
antiferromagnetic longitudinal bias techniques, spin

35 valve type sensors, GMR devices and to those MR
devices not utilizing a separation layer. Moreover,
although illustrated in a particular embodiment as a



5 axis thereof at a substantially nedian point between said first and
second end portions; first and second | ongitudi nal biasing el enents
overlying said substrate presenting respective first and second | ateral
edges adjoining said first and 10 second end portions of said substrate
and respective first and second nedi al edggs displaced fromsaid
substantially nedian point; a magnet oresi sti ve regi on overlying

sai d substrate exteiuli Rgagubat antdisk! wriRlereahsaptebbnt! ihventioandSecond
medi al edges of said first and second | ongitudi nal biasing elenents, said

magnet or esi sti ve 3E3F APRIERRNS 1P ¥5S ASr BaSERFAN dth ARG e® s8€ond
axis fromsaid subsi@nt¢snputdEediads Baiotladed ayixiddtséngind second nedi al
edges of said first and 20 second | ongi tudi nal biasing el enents. 2.

The data transducer of claim1l wherein said first and second | ongi tudi nal

bi asi ng el ements conprise pernmanent nagnet |ayers. 3. The data

transducer of claim2 wherein said pernmanent magnet |ayers conprise CoPt.

4, The data transducer of claim 1 wherein said magnetoresistive region
conprises N Fe. 5. The data transducer of claim1l wherein said increasing
width is defined by a concavity in a side of said magnetoresistive region
extendi ng between said first and second nedi al edges. 6. The data
transducer of claimb5 wherein said concavity varies parabolically as the

di stance fromsaid first and second nedial edges to said 33
substantially nedian point is decreased. 7. The data transducer of claim
5 wherein said concavity is defined by an exponential function of the



square of the distance from a center |ine perpendicular to said
first axis through said 5 substantially nedian point to said first and
second nedi al edge The data transducer of claim 7 wherein a stripe
hei ght (S) of said ,I%"q ﬂlﬂs Hull s substantially defined by the equation
S=s*exp( k*(x[err]) stripe hepght at said substantially

medi an point, X is the di'stance fromsaid center line and k is the
spatial constant of sal d exponential function. 9. The data transducer of
claim1l1 further c%ng first and second separation | ayers interposed
bet ween sai d magn tive region and said first and second nedi al edges
of said first and second | ongitudi nal bi asi ng el enents. 10. The

data transducer foc a head di sk assenbly;

at | east one magnetic stgéa(a?a erd a&%é%t a%f%% contained within said

head di sk assenmbly havidgsy ?&aéﬁééddb’l eplapaeondangenerakbhyt edpagate

posi tioner nmechani supsONAY YpFOLAREDRY M £iHdt SRid thséeofdle&leena%%nbly
for positioning said data transducer W th respect to said st or age

medi a to enabl e r RRFYRFHI LeFkcAEd p’%ﬁ‘f?%seﬁf‘ PREF1GRSa. arﬁ apsecond
magnet or esi S i ve davi<€erworast singa auasagaﬁtﬁzaesysmeueaat podhtir Bepvesant i ng

first and second £ di_ sposed ed rt|o transversetoaflrst
axi s thereof defi nﬁoﬁgds gr%ragltt E\ﬂedoc?e?/cf c% r '8‘?0%% S4nd first and second
side portions transverskits: aaséceedomnd slompitoiirad ehiaajndeederrnssi d
first and second %W*ﬂfbstanféﬁ‘%ggrétgeﬁi—ﬁéeﬁ‘cihaer%%b%hvéa‘f%?ﬁ:r' pe

hei ght increasing from-a
and second lateral edges adjoining said first and

10 second end portions of said substrate and respective
first and second medial edges displaced from said
substantially median point:

a magnetoresistive region overlying said
substrate extending substantially between said first

15 *;ﬁd second medial edges of said first and second
longitudinal biasing elements, said magnetoresistive
region presenting an increasing width along said
second axis from said substantially median point to
said first and second medial edges of said first and

20 second longitudinal biasing elements.

2. The data transducer of claim 1 wherein said first
and second longitudinal biasing elements comprise
permanent magnet layers.

3. The data transducer of claim 2 wherein said
permanent magnet layers comprise CoPt.

4. The data transducer of claim 1 wherein said
magnetoresistive region comprises NiFe.

S. The data transducer of claim 1 wherein said
increasing width is defined by a concavity in a side
of said magnetoresistive region extending between said
first and second medial edges.

6. The data transducer of claim 5 wherein said
concavity varies parabolically as the distance from
said first and second medial edges to said



34 nmedian point to said first-and second oppositely disposed end portions;
and first and secon | ' gasi ng el enents di sposed adj acent to
said first and secoiﬂ!ﬂﬁ@ﬂﬁ'ﬂ"rﬂmnmrons of said magnetoresistive
structure. 12. The esunsis ve- device of claim 11l wherein said first
and second | ongitudi nal biasing elements camprise pernmanent nmagnet | ayers.
13. The nmgnetoresistive device of claim 12 wherein said permnent magnet

| ayers conprise GoRtstdrtidhky noegdbanrpsisti ve decreased.claim 11 wherein
said active devi regi ri I35e. e 1D e TH nat anestsid v Vi ce
of claim1l11l \A,herg}ie'n sgil‘rgé]s%%m%e Egigagtaﬁ?gréeﬂfnegl%?{ﬂa%cg?\lg%%ril igfalqgt

| east one of sai dcdncavitndsaadided fy For expeneptialdi funetion afelhee
region. 16. The g%a\gﬁeé or @¥ St kue deyiseafbeCl aFppaS Whergdmesai diggecavity
vari es parabolically as the distance is decreased fromsaid oggosi tely

di sposed end por tRFREABL Gt eFCl | $@ ibsELREFal P¥1Sar &MFERIRo §37H 5
opposi tel y sdi sposathethpiaipnied@itangiaight htoughidaifdrstbahdntieabhit

medi an point. 17. The magnet oresistive device of claim15 wherein said
concavity is defi Iy E¥%Xponential function of the square of the

di stance from a cent erThe ndatp®r pradsdubar tod sdiadnf T sthexeiis ahstughesai d 5
substantially nmedi i taesalp fi a ORROY Is ed end
portions. 18. Tﬂ{e&?}%gnepa eg’f“sﬁa\‘}e& d&eél{:%e@%ﬁ?\%f&%’&%ﬁ?@ﬁﬁb%}tﬁngé?g?gt ripe

hei ght (S) of saideherphtty ddiesgdatdan & s%exp it ant Yeerey s igefhfed

by t he_ equat 'QE\::.%@’}-@(W Qﬁ?)s)ai‘@“%h%s%aﬂn%ﬂah@yshéhﬁ?&n fkﬁiigjftt,_ gtisaid 5
substantially nmedian paint,” x is the distance fromsaid center |ine gnd k

is the spatd al com® afiStRNSS dEERPoredt R alSSMhRY | dAne1@ndrhk is th
magnet or esi sti ve gieat ] odordbamt 1df feaideexponential function.

9. The data transducer of claim 1 further comprising
first and second separation layers interposed between
said magnetoresistive region and said first and second
medial edges of said first and second longitudinal

)

biasing elements.
10. The data transducer of «claim 1 further
comprising:

a head disk assembly:

at least one magnetic storage media rotatably
contained within said head disk assembly having data

U

encodable thereon: and
at least one positioner mechanism movably
contained within said head disk assembly for
positioning said data transducer with respect to said
10 storage media to enable reading of selected portions
of said data.
11. A magnetoresistive device comprising:
a magnetoresistive structure presenting first and
second oppositely disposed end portions transverse to
a first axis thereof defining an active device region
5 and first and second side portions transverse to a
second axis thereof extending between said first and
second end portions defining a device stripe height,
said stripe height increasing from a substantially



conprising first and second separation |ayers 35 interposed between
said active device region-and said first and second | ongi tudi nal biasing

el enents. 20. The Wi vice of claim 1l further conprising: a
head di sk assenblyﬁ@ﬂm gmlr"mmetic storage nedia rotatably 5
contai ned within sai gadLdi sk assenbly hayi ng data encodabl e thereon; and
at | east one positioner nechani sm novably contained wthin said head

di sk assemdly T qlo 10 { p@IhRO 651 daFRONEL PEESItid Ve edBRECoppddi tempect
10 to said storage nedia to enable reading of selected portions of said
data. 21. A nagnetdrsRased RS ANSLORSi A% i rst and second | ongi t udi nal

biasing elenments disposesk anfasesbndppedigigudinatl anichssiarpnel emehts
portions of an actj.ve nagpetos.esi stive region havyi i nterconnectin i rst
5 and secofdSPO e a‘{:'aé:&nttti oﬁg allﬁer%#,gg aggi dsecog& ¥hd
magnet or esi Sti ve rpgitirorcongl iss inlg magne&otriesd sttrivek stirdchugebst antial |y

defined by a distance nee | q first t4 e 10
a stripe height dgT |:negﬁ{)y ’a%%ogﬁgésgéﬁe?rﬁ%%f%%difs)g?})end si de
portions, said strsasl heéight dpdrsaspnd viangifiusttinsde Fiamindi @l §7eR%Es and

second end portiong,fivadd e Sitisindnhhghkt Taeds.poi nt. 22. The
magnet oresi stive sensor of claim?21 whérein said first and second eiﬂ]
ermfbfi &E%’r e

| ongi t udi nal bi asilfy el BHEMRINGATESIS tidemad ik L3/ ets W
magnet or esi stive seNSPrpimadatitnmdgnekenayersaicompeigenesptoagnet | ayers
conprise CoPt. 14. The magnetoresistive device of claim 11 wherein
said active device region comprises NiFe.
15. The magnetoresistive device of claim 11 wherein
said stripe height is defined by a concavity in at
least one of said first and second side portions of
said active device region.
16. The magnetoresistive device of claim 15 wherein
said concavity varies parabolically as the distance is
decreased from said oppositely disposed end portions
to a center line substantially parallel to said
5 oppositely disposed end portions extending through
said substantially median point.
17. The magnetoresistive device of claim 15 wherein
said concavity is defined by an exponential function
of the square of the distance from a center line
perpendicular to said first axis through said
5 substantially median point to said first and second
oppositely disposed end portions.
18. The magnetoresistive device of claim 17 wherein
said stripe height (S) of said magnetoresistive device
is substantially defined by the equation
S=s*exp(k*(x?)) where s is the stripe height at said

W

substantially median point, x is the distance from
said center line and k is the spatial constant of said
exponential function.

19. The magnetoresistive device of claim 11 further
comprising first and second separation 1layers



24.  The magnetoresistive sensor of cIa|n121 mhereln sald active
nagnetore3|st|ve reglon conprises Ni Fe. 25. The magnetoresistive sensor of

clai m 21 wherein sai Hmmmﬂﬂ“&m{lns defined by a concavity in at |east
one of said first an tions of 36 said active
magnet or esi stive regién.°® The nagnetoreggstlve sensor of claim25
wherein said concavity varles parabolically as the distance is decreased

frOg] sai d opposi ggneaépaaéai Béﬁwéenasaﬂdilt@étﬁmaiﬂibfé gmdlgiri )&rﬁﬁrsﬂ1|&| to
sai d opposing en rtions.extend t ugh_ sai ubstantially

medi an poi nt . f+ﬁ§tnﬁ§ﬁe?8F8EPsvaﬁlﬁaﬁéB?{O?gﬁﬁ %ﬁ?%&&ﬁ%ﬁn sai d
concavity is deflned byhanmagpehembsabtﬁuecﬁeumcefofhelaqmadé dlurtther

di stance froma CQQLSE § substantially parallel to said opposing end
portions 5 t hrotg 8a'd’ substantial |y medi an point to said first and
second end portions. 28.h#¥hd dagketssenbsYive sensor of claim27 wherein

sai d stripe height (S)ef 15t n@ﬂaetm%%%lt%' V&&%@@rmééla FHsiaHal |y
defi ned bg t he equati on S=s*exp(K*(x2)). .whe is the stripe height

at said 5 sub§P§ﬁFFﬁFﬁyWH§BF§nSﬁé?npeaﬁ FésﬁhéséngéMcéaﬂﬁ&%:ﬂ£§f
center line and kensotihBlspeheégkoa®nghant of said exponential function. 29.
The magnet oresi stive sepsor, of claim 21 fut rst nd

er n
second separation |af rslﬁﬁﬁgrpégga bB?ﬁééh°%%fdn§8Fﬁeggﬁﬁgn i%st i ve
regi on and sai d fcostaanddseoditthirongsaidi nhkealli asiisk 5 asseabbyrentfszr 30.

lgge”mﬁ?;?t oresi st Ly ; §$BR0hgOLa ¢h2h Iy rdt SHEL NEE i FP UV &ri th B Ursk

10 to said storage media to enable reading of selected
portions of said data.
21. A magnetoresistive sensor having first and second
longitudinal biasing elements disposed adjacent
opposing first and second end portions of an active
magnetoresistive region having interconnecting first

5 and second side portions = thereof, said
magnetoresistive region comprising:

an active track width substantially defined by a

distance between said first and second end portions:
and

10 a stripe height defined by a distance between
said first and second side portions, said stripe
height decreasing with distance from said first and
second eﬁd portions toward a substantially median
point.
22. The magnetoresistive sensor of claim 21 wherein
said first and second longitudinal biasing elements
comprise permanent magnet layers.
23. The magnetoresistive sensor of claim 22 wherein
said permanent magnet layers comprise CoPt.
24. The magnetoresistive sensor of claim 21 wherein
said active magnetoresistive region comprises NiFe.
25. The magnetoresistive sensor of claim 21 wherein
said stripe height is defined by a concavity in at
least one of said first and second side portions of



at | east one magnetic storage nedia. rotatably 5 contained within said

head di sk assenbly hayj dabl e thereon; and at | east one
posi ti oner mechani sm MMI m’@gﬁ “g’L within said head disk assenbly
for positioning said ensor with respect 10 to said

storage nedia to enable reading of selectedportions of said data. 31. A
gi ant magnet oresi stive sensor having first "and 37 second | ongi t udi nal

bi asi ng el ements ggggogggiagjﬁsgﬂétﬁpgg§gegvgiQ@biggg second end portions
I C

of a freely rotating ferromgne ayer. having i'nterconnecting first and
second side porti8As tFBeeBrINghryesafisdves sensorath&laift|qfivhprein

structure conpri SEH@!dacBhaéN:rD@% l\aeile A BE N 21 19 ARedhbay PEt Mk a Spacer
| ayer interposed hetween said freel rotatlng ferronagnetlc | ayer and said
S

pinned | ayer, sai deFEPPSREGAEPT cSPLyPPRBFHPFsPRY: Paptions to S ve
track width subst anheal sybsednticgll by pakslbere thet wadd sapposingt earnd

second end portions,,and_a ri.Re..hei.ght fined, b | said
first and second EPEELSgFtF%%gbgggpdkggﬂﬁﬁi fk éﬁéﬁéﬁﬁgéﬁggiéﬁgqﬁﬁﬁ&th
di stance from sai gofinkst and second end portions toward a substantially

median point. 32 ,30e §hanhaGRABELELSKIVEYR IGO0 lo1dl i oS kI N
said first and second [ongltddi na I asi ng el enments conprise pernmanent
magnet |ayers. 33Sa¥fec@Psavikighet 8eddned RY sHhse¥Peientt i ln BunGianei n
said pernmanent negpettHayekEageMyf SEhEORistahce TiEol at cengBet ariasd stive
sensor of claim 31 whereln 33y dplb8eld: " Y% (AR LS J 3 ons
5 through said substantially median point to said first
and second end portions.
28. The magnetoresistive sensor of claim 27 wherein
said stripe height (S) of said magnetoresistive sensor
is substantially defined by the equation
S=s*exp(k*(x?)) where s is the stripe height at said
5 substantially median point, x is” the distance from
said center line and k is the spatial constant of said
exponential function.
29. The magnetoresistive sensor of claim 21 further
comprising first and second separation layers
interposed between said active magnetoresistive region
and said first and second longitudinal biasing
5 elements,
30. The magnetoresistive sensor of claim 21 further
comprising:
a head disk assembly:
at least one magnetic storage media rotatably
5 contained within said head disk assembly having data
encodable thereon; and
at least one positioner mechanism movably
contained within said head disk assembly for
positioning said magnetoresistive sensor with respect
10 to said storage media to enable reading of selected
portions of said data.
31. A giant magnetoresistive sensor having first and



conprises Ni Fe. 35. The giant magnetoresistive sensor of claim31 wherein
said stripe height is defined by a concavity in at |east one of said first

and second side port Ilﬂ"m[mlmmﬂmﬂp rotating ferronmagnetic |ayer. 36.
The gi ant nagnet or esil & | ai m 35 wherein said concavity varies
parabolically as the distante I's ﬁec?eased3gron1said opposi ng end portions
to a center |ine substantially parallel™ to said 5 opposi ng end

portions  extendsigonshf ifltug 110 p3u83haN01 Bhike BREI Sbad Hlajatlnt The

gi ant magnet oresi strve sensor o ereirn said concavity 1s _defined
by an exponenti al oPpog88ngufdrssn B t$RE(apBdoPantd NSt @hcd fHTeRLY

center line substapthahihy RFRir#olmalynkeisailhyrdiPORaRIngNd Meridoneddihgugh
sai d substantlall¥_ned|an point to s%%f First and_secon end,gortlons. 38.
The gi ant magnet of 8575t APE SEFSGR 5198 RMBPIheFBRReO8ai §218t S5 hei ght

(S) of sasd gidotthegndnenediiagi e sepacture udwyimidirgg |y gdiinied by
the equation S=s*exp(k*(x2)) Wiere s ]| L.pe 5 eLgh I d
substantial ly medlfgﬁg oi(“ﬁ‘[%fa)r%yl‘lggt e %f%‘%%ﬁc%&?%masn& dacgﬁ%gregl iqtr?g%gnd k
is the spatial cohstenposéd siétvexpaid ifiedlyhqidtat irgp feFrongigmetic
magnet oresi stive $gpsar,Qh géfga 'Bﬁ*?né&”l_té(}eér,cmd S di-drldgitetddd 199epnd
separation |ayers I nterposed between said freely rotating ferromaghetic

| ayer and sai d fi f3PPHEAEALBEtoNd | ongi tudi nal biasing 5 el enents. 40.

The giant fagnetoresi shhvecEER§ Ofr&dk aliditA FubdddieialagMmde fSined by Aead
di sk assembly; at | epsl QNg.MBINRTLS: 81 21808 IBY' 230" 2 portions:
and
a stripe height defined by a distance between
said first and second side portions, said stripe
15 height decreasing with distance from said first and
second end portions toward a substantially median
point.
32. The giant magnetoresiéﬁive sensor of claim 31
wherein said first and second longitudinal biasing
elements comprise permanent magnet layers.
33. The giant magnetoresistive sensor of claim 32
wherein said permanent magnet layers comprise CoPt.
34. The giant magnetoresistive sensor of claim 31
wherein said freely rotating ferromagnetic layer
comprises NiFe.
35. The giant magnetoresistive sensor of claim 31
wherein said stripe height is defined by a concavity
in at least one of said first and second side portions
of said freely rotating ferromagnetic layer.
36. The giant magnetoresistive sensor of claim 35
wherein said concavity varies parabolically as the
distance is decreased from said opposing end portions
to a center 1line substantially parallel to said
5 opposing end portions extending through said
' substantially median point.
37. The giant magnetoresistive senso; of claim 35
wherein said concavity is defined by an exponential



5 contained within said head di sk assenbly having data encodabl e
t hereon; and at | east one positioner nechani smnovably contained wthin

Sensor with 10 ﬁlﬂlﬂﬂﬂl MPIERAN: or 20 e & 20" onare T eadi no of

sel ected portions of “saf d at"a. 18

function of the square of the distance from a center
line substantially parallel to said opposing end
portions through said substantially median peoint to
said first and second end portions.
38. The giant magnetoresistive sensor of claim 37
wherein said stripe height - (S) of said giant
magnetoresistive sensor is substantially defined by
the equation's=s*exp(k*(xﬂ) where s is the stripe
5 height at said substantially median point, x is the
distance from said center line and k is the spatial
constant of said exponential function.
39. The giant magnetoresistive sensor of claim 31
further comprising first and second separation layers
interposed between said freely rotating ferromagnetic
layer and said first and second longitudinal biasing
5 elements.
40. The giant magnetoresistive sensor of claim 31
further comprising:
a head disk assembly:
at least one magnetic storage media rotatably
5 contained within said head disk assembly having data
encodable thereon; and
at least one positioner mechanism movably
contained within said head disk assembly for
positioning said giant magnetoresistive sensor with
10 respect to said storage media to enable reading of
selected portions of said data.



