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Background of the Invention

c eld
This invention relatesgs in general to a direct access storage
devlée (DASb) of the type utilizing dual spin valve
magnetoresistive sensors for readiné signals recorded in a
magnetic medium and, more particularly, it relates to a DASD

having a self-biased dual spin valve sensor.

w

Computers often include auxiliary memory storage devices
having ﬁedia on which data can be written and from which data can
be read for later use. A direct access storage device (disk
drive) incorporating rotating.magnetic disks are commonly used
.for storing data in magnetic form on the disk surfaces. Data is
recorded on concentric, radially spaced information tracks on the
disk surfaces. Magnetic heads including read sensors are then
used to read data from the tracks on the disk surfaces.

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

MR sensor detects a magnetic field throﬁgh the chaﬁge in the
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Ln hi gh capacity disk drives, magnetoresistive read sensors, conmmonly
referred to as MR heads, are the prevailing read sensors because of their
capability to read data froma surface of a disk at greater |inear
densities than thin filminductive heads. An MR sensor detects a magnetic
field through the change in the -2- resistance of its MR sensing |ayer
(also referred to as an "MR el enent") as g function of the strength and
direction of the magnetic flux being sensed by the MR | ayer. One type of MR
sensor currently under devel opnent is giant magnetoresistive (GVWR) sensors
mani festing the GWR effect. In the GV sensors, the resistance of the M
sensing |l ayer varies as a function of .the spin-dependent transm ssion of

t he conduction el ectrons between the nmagnetic | ayers separated by a

non- nagneti eesistance of its MR sensing layer (also referred to as an "MR
elemént") as a function of the strength and direction of the
magnetic flux being seﬁsed by the MR layer.

One type of MR sensor currently under development is éiant
magnetoresistiﬁe (GMR) sensors manifesting the GMR effect. 1In
the GMR sensors,“the resistance of the MR sensing layer varies as
a funiction of the'spin-dependent transmission of the conduction
electrons between the magnetic layers separated by a non-magnetic
layer (spacer) and the accompanying spin-dependent scattering
which takes place at the interface of the magnetic and non-
"magnetic léyers and within the magnetic layers.

GMR sénsors using only two layers of ferromagnetic material
(e.qg.., N}Fe or; Co or NiFe/Co) separated by a 1a§er of GMR
promoting non—magnetic metallic material (e.g., copper) are
generally refeired to as spin valve (SV) sensors. 1In an SV
sensor, one of the ferromagnetic layers, referred to as the
.pinned layer, has its magnetization typically pinned by exchange
coupling with an antiferromagnetic (e.g., NiO or FeMn) layer.
The pinning field generated by the antiferromagnetic (AFM) layer
is usually equal or greater than 200 Oersteds (Oe) so that the
magnetization direction of the pinned layer remains fixed during
the application of external fields (e.g., fields from bits
recorded on the diék). The magnetization of the other layer,

——

referred to as the free layer (free magnetic layer), however, is



Iayer (spacer) and the acconpanyi ng spi n-dependent scattering which takes .
place at the interface of the magnetic and non- nmagnetic layers and within
the magnetic |layers. GVWR sensors using only two |ayers of ferronagnetic
material (e.g., NiFe or Co or N Fe/Co) separated by a |layer of GW
pronoti ng non-magnetic netallic material (e.g., copper)-are generally
referred to as spin valve (SV) sensors. Inzan SV sensor, one of the
ferromagnetic |ayers, referred to as the pinned layer, has its

magneti zation typically pinned by exchange coupling with an
antiferromagnetic (e.g., NNO or FeWnh) layer. The pinning field generated by
the antiferromagnetic (AFM layer is usually equal or greater than 200
Qersteds (Ce) so that the magnetization direction of the pinned | ayer

remai ns fi xatPtividizeg @nd ippfreattiorothtexivrresponisel e the gfield dirmm fthem
bits recordgggﬁ€ the disk). The magnetization of the other layer, referred
to as the fr ‘ayer (free magnetic |ayer), however, is

Fig. 1 shows a prior art SV sensor 100-comprising end
regions 104 and 106 separated by a central iegion 102. A free
layer (free MR layer) 110 is separated from a pinned layer
(pinned MR layer) 120 by a.non-magnetic, e1ectrica11y-¢6nducting
spacer layer 115. The magnetization of the pinned layer 120 is
fixed through exchange coupling with an antiferromagnetic (AFM)
layer 125. Free layer_llo, spacer lafer 115, pinned layer 120
and the AFM layer 125 are all formed in the central region 102.
Hard bias layers 130 and 135 formed in the end regions 104 and
106, respectiﬁely, provide longitudinal bias for the Mﬁ free
layer lip apd the pinned layer 120. Leads 140 and 145 formed ‘
over hard bias léyers 130 and 135, respectively, provide
electrical connections for the flow of the sensing current I,

- from a current source 160 to the MR sensor 100.

The SV effect, i.e., the net change in resistance, exhibited
by a typical prior art SV sensor is about 3% to 4.5%. U.S.
Patent“No. 5,206,590 eptitled “Magﬁetoresistive Sensor Based On
The Spin Valve Effect", granted to Dieny et al. on April 27,
1993, discloses an MR sensor operating on the basis of the spin

valve effect.

Referring to Fig. 2, there is shown another type of spin

valve sensor commonly referred to- as dual spin valve sensor 200,
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-3- not fi,xed and is free to rotate in response to the field fromthe di sk,
Fig. 1 shows a prior art SV sensor 100 conprising end regions 104 and 106
separated by a central region 102. A free layer (free MR layer) 110 is
separated froma pinned |ayer (pinned MR layer) 120 by a non-nmagnetic,

el ectrically-conducting spacer. |ayer 115. The magnetization of the pinned
| ayer 120 is fixed through exchange coupling with an antiferromagnetic
(AFM) |layer 125. Free |layer 110, spacer -l4yer 115, pinned | ayer 120 and
the AFM | ayer 125 are all fornmed in the central region 102. Hard bias

| ayers 130 and 135 formed in the end_regions 104 and 106, respectively,
provi de | ongitudinal bias for the MR free layer 110 and the pinned | ayer
120. Leads 140 and 145 fornmed over hard bias |ayers 130 and 135,

respectivel ycoppoisitegy end regions 204 and 206 separated by a central region
202. A free layer (free MR layer) 210 is separated from two
outer pinned (pinned MR layer) layers 220 (le) and 230 (PL2) by
two SV p;omoting épacer layers 240 and 250, respectively."The
magnetization of the first pinned layer 220 is fixed through
exchange. coupling with a first antiferromagnetic (AFMl) layer
225. The magnetization of the second pinned layer 230 is fixed
through exchange coupling with a second antiferromagnetic (AFM)
layer 235 (AFM2). free layer 210, spacer layers 240 and 250,
pinned layers 220 and 230 and the AFM layers 225 and 235 are all
formed in the central region 202. Hard bias layers 260 and'27o
formed in the end regions 204 and 206, respectively,
longitudinally bias the MR free layer 210. Leads 280 and 290
formed over hard bias layers 260 and 270, réspectively, provide
électrical connectioﬂs for the flow of the sensing current I,
from a current source (not shown) to the MR sensor 200.

Referring to Fig. 2, the magnetization directions of PL1 and

PL2 are arranged in such a way that a rotation of the free layer
magnetization generates an SV signal of equal sign across the SV
promoting spacers, leading to a larger SV effect in dual spin
valve sensors as compared to the SV effect in tﬁe spin valve
sensor of Fig. 1. For example, a dual spin valve sensor having a

70 angstrom thick free layer exhibits an SV effect of about 3.6%-



felec‘tricql connections for the flow of the sensing current [err] froma
current source 160 to the MR sensor 100. The SV effect, i.e., the net
change in resistance, exhibited by a typical prior art SV sensor is about
3%to 4.5% U.S. Patent No. 5,206,590 entitled "Magnetoresistive Sensor
Based. On The Spin Valve Effect”, granted to Dieny et al. on April 27, 1993,
di scl oses an MR sensor operating on the basis of the spin valve effect.
Referring to Fig. 2, there is Shown another type of spin valve sensor
commonly referred to as dual spin valve sensor 200, -4- conprising end
regions 204 and 206 separated by a central region 202. A free layer (free

MR | ayer) 210 is separated fromtwo outer pinned (pinned MR |ayer) |ayers
220 (PL1) and 230 (PL2) by

5.5% in comparison to an SV effect of about 3%-4.5% for a single
spin valve sensor of the same thickness free layer.

However, there are several significant problems associated
with the typical dual sv'sensor of Fig. 2.

Firét, a typical prior art dual SV sensor requires two
antiferromagnetic layers (AFM1 and AFM2) with sufficiently large
exchange bias fields (usually greater than 200 Oe) in order to
pin PL1 and PL2. However, in practice it is difficult to have
sufficiently large exchange bias fields for pinning the pinned
layers because exchange bias fields magnitude changes
significantly depending on whether the ferromagnetic layer is
deposited on the AFM layer (PL1 220 on AFM1l 225) or the AFM layer
is dePoSited on the ferromagnetic layer (AFM2 235 on PL2 230);

second, it is known that in a conventional spin valve sensor
(Fig. 1), the séray field from the pinned layer causes a
nonuniform magnetization-distribution in the free layer leading

" to approximately 30% reduction of the linear portion (also
referred to as the "usable portion" or "dynamic range") of the SV
effect. The added stray field from the second pinned layer in
the dual spin valve sénsor reduces the SV linear range by
approximately 60%, largely offsetting the SV effect advantage of
the dual spin valve sensor; and

third, prior aft dual spin valve sensors require two AFM

layers made of FeMn or NiO in order to pin the magnetization of



Ltwo 'SV promoting spacer layers 240 and 250, respectively. The’
magneti zation of the first pinned |ayer 220 is fixed through exchange.
coupling with a first antiferromagnetic (AFML) | ayer 225. The nmgneti zation
of the second pinned | ayer 230 is fixed through exchange coupling with a
second antiferromagnetic (AFM -|ayer 235 (AFM2). Free | ayer 210, spacer
| ayers 240 and 250, pinned |ayers 220 and. 230 and the AFM | ayers 225 and
235 are all formed in the central region 202. Hard bias |ayers 260 and 270
formed in the end regions 204 and 206, respectively, longitudinally bias
the MR free |layer 210. Leads 280 and 290 fornmed over hard bias |ayers 260
and 270, respectively, provide electrical connections for the flow of the
sensing current [err] froma current source (not shown) to the MR sensor
200. Referrihgthopinglayers by pugating pinmingi £éeldsnst afbduit] 280d0BL2 are

a rotation of the free | ayer nagnetization
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leading to a(L58Ring teéilfetQlturl ¥4 néidhperature at which pinning field
for a given material reaches zero Oe) which-make their use as an
AFM layef difficult and undesirable. Referring to Fig. 3, there.
is shown the change in the pinhing field versus temperature for
‘FeMn having the blocking temperature of about 150 C (line 310)
and NiO having the blocking temperature of about 200 C (1ine'
320). Considering that a typical SV sensor used in a DASD should
be able to operate at a_consﬁént temperature of about 120 C at a
pinning field of about 200 Oe, it can readily be seen that FeMn
substantially loses it ahility to pin the pinned layer at about
120 C ang NiO can marginally provide adequate pinning at about
120 C. ‘It should be noted that once the pinning effect is lost,
the SV sensor loses its SV effect either totally or partially,
_;endering the SV sensor useless. FeMn is also very prone to
'corrosion which makes its use as an AFM layer even more
problematic than NioO.

?herefore, there is a need fbr an invention in which piﬁned
layers' magnetization-cancel each other out and further discloses
a means for pinning the magnetization of the pinned layers in a
dual SV sensor without utilizing an antiferromagnetic layer, thus
eliminating the dual SV sensor operation on the temperature

sensitivity of the AFM layers.



val Ve sensors as conpared to the SV effect in the spin valve sensor of Fig.
* 1. For exanple, a dual spin valve sensor having a 70 angstromthick free

| ayer exhibits an SV effect of about 3.6% -5- 5.5%in conparison to an
SV effect of about 3% 4.5%for a single spin valve sensor of the sane
thickness free | ayer. However, there are several signifi-cant problens
associated with the typical dual SV sensor of Fig. 2. First, a typica
prior art dual SV sensor requires two antiferromagnetic |ayers (AFML and
AFMR) with sufficiently |arge exchange bias fields (usually greater than
200 Ge) in order to pin PL1 and PL2. However, in practice it is difficult
to ‘have sufficiently |arge exchange bias fields for pinning the pinned
| ayers because exchange bias fields magnitude changes

Summary of the Invention

It is an object of the present invention to disclose a dual
spin valve sensor capable of operating at high temperatures
(above 120 C) without a loss in the sv effect caused by the
reduction in the magnetic pinning field.

It is another object of the present invention to disclose a
dual spin val#e sensor which does not use an antiferromagnetic
layer for the purpose of pinning the magnetization of the pinned
layers.

It is yet another object of the present invention to
disclose a dual spin valve sensor where the magnetizations of the
two pinned layeré cancel each other out.

Thi; and other objects and a&vantages are attained in
accordarice with the principles of the present invention by a
self-biased dual spin valve (DSV) sensor having a free layer
disposed between two piﬁned layers. where an antiparallel coupliﬁg

hlayer is utilized to split any of the three magnetic layers into
two antiparallel sublayers in order to provide a flux closure for
canceling the magnetizations of the two pinned layeré'while
keeping the SV effect additive in both spacers as well as
utilizing current induced pinning in order to eliminate the AFM

layers.

In the preferred embodiment, the DSV comprises end regions

D

separated from each other by a central region. The DSV sensor
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‘siganicantIy dependi ng on whether the ferromagnetic |ayer is deposited on
the AFM l'ayer (PL1 220 on AFML 225) or the AFM | ayer is deposited on the
ferromagnetic | ayer (AFM2 235 on PL2 230); second, it is known that in a
conventional spin valve sensor (Fig. 1), the stray field fromthe pinned

| ayer causes a nonuni form nmagnetization distribution in the free |ayer

| eading to approxi mately 30% reduction of the linear portion (also referred
to as the "usable portion"” or "dynam c-r8ange") -of the SV effect. The added
stray field fromthe second pinned |layer in the dual spin valve sensor
reduces the SV linear range by approximtely 60% |argely offsetting the SV
ef fect advantage of the dual spin valve sensor; and third, prior art dual
spin valve sensors require two AFM | ayers nade of FeWh or NNOin order to
pi n t he magriunthetri basod free layer separated from a first pinned (pinnedl)

layer by a first spacer (spacerl) layer. The pinnedl. layer
further comprises two ferromagnetic sublayers (pinnedlA and
pinnedlB guhlayers) separated from each other by an antipaiallel
spécerQ PinnedlA sublayer, which is disposed between the free
layer and the pinnedlB sublayer, has a magnetic moment which is
smaller than the magnetic moment of the pinned;B sublayer.
Pinnedl layer further has a magnetic moment which is the net

. magnetic moment of the two ferromagnetic sublayers.

Antiparallel spacer is made of non-magnetic material suéh as
ruthenium (Ru), which in the appropriate thickness rahges
(preferably between 2 to 8 A) provides a large antiferromagnetic
(antipagpllel) coupling between adjacent ferromagnetic layers.
This antiferromagpetic coupling is strong enough to maintain
antipaiallel alighment of;the adjacent ferromagnetic layerxrs'
_(pinnédlA and pinnedlB) magnetizations, even in the presence of

. large external fieldé.

The free layer is also separated from a second pinned
(pinnegz) layer by a second spacer (spacer2) layer. ‘The second
pinned layer has a second magnetic moment. The net magnetic
moment of the first pinned layer and the magnetic moment of the
second pinned layer are further set (through the selection of
proper thickness) to be equal. The'free layer is sandwiched

el

between the first and second spacer layers. The free layer

This Sheet Has Been Reilaced

(Ao




.- 6- ‘both pin layers by creating pinning fields of about 200 Ce. However,
"both Fevh and N O have rather | ow bl ocking tenperatures (bl ocking
~tenperature is the tenperature at which pinning field for a given materia
reaches zero Ce) which nake their use as an AFM | ayer difficult and
undesi.rable. Referring to Fig. 3, there is shown the change in the pinning
field versus tenperature for FeMWn havingkthe bl ocki ng tenperature of about
150 C (line 310). and Ni O having the blockrng tenperature of about 200 C-
(l'ine 320). Considering that a typical SV sensor used in a DASD should be
able to operate€ at a constant tenperature of about 120 C at a pinning field
of about 200 Ce, it can readily be seen that FeMh substantially |oses it
ability to pin the pinned |ayer at about 120 C and Ni O can marginally
provi de adeqtegetpénnvikh dthealfdust 180d Geddnds bpatdr iaywiscdriehfurenee t he
pinning effect is |ost, the SV sensor loses its SV effect either totally or

partially reRARAVEGhed Petvess she fixsteand pepandspinned Javers.onBheofree |

layer, the first and second spacer layers and the first and
second p;nned layers are all formed in the central region"and are
referred to as the DSV element (material).

Longitudinal bias layers formed in the end regions provide
longitudinal biasing for the free layer. ‘Each longitudinal bias
layer further forms a contiguous junction with the DSV element.
The DSV sensor further has two leads (first and second DSV leads,
-also referred to as DSV leads) formed on said lbngitudinal bias
layers for providing sense current:to the DSV element.

The first and second spacer materials are chosen from a
class of;materials that promote SV effect such as copper, silver
or gold:: These materials produce a ferromagnetic coupling
between the neighboring magnetic layers favoring parallél
_alignment of their magnetizations.

In the absence of sense current (no sense current applied to
the DSV sensor), the magnetization_of.the free layer, pinnedlA
sublaygr and pinnedz.;ayer are set to be parallel with each
other, in the same direction and in parallel with the air bearing
surface (air bearing surface (ABS) refers to the surface of the
magnetic head, including the-DSV.sensbr, adjacent the magnetic
disk surface). The above magnetic states are achieved through

balancing the strength and direction of the 1ongitudina1-gzés
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corrosion which makes its use as an AFM | ayer even nore probl ematic than
Ni O Therefore, there is a need for an invention in which pinned | ayers'
magneti zati on cancel each other out and further discloses a neans for

pi nning the magneti zation of the pinned | ayers in a dual SV sensor w thout
utilizing -an antiferromagnetic- layer, thus elimnating the dual SV sensor
operation on the tenperature sensitivity of the AFM | ayers. 7 SUMVARY OF
THE INVENTION It is an object of the pregpnt invention to aneliorate one or
nore di sadvantages of the prior art. According to one aspect of the present
I nvention there is provided a dual spin valve (DSV) sensor having first and_
second end regi ons separated from each other by a central

field, the magnetic initialization procedure ( i.e., temporary
application of a large field in a particular orientation), and
the strength of the magnetic coupling across the various spacers.
In the apsence of sense current, the magnetization of the
pinnedlB sublayer is also set to be parallel with the. ABS and
antiparallel with the pinnedlA sublayer through the use of the
_antiparallel spacer.

In the presence of the sense current.(sense current applied
to the DSV sensor), pinnedIA and pinned2 magnetizations rotate by
about 90 degrees toward the ABS to become substantially
perpendicular to tﬁe ABS while pinnedlB magnetization rotate by
about 90 degrees away from the ABS to become substantially
perpendipular to the ABS. The above magnetization states
(substantially perpendicular to the ABS) are achieved through:
(1) utilizing current induced magnetic fields; (2) ensuring that
.the net magnetic moment for the first pinned layer is

'substantially equal to the magnetic moment for the second pinned
layer ("substantially equal"™ means that the difference between
the net magnetic moment of the first pinned layer and the
magnetic moment of the second pinned_layer is less than the
magnetic moment of a 20 A thick permalloy); and (3) ensuring,
through prbper thickness selection, that the pinnedlA sublayer

moment is larger  than the pinnedlB magnetic moment.
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reglon said DSV sensor conprising: a DSV elenent in said central region,
"sai d DSV ‘el ement - including: a free layer; a first pinned | ayer having a
first net nmagnetic nonent, 'said first pinned |ayer having: first and second
pi nned magnetic subl ayers; and an antiparallel spacer disposed between said
first and second pi nned magneti c subl ayers; a second pinned | ayer having a
second nmagnetic nonent, said second magnetic noment being substantially
equal to said first magnetic nonment; a-fi¥st spacer | ayer di sposed between
said free |ayer and said first pinned | ayer; and a second spacer | ayer
di.sposed between said free |ayer and said second pinned |ayer, said free

| ayer bei ng di sposed between said first spacer |ayer and said second spacer
| ayer; first and second |ongitudinal bias layers formed in said first and
second end regi oA®, thespeesencs wf tbhe S@mga tavaiceat| yseknmlmg'realtdappbmd

L aver o2 kR BB, BRRRIR S TRk b St A ere
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parallel with the ABS by utilizing any combination of the
follow1n§ knowﬂ factors: (1) adjusting the coupling fields
between the free and pinnedlA and pinned2 layers through first
and second spacer thicknesses; (2) adjusting the thickness and
resistivity of the various layers constituting the DSV material
in order to modify the distribution of the sense current through
the DSV sensor and therefore the current induced field acting on
the free laygr; (3) creating aﬁ imbalance between the net moment
of the first pinned layer and the moment of the second pinned
1ayer_(tpe magnetic imbalance between the net magnetic moment of
the firsﬁ pinned layer and the magnetic moment of the second
pinned layer must he:less than the magnetic moment of a 20 A
Fhick permalloy); and (4) positioning the sensor asymmetrically

' between the shields. .

The use of the flux closure (i.e., pinned layers®
magnet;zations canceling each other out) in combination with the
sense éurrent induced ﬁinning as a meahéﬂof pinning the
magnetizations of the pinned layers eliminates the sensor
operation dependency on the AFM layers; it provides a dynamic |
means for pinning the pinned layers  in the case that the sensor

becomes inoperative due to sudden change in temperature or sudden
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current to said DSV el enment for pinning the nagnetlzatlon of said first and
"second pi nned | ayers. According to another aspect of the present invention
there is provided a nmagnetic storage system conprising: a magnetic storage
medi um for recording data; a dual spin valve (DSV) sensor having first and
second end regions separated fromeach other by a central region, said DSV
sensor conprising: a DSV elenent in said. entral regi on, said DSV el enent
including: a free layer; a first plnned'ﬂayer having a first net magnetic
nonent, said first pinned | ayer having: first and second pinned nagnetic
subl ayers; and an anti parallel spacer disposed between said first and
second pi nned nagnetic subl ayers; a second pinned | ayer having a second
magneti c nonent, said second magnetic nonment being substantially equal to
sai.d first nogpedt ithTehe; diisk} raid Hehe sayertidies ptrag fiefddbaiowitiy oa d
free layer and said first pinned |layer; and a second spacer |ayer disposed
bet ween sai dthe @dges/ @f shg fuee lLavem@ne Anbstantiallysgliminated dua teei ng

di sposed cancellation of the equal magnetic moments between the pinned

layers.

Brief Description of the Drawings
For a fuller understanding of the nature and.advantages of
the present invention, as welllas the preferred_mode of use,
reference should be made to the following detailed description
read in conjunction with the accompanying drawings. In the
following drawings, like reference numerals designate like or
similar partslthroughout the drawings.
Fig. 1l is an air bearing surface view, not to scale, of a !
prior a:f SV sensor using an antiferromagnetic layer;
Fig. 2 is an air bearing surface view, nét to scale, of a
prior art DSV sensor using two-antiferromagnetic layers;
Fig. 3 is a graph showing the relation between the pinning
field and the temperature for FeMn and NiO;
Fig. 4 is a s1mpL1f1ed diagrém of a magnetic disk storage
system embodying the present invention;
Fig. 5 is an air bearing surface view, not to scale, of the
DSV sensor of the preferred embodiment of the present invention;
Fig. 6 is a perspective view, not to scale, of the four

magnetic layers of the DSV sensor of Fig. 5 and their
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‘between said first spacer |ayer and said second spacer layer; first and
"second longitudinal bias layers formed in said first and second end
regions, respectively, for longitudinally biasing said free | ayer, said
first and second | ongitudinal bias layers formng a contiguous junction
with said DSV el enent; and first and second DSV | eads di_sposed over said
first and second |ongitudinal bias |ayers, respectively, for applying sense
current to said DSV el enent for pinning Be magnetization of said first and
second pinned | ayers; and a recordi ng channel coupled to said DSV sensor
for detecting resistance changes in said DSV el ement responsive to applied
magnetic fields representative of data recorded in said nagnetic storage
medium 1 AUG 10 According to still another aspect of the present

i nvention t lisigheltdzat Ovh desktordlan SRbNpréderted BAY) theNS0sedtay id1d thi! St _end
second and regi ons separated fromeach other by a central region, said DSV
sensor conprAeNsggcurrents el enent in said central region, said
Fig. 7 is an air bearing surface view, not to scale, of an
alternat;ve embodiment of the DSV sensor of the present
invention; and
Fig. 8 is an air bearing surface view, not to scale, of

another alternative embodiment of the DSV sensor of the present

invention.

Best Mode for Carryiﬁg out the Invention

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

Referring now to Fig. 4, there is shown a disk drive 400
embodying the present invention. As shown in Fig. 4, at least
one rotatable magnetic disk 412 is supported on a spindle 414 and
rotated by a disk drive motor 418. The magnetic recording media
on each disk is in the form of an annulaf pattern of concentric

data tracks (not shown) on disk 412.

At least one slider 413 is positioned on the disk 412, each

slider 413 supporting one or more magnetic read/write heads 421



.bsv element including: a free layer, said free |ayer having: first and
second ferromagnetic sublayers; and an antiparallel spacer disposed between
said first and second ferromagnetic sublayers; a first pinned | ayer having
a first magnetic nonent; a second pinned | ayer having a second magnetic
nonent, said second nmagnetic nonent 1 1 being substantially equal to
said first magnetic nonent; a first non-nmagnetic spacer |ayer disposed

bet ween said free layer and said first pi¥ned |ayer; and a second

non- magneti ¢ spacer |ayer di sposed between said free |layer and said second
pinned | ayer, said free |ayer being disposed between said first spacer

| ayer and said second spacer layer; first and second | ongitudinal bias

| ayers formed in said first and second end regions, respectively, for

| ongi t udi nal Whebeathaeghead XY dacbaperatemitthel MRSsensolk sef il peegehtdi nal
bias layers formng a contiquous junction with said DSV el enent; and first
and second DéV"FQEggndi s Slekssuetate s Sliday 413 okl nies madiiadlybins

e oo B orbEra P AR R SR nhad ol B SRR T
-differen; portions of the disk where desired data is recorded.
Each slider 413 is attached to an actuator arm 419 by means of a
suspension 415. The suspension 415 provides a slight spring
force which biases slider 413 against the disk surface 422. Each
actuator arm 419 is attached to an actuator means 427. The
actuator means as shown in Fig. 4 may be a voice coil motor
(VCM). The veM comprises a coil movable within a fixed magnetic
field, the direction and speed of the coil movements being
controlled by the motor current signals supplied by controller
429. " i |

Du#ing opergtion of the disk storage system, the rotation of
disk 412 generatés an air bearing between slider 413 and disk
surface 422 which ekerts an upwérd'force or lift on the slider.

" The air bearing thus coﬁnter-balances the slight spring force of
suspension 415 and supports slider'413 off and slightly above the
disk surface by a sma;l, substantially constant spacing during
normal operation.

The various components of the disk étorage sysfem are
controlled in operation by control signals generated by control

unit 429, such as access control signals and internal clock

signals. Typically, control unit 429 comprises logic coﬁzzbl



‘and second pi nned | ayers. 12 BRI EF DESCRI PTI ON OF THE DRAW NGS For a _
“full er understanding of the nature and advantages of the present invention,
as well as the preferred node of use, reference should be nade to the
followi ng detailed description read in conjunction with the acconpanying
drawings. .In the follow ng drawi ngs, |ike reference nunerals designate |ike
or simlar parts throughout the drawings. Fig. 1 is an air bearing surface
view, not to scale, of a prior art SV sedSof using an antiferronagnetic

| ayer; Fig. 2 is an air bearing surface view, not to scale, of a prior art
DSV sensor using two antiferromagnetic layers; Fig. 3 is a graph show ng
the relation between the pinning field and the tenperature for FeWnh and

N circuité, storage means and a microprocessor. The control unit
429 generates control signals to control various system
operations such as drive motor control signals on line 423 and
head pos;tion and seek control signals on line 428. The control
signals on line 428 provide the desired current profiles to
optimally move and position slider 413 to the desired data track
on disk 412. Read and write signals are communicated to and from
read/write heads 421 by means of recording channel 425.

The above description of a typical magnetic disk storage
system, and the.accomﬁanying illustration of Fig. 4 are for
reﬁresentation purposes qnly. It should be apparent that disk
storage systems may contain a large number of disks and
actuators; and each actuator may support a number of sliders. !

Noﬁ%referring to Fig. 5, there is shown an air bearing
surface view, not to scale, of a dual spin valve (DSV) sensor 500
of the preferred eﬁbodiment of the present invention. DSV sensor

" 500 comprises passive end regions 510 and 520 separated from each
other by a central active region 530. A first magnetic shield
layer 534-and a gap layer 536 are preferably, although not
necessarily, formed oﬁ a suitable substrate 532. Shield layer
534 ﬁrovides magnetic insulation for the DSV sensor 500 and is
typically made of NiFe or sendust (TM). Gap layer 536 provides
electrical insulation for the DSV sensor 500 and is generally

made of Al,0; or SioO,.



Fig. 4 is.asinplified diagram of a magnetic disk storage system enbodyi ng
"the present invention; Fig. 5is an air bearing surface view, not to scale,
of the DSV sensor of the preferred enbodi ment of the present invention;

Fig. 6 is a perspective view, not to scale, of the four magnetic |ayers of
t he DSV sensor -of Fig. 5 and their - 13 - magnetization vectors in the
presence and the absence of the. sense current; Fig. 7 is an air bearing
surface view, not to scale, of an alternttive enbodi nent of the DSV sensor
of the present invention; and Fig. 8 is an air bearing surface view, not to
scal e, of another alternative enbodi nent of the DSV sensor of the present

The DSV sensor 500 further comprises a first pinned layer
540, spacerl 550, free laygr 552, spacer2 554 and second pinned
1ayef 556 formed in that order in the central region 530 over the
gap layer 536. The free layer 552, the spacer layers 550 and
554, an& the first and second pinned layers 540 and 556 are
referred to as the DSV element (material) 590.

First pinned 1éyer 540 fu;ther comprises first and second
ferromagnetic sublayers 542 (pinnedlB sublayer) and 546 {pinnedla
sublayer) sep&rated from each other by an antiparallel spﬁcer
544, ' |

SV sensor 500 further comprises longitudinal bias (LB).
layers 572 and 574 which are formed in the end regions 510 and
520, respectively, for providing a 1ongitu§1na1 bias field to the
free lafer 552 to ensure a single magnetic domain state in the
free layer. 1In the preferred.emquiment, longitudinal. biasing
layers 572 and 574 are preferably made of hard magnetic material

" such as CoPtCr although they may also be made of other Co based
hard magnet material such as CoPtCrTa or COPtCr816,.
Longitudinal biasing ;ayers 572 and 574 are also generally formed
over underlajers 576 and 578 formed in end regions 510 and 520,
respectively. The underlayers 576 and 578 are generally made of
Cr, CxV or Ru. Layers 572 and 574 made of hard magnetic material

are generally referred to as hard bias (HB) layers 572 and 574.



~invention. Best Mode for Carrying Qut the Invention The follow ng
description is the best node presently contenplated for carrying out the

i nvention. This description and the nunber of alternative enbodi nents shown
are made for the purpose of illustrating the general principle of the
present invention and is not neant to limt the inventive concepts clained
herein. Referring nowto Fig. 4, there is shown a disk drive 400 embodyi ng
the present invention. As shown in Fig- &, -at |east one rotatable magnetic
di sk 412 is supported on a spindle 414 and rotated by a disk drive notor
418. The magnetic recording nedia on each disk is in the formof an annul ar
pattern of concentric data tracks (not shown) on disk 412. At |east one
slider 413 is positioned on the disk 412, each slider 413 supporting one or
nmor e magnet i Eacleddngitndihehdsial’ layer further forms a contiguous junction

with the DSV element 590.

Alternatively, longitudinal biasing may be accomplished
through exchange coupling each of the 572 and 574 layers '
comprising soft magnetic material with a layer of
antiferromagnetic (AFM) material formed in each end region. 1In
this configuratien, soft bias layers 572 and 574 are magnetically
hardened as a result of exchange coupling with an AFM layer.

DSV sensor 500 further comprises two electrical leads 582
and 584 (firsc and second SV leads) formed in the end regions 510
and 520, respectively, to provide electrical connection between
the DSV element and a sense current source 586 and a sensing
means 588. Sense cuirent source 586 provides the necessary sense
current: to the DSV element '590 to establish the DC base (bias)
voltage across the DSV element 590. Sensing means 588 provides
.the means for sensing the spin valve effect.

In the DSV 500, free layer 552 is made of soft ferromagnetic
material such as NiFe or NiFe/Co; pinnedlA layer 546, pinnedilB
layer 542 and pinned2 layer 556 are also made of soft
ferromagnetic material, such as NiFe or NiFe/éo; spacer layers
550 and 554 are made of SV promoting materials (SV promoting
materials are those producing a ferromagnetic coupling between
the neighboring magnetic layers, i.e., a coupling favoring

B

parallel alignment of their magnetizations) such as copper,



- 14 - where the head 421 incorporates the MR sensor of the present
invention. As the disks rotate, slider 413 is noved radially in and out
over disk surface 422 so that heads 421 nmay access different portions of
the di sk where desired data is recorded. Each slider 413 is attached to an
actuator. arm 419 by nmeans of a suspension 415. The suspensi on 415 provi des
a slight spring force which biases slider 413 against the disk surface 422.
Each actuator arm 419 is attached to anigctuator neans 427. The actuator
means as shown in Fig. 4 may be a voice coil nmotor (VCM. The VCM conpri ses
a coil nmovable within a fixed magnetic field, the direction and speed of
the coil novenents being controlled by the notor current signals supplied
by controller 429. During operation of the disk storage system the

.rotation ogilver or gold. Antiparallel spacer 544 is made of non-magnetic
materials_providing strong antiferromagnetic coupling such as Ru
'(ruthenium), Cr, Ir (iridium) and Rh. Ruthenium, in the
appropriate thickness range (preferably between 2 to 8 A) is
capable of providing a large antiferromagnetic coupling between
adjacent ferromagnetic layers. This coupling is strong endugh to
maintain antiparallel alignment of thé adjacent layers®
magnetizations, even in the presence of large eiternal fields.

It is due to this charécteristié of the antiparallel'spacer 544
that pinnedlA sublayer and pinnedlB sublayer have antiparallel
magnetizations. _ s

Note that DSV sensor 500/does not use any AFM layer in order
to pin tpe magnetization of_the pinned 1ayers{ Thus a
self-bi&éed DSV sensor refers to a DSV sensor which does not use
AFM layers in order to pin the magnetization of the pinned
_layers. DSV sensor 500 is also usually covered by a capping

' layer (not shown) followed by a second magnetic shield (not
shown).

Referring to Fig. 6, there is shown a perspective view, not
to scale, of the four magnetic layers of the DSV sensor of Fig. 5
and their magnetization vectors in the presence (dasﬁed arrows)
and the absence of the sense current (solid arrows). Referring
to Figs. 5 and 6, in the absence of the sense current I., the

magnetization vectors M, M, and M,, of the pinned2 layer 556,



di sk’ 412 generates an air bearing between slider 413 and di sk surface 422
"which exerts an upward force or lift on the slider. The air bearing thus
count er-bal ances the slight spring force of suspension 415 and supports
slider 413 off and slightly above the disk surface by a small
substantially constant spacing during normal operation. The various
conponents of the disk storage systemare controlled in operation by
control signals generated by control um$t- 429, such as access control
signals and internal clock signals. Typically, control unit 429 conprises
| ogi ¢ control - 15 - circuits, storage neans and a m croprocessor. The
control unit 429 generates control signals to control various system

operations such as drive notor control signals on |line 423 and

free layer 552 and the pinnedlA sublayer 546 are set to be
parallel with each other, in the same direction and parallel wiﬁh
the ABS 566 (positions 556,, 552, and 5465; respectively). At the
same time, the magnetization vectof M,z of the pinnedlB sublayer
542 will be parallel to the ABS 566 but antiparallel with the
other ﬁhree magnetization vectors (position 542,).
In the presence of the sense current (i.e., sense current
.flowing in the DSV sensor 500), the magnetization vector M,, of
the second pinned layer 556 rotates from positioh 556, to
position 5563 toward ABS 566 aqd becomes transverse (i.e.,
-substantialiy perpendicularf-férming a 75-105 dégree angle) to
the ABS 566i. This rotation isiane'tO'the presence of current
induced'magnetic fields which vary across the sensor thickness.
These fiélds are perpendicular to the ABS plane, and for a
particular current polarity, point towards the ABS in the second
pinned layer.

In the presence of the sense current, the magnetization
vector M, of the pinnedlA sublayer 546 also rotates from
p_ositj.gn.546A to position 546, away from the ABS 566 and becomes
transverse (i.e., substantially perpendicular--forming a 105-75
degree angle) to the-ABs 566. This rotation is also.due to the .
presence of current induced magnetic fields which vary across the

sensor thickness. These fields are perpendicular to the ABS



_head position and seek control signals on line 428. The control signals on
line 428 provide the desired current profiles to optimally nove and
position slider 413 to the desired data track on disk 412. Read and wite
signals are communicated to and fromread/wite heads 421 by means of
recordi ng channel 425. The above description of a typical magnetic disk
storage system and the acconpanying illustration of Fig. 4 are for
representation purposes only. It shout @0be apparent that di sk storage
systens may contain a |large nunber of disks and actuators, and each
actuator may support a nunber of sliders. Now referring to Fig. 5, there is
shown an air bearing surface view, not to scale, of a dual spin valve (DSV)

~sensor 500 of the preferred enbodi nrent of the present invention. DSV sensor

500 conpri assj reql 0 a r a t b
 central BUERSE B e AR A DcuBlh O P RERAY " Lot RO TERoR RS Y
| ayer 536 a8 Phetré aPinst Pilnwedohagek.necessarily, formed on a suitable

substrate 532. Shield | ayer

In the presence of the sense current, the magnetization
vector M., of the pinnedlB sublayer 542 rotates from position
542A to position 542, away from the.ABs 566 and becomes
transvefse (i.e., substantially perpendicular--forming a 105-75
degrée angle) to the ABS 566 due to strong antiparallel
magnetizatioh between the two magnetic sublayers.

As mentioned above, the presence of current induces magnetic
fields which vary across the sensor thickness. These fields are
perpendicular fo the ABS plane, and point for a particular
current polarfty, towards the ABS in the pinned layer 1 and away
from the ABS in pinned layer 2. Accordingly, the net moment of .
the firét pinned layer and the moment of the second pinned layer
will exberience a force tending to orient them antiparallél to
_each other and perpendicular to the ABS. However, the current

" induced fields alone are generally not sufficient to produce
pinned layers' magnetization alignment perpendicular to the ABS
because of demagnetizing forces opposing the perpendicular
alignment. Demagnetizing foreces, however, are minimized by
ensuring that the net magnetic moment of the first pinned layer
540 is substantially equal to the magnetic moment of the second
pinned layer 556. First pinned layer net magnetic moment is the

e

resultant of the magnetic moments of the two sublayers. The two



534 provides magnetic insulation for the DSV sensor 500 and is typically
"made of N Fe or sendust (TM. Gap |ayer 536 provides electrical insulation
"for the DSV sensor 500 and is generally nade of A1203 or [err] - 16 -
‘The DSV sensor 500 further conprises a first pinned |ayer 540, spacerl| 550,
free layer 552, spacer2 554 and second pinned |ayer 556 fornmed in that
order in the central region 530 over the gap | ayer 536. The free |ayer
552, the spacer |ayers 550 and 554, and2ihe first and second pinned | ayers
540 and 556 are referred to as the DSV el ement (material) 590. First pinned
| ayer 540 further conprises first and second ferromagnetic subl ayers 542
(pi nned1B subl ayer) and 546 (pinnedl A"subl ayer) separated from each ot her
by an antiparallel spacer

sublayers' magnetic moments are dissimilar and chosen so that
their difference (i.e., their net combined magnetic moment) is
substantially equal to the moment of the second pinned layer.
Substantially equal magnetic moment refers to the difference in
the magnetic moments which is no larger than the magnetic moment
.of a strip of 20 A thick of NigFe,, permalloy.

Referring back to Fig. 6, in the presence of sense current
and no externai magnetic field from the disk, the magnetization
vector M, of the free layer 552 is made to remain parallel
(position 552,) with the ABS 566 tﬁrough: (1) adjusting the
coupling fields between the free and pinnedlA and pinned2 layers
by controlling the firét and second spacer thicknqssés;

(2) adjhsting the thickness and resistivity of the various layers
constitﬁfing the DSV material in order to modify the distribution
of the sense current through the DSV sensor and therefore the
current induced field acting on the free layer; (3) creating an
" imbalance between the net moment of the first pinned layer and
the moment of the second pinned layer; and (4) positioning the
sensor asymmetrically between the shields. '

As mentioned above, in the presence of the sense current,
M, and M, orient themselveé toward the ABS 566 and become
transverse to the ABS 566 and at the same time they orient
themselves to become antiparallel (in opposite direction) with

—ptas

My Furthermore, pinnedlB sublayer is chosen to have the larger



544.” SV sensor 500 further conprises |ongitudinal bias (LB) layers 572 and
"574 which are fornmed in the end regions 510 and 520, respectively, for
providing a longitudinal bias field to the free |ayer 552 to ensure a
singl e magnetic domain state in the free layer. In the preferred

enbodi nent, |ongitudinal biasing |ayers 572 and 574 are preferably nade of
hard magnetic material such as CoPtCr al though they may al so be made of

ot her Co based hard magnet nmaterial suc as CoPtCrTa or [err] Longitudinal
_biasing |layers 572 and 574 are al so generally forned over underl ayers 576
and 578 fornmed in end regions 510 and 520, respectively. The underl ayers
576 and 578 are generall’y made of Cr, CV or Ru. Layers 572 and 574 made of
hard magnetic material are generally referred to as hard bias (HB) |ayers

572 and 57%foment. Consequently the application of a sufficiently large
sensing current will produce the magnetic state depicted by the
dashed arrows where pinnedlB sublayer 542 and the pinned2 layer
556 have magnetizations pointing alternatively towards aﬁd away
from the ABS. It can be noticed that pinnedla guhlayer 546 and
piﬁnedz layer 556 have parallel magnetizations, a condition
necessary to ensure that the SV effect acfoss the spacerl 550 and
spacer2 554 produce SV signals of the same sign.

‘The pinned layers' magnetization remainslpinned (fixed) in
the positions 556,, 546, and 542; as long as the sense current is
applied to the sensor 500. Once the_sensor current is turned
off, the pinned layers magnetizations returns to the bias
positio@ 556,, 546, and 542, in the direction parallel with the
ABS 566

In the preferred embodiment of the present invention, the
sense current flowing in the DSV sensor is greater than 5 mA per

" micron of stripe height (stripe height refers to the height of
the .MR sensor with reference to the ABS) and the material and the
thickness of the layers forming the DSV element are:

pinnedlB 546: NiFe(60-100A);
antiparallel spacer 544: Rn(4-8A);
pinnedlA 546: NiFe(20-60A);
spacerl 550: Cu(20-30A);

free 552: NiFe(40-80A);



- 117 - Each longitudinal bias layer further forns a contiguous junction
“with the DSV el ement 590. Alternatively, |ongitudinal biasing may be
acconpl i shed through exchange coupling each of the 572 and 574 | ayers
conprising soft magnetic nmaterial with a |ayer of antiferromagnetic (AFM
material fornmed in each end region. In this configuration, soft bias |ayers
572 and 574 are magnetically hardened as a result of exchange coupling with
an AFM | ayer. DSV sensor 500 further coyprises two electrical |eads 582 and
584 (first and second SV |eads) fornmed in the end regions 510 and 520,
respectively, to provide electrical connection between the DSV el enent and
a sense current source 586 and a sensing neans 588. Sense current source
586 provides the necessary sense current; to the DSV el enent 590 to

establish the Dgggéiﬁz(gggg)c¥g£6§55ifynag?s the DSV el ement 590. Sensing
s the r ’

means 588 provi means sensi‘’ng the spin valve effect.
pinned2 556: NiFe(40-80A).

Now, referring to Fig. 7, there is shown an air bearing
surface view of a dual spin valve sensor 700 of an alternative
embodiment of the present invention. DSV senéor 700 cdmprises
passive end regions 710 and 720 separated from each other by a
central active reg;on.730. A fitst magnetic shield layer 734 and
a gap layer 736 are preferably, although not necessarily, . formed
on a suitable substrate 732. |

The DSV sensor 700 further comprises a first pinned layer
740, spacerl 742, free layer'750, spacérz 758iand second pinned
layer 769 formed in that oxrder in. the central region 730 over the
gap 1ayef 736. The free layer 750, the spacer layers 742 and
758, and the first and second pinned layers 740 and 760 are
.referred to as the DSV element (material) 790.

Free layer 750 further comprises first and second
ferromagnetic sublayers 752 (freeB sublayer) and 756 (freeaA
sublayer) separated from each other by an antiparallél spacer
754. The magnetic moment of the freeA sublayer is chosen to be
different than the magnetic moment of the freeB sublayer which
result in the free layer 750 having a non-zero net magnetic
moment. The magnitude of the non-zéero net magnetic moment is

]

optimized for a particular areal magnetization of the disk, in



In"the DSV 500, free layer 552 is nmade of soft ferromagnetic material such
"as Ni Fe or Ni Fe/ Co; pinnedl A | ayer 546, pinnedlB |ayer 542 and pi nned2

| ayer 556 are al so made of soft ferronmagnetic nmaterial, such as N Fe or

Ni Fe/ Co; spacer |ayers 550 and 554 are made of SV pronoting materials (SV
pronoting materials are those producing a ferromagnetic coupling between

t he nei ghboring nmagnetic | ayers, i.e., a coupling favoring parall el

al i gnnment of their magnetizations) sucB4as copper, - 18 - silver or
gold. Antiparallel spacer 544 is made of non-magnetic materials providing
strong antiferromagnetic coupling such as Ru (ruthenium), C, Ir (iridium
and Rh. Ruthenium in the appropriate thickness range (preferably between 2
to 8 A) is capable of providing a |arge antiferromagnetic coupling between

order to achieve the desired combination of sensitivity and
linearity for the sensor. It should be noted that lowering the
free layer 750 net magnetic moment improves the sensitivity but
degrades the sensor linearity. .

DSV sensor 700 further comprises longitudinal bias (LB)
layers 772 and 774 which are formed in the end regions 710 aﬁd
720, respectively, for providing a 1ongitudina1 bias field to the
free layer 750 to ensure a single magnetic domain state in the
free layer. In the preferred embodiment, longitudinal biasing
layers 772 and 774 are preferably made of hard magnetic material
such as CoPtCr although they hay also be made of other Co based
hard magnet material such as 'CoPtCrTa or CoPtCrSiO,. Layers 772
and 774 made of hard magnetic material are generally referred to
as hard:bias (HB) layers 772 and 774. Each longitudinal bias
layer further forms a contiguous junction with the DSV element
790.

Alternatively, longitudinal biasing may be accomplished
through exchange coupling each of the 772 and 774 layers
comprising soft magnetic material with.a layer of
antiferromagnetic (AFM) material formed in each end region. In
this configuratlon, soft bias layers 772 and 774 are magnetically
hardened as a result of exchange coupling with an AFM layer.

DSV sensor 700 further comprises two electrical leads 782

J—

and 784 (first and second SV leads) formed in the end regions 710



adjacent ferromagnetic layers. This coupling is strong enough to maintain
“antiparallel alignment of the adjacent |ayers' nmgnetizations, even in the
presence of large external fields. It is due to this characteristic of the
anti parall el spacer 544 that pinnedlA subl ayer and pi nnedlB subl ayer have
antiparallel magnetizations. Note that DSV sensor 500 does not use any AFM
| ayer in order to pin the magnetization of the pinned | ayers. Thus a

sel f-bi ased DSV sensor refers to a DSV @2Bnsor which does not use AFM | ayers
in order to pin the magnetization of the pinned | ayers. DSV sensor 500 is
al so usually covered by a capping | ayer (not shown) followed by a second
magnetic shield (not shown). Referring to Fig. 6, there is shown a

perspective view, not to scale, of the four magnetic |ayers of the DSV
sensor of Fj

arrows) an et hs a{gg%ns ;ivgggpggﬁ é:‘gi:bre\é%?&? jléég gpﬁgﬁffﬁﬁc%ﬁ%ﬁ‘ged
the DSV element and a sense current source 786 and a sensing
means 788. Sense current source 786 provides the necessary sense
current to the DSV element 790 to establish the DC base (biaé)
voltage across thé DSV element 790. Sensing means 788 provides
the means for sensing the spin valve effect.

In the DSV 700, sublayers freeA and freeB are made of soft
ferromagnetic material such as NiFe or NiFe/Co; pinnedl 740, and
pinned2 layer 760 are also made of soft ferromagnetic material,
such as NiFe or NiFe/Co; spacer layers 742 and 758 are made of SV
promoting materials (SV promoting materials are those producing a
ferromagnetic coupling between the neighboring magnetic 1ayérs,
i.e., a coup11ng favoring parallel alignment of their
magnetizations) such as copper, silver or gold. Antiparallel
spacer 754 1s made of non-magnetic materials providing strong
_antifefromagnetic coupling such as Ru(ruthenium), Cr; Ir and Rh.

. Ruthenium, in the appropriate.thickness range (preferably between
2 to 8 A) is capable of providing a large antiferromagnetic

- coupling between the freeA 756 and freeB 752 adjacenﬁ
ferromagnetic layers. This coupling is strong enough to maintain
antipafallel alignment of the freeA and freeB magnetizations,
even in the presence of large external fields. It is due to this
characteristic of the antiparallel spacer 754 that freeA sublayer

and freeB sublayer have antiparallel magnetizations. -



 to Figs. 5 and 6, in the absence of the sense current [err] the

magneti zation vectors [err] [err] and [err] of the pinned2 |ayer 556, -
19 - free layer 552 and the pinnedlA sublayer 546 are set to be parallel
wi th each other, in the sane direction and parallel with the ABS 566
(positions [err] [err] and [err] respectively). At the sane tinme, the
magneti zation vector [err] of the pinnedl B sublayer 542 wll be parallel to
the ABS 566 but antiparallel with the @&6her three nmagnetization vectors
(position [err] In the presence of the sense current (i.e., sense current
flowng in the DSV sensor 500), the nmagnetization vector [err] of the
second pinned | ayer 556 rotates fromposition [err] to position [err]
toward ABS 566 and becones transverse (i.e., substantially

per pendi cul ar - NoddTithatapéy- $8hs €07 BF e8! fRdt tuse any AFM layer in order
to pin the magnetization of.the pinned layers 740 and 760. Thus,
the terminology self-biased DSV sensor refers to a DSV sensor
which does not use AFM layers in order to pin-the magnetization
of the pinned layers. DSV sensor 700 is also usually covered by
a capping layer (not shown) followed by a second magnetic shield
(not shown).

Now, referring to Fig. 8, there is shown an ABS view of a
dual spin valve sensor 800 of another altérnative embodiment - of
the present invention. The DSV sensor 800 ig'very similar to the'
DSV sensor 500 except for the second pinned iayer 850 having two
pinned sublayers 852 and 856 separated from éach other by an
ahtiparé;lel spacer 854.

Whiie the present invention has been particularly shown and
described with reference to the preferred embodiment thereof,
pevertheless, it will be understood by those skilled in the art

" that various modifications may be made therein without departing
from the spirit, scope, and teaching of the present invention.

Accordingly, it is to be understood that the invention
disclosed herein is not to be limited by the illustrated

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



,the ABS 566. This rotation is due to the presence of current induced
nagnet across the sensor thickness. These fields are
per pendi cul ar to the ABS plane, and for a particular current polarity,

poi nt t H“I“tlmmgmlthe second pinned layer. In the presence of the
sense cuny Rt | zation vector [err] of the pinnedl A sublayer 546
also rotates fromposition [err] to position [err] away fromthe ABS 566
and becones transverse (i.e., substanti2al4+y perpendicular--formng a 105-75
degree angle) to the ABS 566. This rotation is also due to the presence of
current induced magnetic fields which vary across the sensor thickness.

These fields are perpendicular to the ABS - 20 - plane, and for a
particular current polarity, point away fromthe
' CLAIMS
We Claim:

1. A dual spin valve (DSV) sensor having first aﬁd second
end regions separated froﬁ each other by a central region, said
DSV sensor comprising:

a DSV element in said central region, said DSV element
including:

a free layer; '

a first pinned layer having a first net magnetic
moment, said- first pinnéd layer having: |

first and second pinned magnétic sublayers;iand
an antiparallel spacer disposed between said first
. and second pinned magnetic sublayers;

a éecond pinned layer having a seéond magnetic moment,
said second magnetic moment being substantially equal to
said first magnetic moment;

a spacerl layer disposed between said free and first
pinned layers; and

—a spacer2 layer disposed between said free and second
"pinned layers, said free layer being disposed 5etween sald

spacerl and spacer2 layers;

This Sheet Has Been Rep
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ABS*in the first pinned |layer. In the presence of the sense current, the
magnet i'zat1 on vector—ferr]—of the pinnedlB subl ayer 542 rotates from
position [ |t|on [err] away fromthe ABS 566 and becones
transverse mlﬂ@ﬂ@ jﬂm ally perpendicular--formng a 105-75 degree
angle) tot o strong antiparallel magnetization between the
two magnetic sublayers 'As mentioned above, the presence of current induces
magnetic fields which vary across the & nsor thickness. These fields are
per pendi cular to the ABS plane, and point for a particular current
polarity, towards the ABS in the pinned |layer 1 and away fromthe ABS in
pi nned | ayer 2. Accordingly, the net nonent of the first pinned |ayer and
t he monent of the second pinned layer will experience a force tending to
ori ent them antdiparabhg! saeoﬁécibtgﬁmuﬁaﬂ wfadoq&%eal 26rhét L1 HBA
However, the current induced fiel al one are generally not sufficient to
produce pifirxt lamge secondgend i zegians dorghomgitwywikinpd by bidsing cait fAlkde

layer, said first and second longitudinal bias layers forming a
contiguous junction with said DSV element; and

| first and second DSV leads disposed over ssid first and
secohd longitudinal bias layers for applying sense current to
said DSV element for pinning the magnetization of said first and

second pinned layers.

2. A DSV sensor as recited in claim 1 wherein said free
layer is selected from a group of material consisting of NiFe,

NiFeCo, NiFe/Co and NiFeCo/Co. f

3.;: A DSV sensor as recited in claim'l wherein said first
and second pinned layers are selected from a group of material
consisting of NiFe, NiFe/Co, NiFeCr, NiFeNb, Co, NiFe/Co,

f.ﬁiFeCo/Co, NiFeCr/Co and NiFeNb/Co.

4. A DSV sensor as recited in claim 1 wherein said spacerl
and spacer 2 layers are selected from a'group of material

consisting of copper, gold, silver and their alloys.

-
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bebause

orces opposing the perpendicul ar alignnent.

ces, however, are mnimzed by ensuring that the net
magnet [ c“ ,ﬂ"u ,”u j,mrst pi nned | ayer 540 is substantially equal to the
magneti c cond pinned | ayer 556. First pinned | ayer net
magneti c nDnent |s the tesultant of the magnetic noments of the two

subl ayers. The two - 21 - sublayers' magnetic nonents are dissimlar and
chosen so that their difference (i.e.,- 2heir net conbi ned magneti c nonent)

i s substantially equal to the noment of the second pinned |ayer.
Substantially equal magnetic nonent refers to the difference in the
magneti c nonents which is no larger than the magnetic nonment of a strip of
20 A thick of [err] permalloy. Referring back to Fig. 6, in the presence

of -sense currend, A DSV sensor as recited in claim 1 wherein said
antiparallel spacer is selected from a group of material

consisting of Ru, Cr, Rh, Ir and their alloys.

6. A DSV sensbr as recited in claim 1 wherein said first
and second longitgdinal bias layers are selected from a group of

hard magnetic haterial consisting of CoPtCr, CoPtCrTa, and
CoPtCrsio,. ' '

7. A'DSV sensor as recited in claim 1 wherein said first
: and second iongitudinal bias layers are selected from a group of
i + soft magnetic material consisting of NiFe and NiFeCo, each of
said longitudinal bias layers being exchanged with an -
antiferfomagnetic layer, said antiferromagnetic layer selected

from a group of material consisting of FeMn, NiMn, PtMn, PdMn,
IrMn and RhMn.

8. A magnetic storage system, comprising:
a magnetic storage medium for recording data;
a dual spin valve (DSV) sensor having first and second end

regions separated from each other by a central region, said DSV

sensor comprising:

a DSV element in said central region, said DSV element

including:

Thls Sheet Has'Been Rep lace




and ‘no .external magnetic field fromthe disk, the magnetization vector

[err] ef+the free |layer 552 is made to remain parallel (position [err] with

_the ABS 566 through: (1) adjusting the coupling fields between the free and
pi nnedl ﬂuﬂmm ’mﬂm‘u rs by controlling the first and second spacer

t hi ckne ﬂﬂeg the thickness and resistivity of the various

| ayers cons |tht|hgsthe DSV material in order to nodify the distribution of

tthe sense current through the DSV sens3f and therefore the current induced

field acting on the free layer; (3) creating an inbal ance between the net
nonent of the first pinned |layer and the nonment of the second pinned |ayer;

and (4) positioning the sensor asymretrically between the shields. As

menti oned above, in the presence of the sense current, [err] and [err]

orient thensel ves towardatiwee\Bay=a; and becone transverse to the ABS 566

and at the same tinme they orient thenselves to becone antiparalle 2
Sen to

opposite direction) witha[&krqt minnedr hayer havingde BELXaH nelr mag
have- the larger moment, said first pinned layer having:

first and secon¢ pinned magnetic sublayers:;
and

| an antiparal;el spacer disposed between said

firét and second pinned magnetic sublayers;

a second pinned layer having a second magnetic
moment, said second magnetic moment being substantially
equal to said first magnetic moment;

a spacerl layer disposed between said free and
first pinned layers; and

a sﬁacerz layer disposed between said free and

.. second pinned layers, said free layer being disposed

between said spacerl and spacer2 layers;

first and second longitudinal bias layers formed in
said first and second end regions for longitudinally biasing
said free layer, said first and second longitudinal bias
lgyers forming a qontiguous junction with said DSV element; -
and | )

first and second DSV leads disposed over séid first and
second longitudinal bias layers for applying sense current
to said DSV element for pinning the magnetization of said

first and second pinned layers; and

i



#++22 - mppent. Consequently the application of a sufficiently |arge sensing
current will produce the magnetic state depicted by the dashed arrows where
pi nnediB—subtayer 542 and t he pi nned2 | ayer 556 have nagneti zati ons

poi ntin ' owards and away fromthe ABS. It can be noticed

-t hat pijﬂﬂ“ﬂﬁ@ﬁ “Hﬂt““ 6 and pinned2 | ayer 556 have parall el _
magnet i t amCcOoNdi*ti on necessary to ensure that the SV effect across

t he spacerl 550 and spacer2 554 produee3lSVY signals of the sanme sign. The

pi nned | ayers' magnetization renmains pinned (fixed) in the positions [err]
[err] and [err] as long as the sense current is applied to the sensor 500.

Once the sensor current s turned off, the pinned | ayers magnetizations
returns to the bias position [err] [err] and [err] in the direction

parallel wth Bhgecording channel coupled to said SV sensor for detecting

resistance changes in said SV element responsive to applied
magnetic fields representative of data recorded in said magnetic

storage medium.

9. A magnetic storage system according to claim 8, wherein
sald free layer is selected from a group of material consisting

of NiFe, NiFeCo, NiFe/Co and_NiFeCo/Co.

10. A magnetic storage system according to claim 8, wherein
said first and second pinned layers are selected from a group of
material consisting of NiFe, NiFe/Co, NiFeCr, NiFeNb, Co,
NiFe/Co, NiFeCo/Co, NiFeCr/Co and NiFeNb/Co.

11. A magnetic storage system according to claim 8, whére;n
said spacerl and spacer2 layers are selected from a group of

" material consisting of copper, gold, silver and their alloys.

12. A magnetic storage system according to claim 8, wherein
said antiparallel spacer is selected from a group of material

-consisting of Ru, Cr, Rh, Ir and their alloys.

_
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. ABS 566. :kn-the preferred enbodi nent of the present invention, the sense
current flowng—+n—+he DSV sensor is greater than 5 mA per mcron of stripe

hei ght (stripe height refers to the height of the MR sensor with reference
to the ABS) j}ﬂm Ir'wﬁm'ﬁmrnd t he thickness of the layers formng the
DSV el erent ! . Ni Fe(60-100A); antiparallel spacer 544:

550: Cu(20-30A); free 552:

Ru(4-8A); pinnedlA 546" N Fe&(20- 60A) ; §%)a_cerl 0
20- 30A); and pi nned2 556:

Ni Fe(40- 80A); - 23 - spacer2 554: Cu
Ni Fe(40-80A).

13. A magnetic storage system according
first and second longitudinal bias layers are
group of hard magnetic material consisting of
and CoPtCrsio,. |

14. A magnetic storage system according

to claim 8, wherein
selected from a

CoPtCr, CoPtCrTa,

to claim 8, wherein

first and second longitudinal bias layers are selected from a

'group of soft magnetic material consisting of NiFe and NiFeCo,
each of said longitudinal bias layers being exchanged with an
antiferromagnetic layer, said éntiferromagneﬁic layer selected
from a group of material consisting of FeMn, NiMn, PtMn, P&Mn,

IrMn and RhMn. . i

—_—
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L\No-w,” referring to Fig. 7, there is shown an air bearing surface view of a
dual spin valve sensor 700 of an alternative enbodi nent of the present

i nvention. DSV sensor 700 conprises passive end regions 710 and 720
separated from each other by a central active region 730. A first nmagnetic
shield layer 734 and a gap |ayer 736 are preferably, although not
‘necessarily, formed on a suitable substrate 732. The DSV sensor 700 further
conprises a first pinned | ayer 740, spaterl 742, free |layer 750, spacer 2
758 and second pinned | | the central region
730 over the gap |ayer ?%E’F I%l%.%l%ﬁ?;f?ggfg’rlﬁ ,VFﬁ?hé%(gléer | ayers 742 and
758, and ABReTRiASt and second pinned | ayers 740 and 760 are referred to as
the DSY el enment (material) 790. Free layer 750 further conprises first and
second ferromagniial spifi walveyBISY) thagneforesistive (R \sesisor #500) 158is¢loseiciaving

subl ayer) separated from each other by an antiparallel spacer 754. The.
magnet i ¢ arfree magaétid layerf (SS2)disphded \betwaen firktd540) and seeond (556) pinned

magnetic layers. First pinned layer has two magnetic sublayers separated from each
other by an antiparallel spacer (544). The first magnetic sublayer (546) closer to the free
layer has a magnetic moment which is smaller than the magnetic moment of the second

- magnetic sublayer (542). The net moment of the magnetic sublayers is chosen to be
equal to the magnetic moment of the second pinned layer thus creating a flux closure and
substantially minimizing the effect of _the demagnetizing forces. By creating a flux
closure and current induced magnetic fields, the first and second pinned layers'
magneﬁzaﬁon are fixed. This is in contrast with conventional dual spin valve sensors
(200) using two antiferromagnetic layers (225, 235) to pin i:he magnetization of the
pinned layers (220, 230).
Fig. 5
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different than the magnetic nmoment of the freeB sublayer which result in
+the free layer 750 having a non-zero net magnetic nonment. The nmagnitude of
"the non-zero net magnetic nonent is optim zed for a particular areal

magneti zation of the disk, in - 24 - order to achieve the desired

conbi nati on of sensitivity and linearity for the sensor. It should be noted
that lowering the free |ayer 750 net magnetic nonent inproves the
sensitivity but degrades the sensor |iAéfrity. DSV sensor 700 further
conprises longitudinal bias (LB) |layers 772 aggl 774 which are formed in the
end regions 710 and 720, respectively, for/ﬁroviding a longitudinal bias

field to the free layer 750 to ensfiTe JCNEF10T € magneti c domain state in the
free 1Tayer. |In the preferred—enbod nerBUR i%n

gl udi nAl hiaci e~
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| aygrs 772 and 774 are preferably made of hard magnetic material such as
+©P4Cr al though they may al so be made of other Co based hard magnet

material such as CoPtCrTa or [err] Layers 772 and 774 nmade of hard magnetic
material are generally referred to as hard bias (HB) |ayers 772 and 774.
Each | ongitudinal bias |layer further fornms a contiguous junction with the
DSV el enent 790. Alternatively, |ongitudinal biasing may be acconpli shed

t hrough exchange coupling each of the 772 g%g 774 | ayers conprising soft
magnetic material with a layer of antiferr gnetic (AFM material forned

in each end region. In this configuration, soft bias |layers 772 and 774 are
magnetical |y hariened as a result of exchange coupling with an AFM | ayer.

DSV sensor 700 f
and second SV |l e

400

rther conprises two electrical |eads 782 and 784 (first
ds) formed in the end regions 710

300

200

PINNING FIELD Qe

— b
[ -]
[ R o ]

—
o
(o]

0 120 150 200



- 25 - and 720,

; DSV el enent and a sense current source 786 and a sensing neans 788. Sense
“current source 786 provi des the necessary sense current to the DSV el enent
790 to establish the DC base (bias) voltage across the DSV el enent 790.

Sensi ng neans 788 provides the neans for sensing the spin valve effect.

respectively,

to provide electrica

connecti on between the

I n
the DSV 700, sublayers freeA and freeB3ae nade of soft ferromagnetic
mat erial such as N Fe or Ni Fe/ Co; pinnedl 540, and pinned2 | ayer 760 are
al so nade of s 129 r onmgneti c materi 2 uch as §izFe or N Fe/ Co; spacer
| ayers 74Zand 798 are made mat eri al S\(SV ptponoting
material$ are thpse producin a fermﬂhagnet c coupli a:;&@ n the
nei ghbor ifng magnft =i . eRECGRDNipl i | ' |1 el alignment
of their |magnetifations) suc as CUpNNEL, si paral | el
spacer 7%4 i s nmagle of non-nma ' a5 provi di ng str 2%
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aht.iferromagnetic coupling such as
I n the appropriate thickness range

Ru(ruthenium), Cr, Ir and Rh. Ruthenium
(preferably between 2 to 8 A) is capable

of providing a large antiferromagnetic coupling between the freeA 756 and

freeB 752 adjacent ferromagnetic |ayers.

mai ntain anti parall el
I n the presence of

al i gnnment of
| arge external f

This coupling is strong enough to
the freeA and freeB nagnetizations, even
iel4. It is due to this characteristic

of the antiparallel spacer 754 that or and freeB subl ayer have
anti paralle GCURR%RIEI'GSOUR% DS\ _sensor 700 does not
use any AFM | ayer in order to pin ~eragf the pinned ljayers
740 and 76Q. Thus, the term nol ogy self_hiased DSV sensor refers td a DSV
sensor whi ¢h—does not—use ARH | ayerls SENSING (MEANS o}pin-the magnetizatli on
~— 588
Is Is
/ 556A
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PINNED 2 \ ’ vV
LAYER ~—— S~ 566
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.4

of the pinned | ayers. DSV sensor 700 is also usually covered by a capping

| ayer (not shown) followed by a second magnetic shield (not shown). Now,
referring to Fig. 8, there is shown an ABS view of a dual spin valve sensor
800 of another alternative enbodi ment of the present invention. The DSV
sensor 800 is very simlar to the DSV sensor 500 except for the second

pi nned | ayer 850 having two pinned su%Lgyers 852 and 856 separated from
each other by an antiparallel spacer 2. While the present invention has
been particularly shown and described with reference to the preferred

~enbodi ment thereof, nevertheless, it will be understood by_those skilled in

the art that various nodifications rrFy be made therein w thout departing
fromthe spirit, scope, and teachi ng| of 3ENSE present invention. Accordingly,

it is to be underdgtood that the inventi ysclfosed nerein 1s not |to be
limted by the ilﬁustrat ed enb%bnenmz-y%%ge scope of t He
appended cl ai ns. SRS
MEANS
k70 7% m s
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T. A dual spin valve (DSV) sensor having first and second end regions
separated from each other by a central region, said DSV sensor conpri sing:
a DSV elenment in said central region, said DSV el enent including: a free

| ayer; a first pinned | ayer having a first net nagnetic nonment, said first
pi nned | ayer having: first and second pi nned nmagneti c subl ayers; and an
antiparal | el spacer disposed between gagd first and second pinned magnetic
subl ayers; a second pinned | ayer having a second nagnetic nonent, said
second magneti c nonment being substantially equal to said first magnetic
nmonment; a first spacer |ayer disposed between said free |ayer and said
first pinned |ayer; and a second spacer layer di sposed between said free

| ayer and sai d second pinned | ayer,| saiSN3tr ee |l ayer bei ng di sposed between

said first spaceff Tayer and sal d sqcorGlRRENT
888 886
~{" SENSING
MEANS
1Is- Is
882 884
_ LEAD +— ~} LEAD =
82T PINNED 2B -+ T—ss6
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o FIG. 8



spacer_layer; first and second |ongitudinal bias layers forned in said
first ,andsecond end regions, respectively, for longitudinally biasing said
free layer, said first and second |ongitudinal bias l|layers forming a
contiguous junction with said DSV el enent? and first and second DSV | eads
di sposed over said first and second | ongitudinal bias |ayers, respectively,

for applying sense current tSUMMARS\OETHEINVENTIONNI ng the

magneti zation of said first and second pinned | ayers. 2. A DSV sensor as
recited i nlcisaimobjevthef thenpresentl ifiventioh ay amelisrateebrec be thdre disadvagtapep offthe
materi al consisting of Ni Fe, NiFeCo, N Fe/Co and N FeCo/ Co. 3. A DSV
sensor ‘as PEOra¥d in claim1l wherein said first and second pinned | ayers.

are selected froma group of material consisting of N Fe, N Fe/Co, N FeCr,
Ni FeNb, Co, Ni Ascessting\joreneqspest ofjtrecptesens nygatioq thergis @sovided g dual spirpwajve

econd opadlsVP St bie Hre adernsl R Geist SeTHval GPmAFach oHer O e
copper, go'rggioﬁ,i éa\f&\ DSV %ensor comprising: a DSV element in said central region, said DSV
element including: a free layer; a first pinned layer having a first net magnetic moment,

said first pinned layer. having: first and second pinned magnetic sublayers; and an

- antiparallel spacer disposed between said first and second pinned fnagnetic sublayers; a

second pinned layer having a second magnetic moment, said second magnetic moment

being substantially equal to said first magnetic moment; a first spacer layer disposed

between'sa’;d free layer and said first pinned layer; and a second spacer layer disposed

between said free layer and said second pinned layer, said free layer being disposed

between said first spacer layer and said second spacer layer; first and second longitudinal

bias layers formed in said first and second end regions, respectively, for longitudinally

biasing said free layer, said first and second longitudinal bias layers forming a

Description : paged ... to paged 1%
¥ Claimn(s)  :paged Zlto paged 2Q

[1 Drawing(s) ; paged .7 to paged .=

o Abstract  : paged 3 to paged .=
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their alloys. 5. A DSV sensor as recited in claim1l wherein said

anti paral [el spacer is selected froma group of material consisting of Ru,
Cr, Rh, Ir and their alloys. 6. A DSV sensor as recited in claiml
wherein said first and second | ongitudind . bias |ayers are selected froma
group of hard nmagnetic material consisting of CoPtCr, CoPtCrTa, and

CoPt Cr Si 02cQthigupuﬁ[ilﬂﬁ}{oﬁQﬁ\iﬂQrsaiasDSVCéléﬁéntt And€ [fRsMank YRBAE DBV dtAlsf diffdsednd
second |l ongitudi nal bias |ayers are selected froma group of soft magnetic
materi al cowmai sdid nfirsofantli Seeond dogifud@nl tiaclayeds, saspdctivelyi fordappyingi sise

| ayers bei ng exchanged with an antiferromagnetic | ayer, each of said

anti f er r onagmenti to baigeD8Vselemente forf pimming theompgretizatitine of ahidchirssiandi segond
Fevn:, Ni My, PtM, PdWh, IrM and RhNn. 8. A magnetic storage system
conpri si ngPimeddayersi c storage medi um for recording data; a dual spin valve
(DSV) sensor having first and second end regi.,ons separated from each other
by a central régp@rgl}ngs& oty aspert ot t%eﬁswgilﬁ&man&veé? Previded 3 magngtic

central red) dive §teth, Comprisig: A magetic Stétge Melfuifor MeSrding data; a dual spin

valve (DSV) sensor having first and second end regions separated from each other by a
central region, said DSV sensor comprising: a DSV element in said central region, said
DSV element including: a free layer; a first pinned layer having a first net magnetic
moment, said first pinned layer having: first and second piﬁned magnetic sublayers; and
an antiparallel spacer disposed between said first and second pinned magnetic sublayers;
a second pinned layer having a second magnetic moment, said second magnetic moment

being substantially equal to said first magnetic moment; a first spacer layer disposed

REPLACEMENT SHEET)
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a first pinned layer having a first net magnetic nonment, said first pinned
| ayer , having: first and second pinned magnetic subl ayers; and an
antiparall el spacer disposed between said first and second pi nned magnetic
subl ayers; a second pinned | ayer having & second nagnetic nonent, said
second magneti c nonment being substantially equal to said first magnetic
noment ; a fetvdensyail free [laee randisaidofint phfledasyer s andla fseemd| spuedr 1aved dispoded
first pinned |ayer; and a second spacer |ayer disposed between said free
| ayer and detweesesaihdregi laperdanda gaid, sesond] pinned layey e 5aith dfrgeglagess peing ddikprised en
said first spacer |ayer and said second spacer layer; first and second

| ongi t udi n&etwaeasaidfjust spaper lager and said secpnd spacemidyere fisy and second dorgigdinal
respectively, for Iongitudina%hy bi asing said free |ayer, said first and

second bias layers formed i said first and second end regions, respectively, for longitudinally
biasing said free layer, said first and second longitudinal bias layers forming a
'contiguous junction with said DSV element; and first and second DSV leads disposed
over said first and second longitudinal bias layers, respectively, for applying sense
current to said DSV element for pinning the magnetization of said first and second
pinned layers; and a recording channel coupled to said DSV sensor for detecting

-resistance changes in said DSV element responsive to applied magnetic fields

representative of data recorded in said magnetic storage medium.

-




| ongi tudi nal bias layers form ng a contiguous junction wth said DSV

el enent; amd first and second DSV | eads di sposed over said first and second
| ongi tudi nal bias |ayers, respectively, for applying sense current to said
DSV el enent for pinning the magneti zati od%of said first and second pinned
l'ayers; and a recording channel coupled to said DSV sensor for detecting
resi st ance Axicerding to Stikh anothBS¥speLeoE e presdd iverition eher®Rd bRIVidBANH €hsCspin
fields representative of data recorded in said nagnetic storage nedium 9.
A magnet i c valtver@$d)ssessarrhaxingoficit end secont andnrégiomhseperatedsfronh éachotheaytyrai s
selected froma group of material consisting of NiFe, N FeCo, N Fe/Co and
Ni FeCo/ Co. cenfralaegiggneaid DIV sensge copprisingas %ﬂ\a elemenbincsaid cergral wegion] said ai d
first and segond pinned | ayers are sel ected froma group of materi al

consi sting NFlpwent\jinelpdipe: g Heks laygrrewid fres layerchaving:Nfirgcepdosecond

b lFﬁﬁéﬁ SC." s fpiegnc, SOpEs: q’?gy”g s @F@rgﬁaﬁﬁs%tg%?cﬁﬁ&%ﬁéﬁ%ﬁﬁsf' "
; ﬁe.e?t o1 oy ecol ARSI, AR phioel Rt SERRRT fi? Bfhonfl moesficd ,
sai d ant! p@é@xlhg%ﬁaﬁa?& hiyiag aosecbils i SRk, %ld*?écsad %agﬁ&ﬁ@ i Of
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13. A mmagnetic storage systemaccording to claim@8, wherein said first and
~ second longitudinal bias layers are selected froma group of hard nagnetic
mat erial consisting of CoPtCr, CoPtCrTa, and CoPtCrSi 2. 14. A magnetic
storage system according to claim8, whetkin said first and second

| ongi tudi nal bias |ayers are selected froma group of soft nmagnetic

mat eri al cbeiag substantially Ngbal taraid Mirsefmagnetie alomént s@fickt nonghdgndiic spackt ager

| ayers bei ng exchanged with an 30 antiferronmagnetic |ayer, each of said
ant i f er r ondigpesed betwgesr said flee dayed ahd saidAingt pinpediayem tand iaaseconth pom-tragpetic
FeMh, Ni M1, PtMh, PdMh, IrM and RhMh. 15. A dual spin valve (DSV) sensor
havi ng fi r §pacem dryee dispeseshbetveen spid e dayer and spidnsceendhrinnpd dayey, said difeq a|
region, said DSV. sensor conprising: _a DSV egglment in.,said centr regj on,
sai d DSV eldfeReing fisnasec getween 2 fizsy, apacer; laygr fpd saifl Sgeqndnsparerglayer; 1t ang

second fer Eucl)&m s%gc% (iorfgli' lcllax%ia rbsla'is Eil{]y%rs formed in said first and second end regions,

respectively, for longitudinally biasing said free layer, said first and second longitudinal
bias layers forming a contiguous junction with said DSV element; and first and second
DSV leads disposed over said first and second longitudinal bias layers, respectively, for
applying sense current to said DSV element for pinning the magnetization of said first

and second pinned layers.
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an antiparallel spacer disposed between said first and second ferronmagnetic
subl ayers;: a first pinned |ayer having a first nagnetic nonent; a second
pi nned | ayer having a second nmagnetic noment, said second nagnetic nonent
bei ng substantially equal to said first h&gnetic nonent; a first

non- magneti c spacer |ayer disposed between said free |ayer and said first
pi nned | ayer; and a second non-nagneti c spacer |ayer disposed between said
free layer and said second pinned l'ayer, said free | ayer being disposed
between said first spaceBRIEFDESORIBEIONGFE THE DRAWINGSer; first and
second longitudinal bias |ayers fornmed in said first and second end

regi ons, respeFer ¢dulier understandingtafdhe aatnge arideaivanfagesiof the presémtyinvention] ds
first and second | ongjtudinal bias layers fornmng a contiguous junction
with said P8V as| tbedweferrad mede; of usen Jelopense showld beemade t theofollawingedetaiied

cur et cOGSTRORTOR| dfRPGHoR il P BHTIRRGNOE! JPAiEs: oflo CBe FALPRERE and
second pi n&ﬁ@viﬁf@,’ {ike _reference numerals designate like or similar parts throughout the
drawings.
Fig. 1 is an air bearing surface view, not to scale, of a i)rior art SV sensor using an
antiferromagnetic layer;
Fig. 2 is an air bearing surface view, not to scale, of a prior art DSV sensor using
two antiferromagnetic layers;
Fig. 3 is a graph showing the relation between the pinning field and the -
~ temperature for FeMn and NiO; .
Fig. 4 is a simplified diagram of a magn?tic disk storage system embodying the
present invention;
Fig. 5 is an air bearing surface view, not to scale, of the DSV sensor of the
preferred embodiment of the pfesent invention; |
Fig. 6 is a perspective view, not to scale, of the four magnetic layers of the DSV

sensor of Fig. 5 and their
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-31- aTecording channmet——Toupl ed to sai 'd SV sensor for detecting resistance

changes | | t responsive to applied magnetic fields
represenltlﬂ'lg g S]ﬁgcorded in said magnetic storage nmedium 9. A
magneti c ccording to clai4® 8, wherein said free layer is
selected froma group of material consisting of NiFe, N FeCo, N Fe/Co and
Ni FeCo/ Co. 10. A magnetic storage syst@napasrding to claim8, wherein said
first and second pinned |ayers are selected froma group of materi al
consi sting bf NARmal spifFealSe (DSVyschsor Mavinglfirst@nd sédond/efid regibiseparfaced from
Ni FeCr/ Co and Ni FeNb/Co. 11. A magnetic storage system according to claim
8, wherei n eash@thasdya centraliregion said DSV sensoncemprisingt ed from a group of
mat eri al consi st of copper,. gold, silver, _and their alloys.
a b@%‘ elementpiFljl said c?entraf region, said DSV element includ1>;1g:
a free layer;
a first pinned layer having a first net magnetic moment, said first pinned layer
having:
first and second pinned magnetic sublayers; and
an antiparallel spacer disposed between said first and second pinned magnetic
sublayers;
a second pinned layer having a second magnetic moment, said second magnetic
moment being substantially equal to said first magnetic moment;
~ a first spacer layer disposed between said free layer and said first pinned layer; and
a second spacer layer disposed between said free layer and said second pinned
X _
layer, said free layer being disposed between said first spacer layer and said second
spacer layer;
first and - second longiﬁldinal bias layers formed in said first and second end
regions, respectively, for longitudinally biasing said free layer, said first and second
longitudinal bias layers forming a contiguous junction with said DSV element; and
first and second DSV leads disposed over said first and second longitudinal bias
layers, respectively, for applying sense current to said DSV element for pinning the
magnetization of said first and second pinned layers.
2. 7 A DSV sensor as recited in claim 1 wherein said free layer is selected from a
~ group of material consistihg of NiFe, NiFeCo, NiFe/Co and NiFeCo/Co.
3. A DSV sensor as recited in claim 1 wherein said first and second piﬂned layers are

selected from a group of material consisting of NiFe, NiFe/Co, NiFeCr, NiFer; Co,
NiFe/Co, NiFeCo/Co, NiFeCr/Co and NiFer/Co.

REPLACEMENT SHEET

S 1AUd 19y




12. A magnetic_st stem according to claim8, wherein said

antl par a"“ﬂ! m“mﬁf ﬂﬂi\%l ected froma group of material consisting of Ru,
This Sheet HBeen | aced - 32 - 13. A

magnetlc storage system accordl ng to cl ak®n 8, wherein first and second

| ongi tudi nal bias |ayers are selected froma group of hard nagnetic

materi al cdnsi 3 DBY sehsdradstretitedGaRiI4HT & whefin k4 firstlspaced 187G W0l IsGidSde@biD €
system according to claim8, wherein first and second | ongi tudi nal bias

| ayers ar esprebelayedarer sstecteddiromm goup aff tmatenipl ebhsistingt eff dapper; @okd, silvegand
Ni Fe and Ni FeCo, each of said |ongitudinal bi-as |ayers being exchanged with
an anti ferﬂlﬂfa@h’é’ﬁq c layer, said antiferromagnetic |ayer selected

5. A DSV sensor as recited in claim 1 wherein said antiparallel spacer is selected
from a group of material consisting of Ru, Cr, Rh, Ir and their alloys.
6. A DSV sensor as recited in claim 1 wherein said first and second longitudinal bias -
layers are selected from a group of hard magnetic material consisting of CoPtCr,
CoPtCrTa, and CoPtCrSiO,.
7. A DSV sensor as recited in claim 1 wherein said first and second longitudinal bias
layers are selected from a group of soft magnetic material consisting of NiFe and
NiFeCo, each of said longitudinal biaé layers being exchanged with an antiferromagnetic
layer, each of said a.ntiferromajlgnetic layers selected from a group of material consisting
of FeMn, NiMn, PtMn, PdMn, IrMn and RhNn.
8. A,magnetic storage system, comprising:

a magnetic storage medium for recording data;

a dual 'spin valve (DSV) sensor having first and second end regions separated from
each other by a central region, saici DSV sensor comprising:

a DSV element in said central region, said DSV element including:

a free layer; _

a first pinned layer having a first net magnetic moment, saici first pinned layer
having:

first and second pinned magnetic sublayers; and

" an antiparallel spacer disposed between said first and second .pinned magnetic
- sublayers; | |

a second pinned layer having a second magnetic moment,

said second magnetic moment being substantially equal to said first magnetic
moment; |

a first spacer layer disposed between said free layer and said first pinned layer; and
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froma group of mat eri al consi sting of Feivnh, N M, PtMh, PdVh, IrM and

RhMvh. Tfrml“lrmj“mnsl ﬂsmr | aced

a second spacer layer disposed between said free layer and said second pinned

29

layer, said free layer being disposed between said first spacer. layer and said second
spacer layer; B

first and second longitudinal bias layers formed in said first and second end
regions, respectively, for longitudinally biasing said free layer, said first and second
longitudihal bias 1ayers forming a contiguous junction with said DSV element; and

first and second DSV leads disposed over said first and second longitudinal bias
layers, respectively, for applying sense current to said DSV element for pinning the
magnetization of said first and second pinned layers; and

a recording channel coupled to said DSV sensor for. detecting resistance changes in
said DSV element respopsive to applied magnetic fields representative of data recorded
in said magnetic storage medium.
9. A magnetic storage system according to claim 8, wherein said free layer is selected
from a group of material consiéting of NiFe, NiFeCo, NiFe/Co and NiFeCo/Co.
10. A magnetic storage system according to claim 8, wherein said first and second
pinned layers are selected from a group of material consisting of NiFe, NiFe/Co,
NiFeCr, NiFeNb, Co, NiFe/Co, NiFeCo/Co, NiFeCr/Co and NiFeNb/Co. _
11. A magnetic storage system according to claim 8, wherein said first spacer layer
and said second spacer layer are selected from a group of material consisting of copper,
gold, silver and their alloys. | |
12. A magnetic storage system according to claim 8, wherein said antiparallel spacer is
selected from a group of material consisting of Ru, Cr, Rh, Ir and their alloys.
13.-" A magnetic storage system according to claim 8, wherein said 'ﬁrst and second
longitudinal bias layers are selected from a group of hard magnetic material consisting of
CoPtCr, CoPtCrTa, and CoPtCrSiO,.
14. A magnetic storage system according to claim 8, wherein said first and second
longitudinal bias layers are selected from a gr;)up of soft magnetic material consisting of

NiFe and NiFeCo, each of said longitudinal bias layers being exchanged with an
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antiferromagnetic layer, each of said antiferromagnetic layers selected from a group of
material consisting of FeMn, NiMn, PtMn, PdMn, IrMn and RhMn.
15. A dual spin valve (DSV) sefisor having first and second end regions separated from
each other by a central region, said DSV sensor comprising: - |

a DSV element in said central region, said DSV element including:

a free layer, said free layer having:

first and second ferromagnetic sublayers; and

an antiparallel spacer disposed between said first and second ferromagnetic
sublayers; :

a first pinned layer having a first magnetic moment;

a second pinned layer having a second magnetic moment, said second magnetic
moment being substantially equal to said first magnetic moment;

a first non-magnetic spacer.layer disposéd between said free layer and said first
pinned layer; and

a second non-magnetic spacer layer disposed between said free layer and said
second pinned layer, said free layer being disposed betweén said first spacer layer and
said second spacer layer;

first and second longitudinal bias layers formed in said first and second end
regions, respectively, for longitudinally Biasing said free'layer, said first and second

. longitudinal bias léyers forming é contiguous junction with said DSV'element; and

first and second DSV leads disposed over said first and second longitudinal bias

layefs, respectively, for applying sense current to said DSV element for pinning the

magnetization of said first and second pinned layers.
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31
SELF-BIASED DUAL SPIN VALVE SENSOR

ABSTRACT

A dual lspin valve (DSV) magnetoresistive (MR) sensor (500) is disclosed having
a free magnetic layér (552) disposed between first (540) and second (556) pinned
magnetic layers. First pinned layer has two magnetic sublayers separated from each
other by an antiparallel spacer (544). The first magnetic sublayer.(5.46) closer to the free
layer has a magnetic moment which is smaller than the magnetic moment of the second
magnetic sublayer (542).- The net moment of the magnetic sublayers is chosen to be |
equal to the magnetic moment of the second pinned layer thus creating a flux closure and
substantially minimizing the effect of the demagnetizing forces. By creating a flux
closure and current induced magnetic fields, the first and second pinned layers'
magnetization are fixed. This is in contrast with conventional dual spin valve sensors
(200) using two antiferromagnetic layers (225, 235) to pin the magnetization of the
pinned layers (220, 230). |
Fig. 5




