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SELF-'BI'ASED SPI N VALVE SENSCR Background of the Invention TeChnicahv?§¥ﬂ§y7
».This invention relates in general to a direct access storage device ASD) °

of the type utilizing spin valve magnetoresistive sensors for reading

signals recorded in a magnetic nedium and, nore particularly, it relates

to a DASD having a self biased spin valve sensor. Description of the
Background Art Conputers often include -auxiliary nenory storage devices

havi ng nedi a on which data can be witten 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 i s recorded on concentric. radially spaced

tracks on the-disk surfacessEkﬁﬁﬁE@$%DH@Q@%vPﬁngﬂ$ﬁg“?ead sensors are then
~used to read data fromthe tracks on the disk surfaces. In high capacity

di sk drives, nagnetoresistivqkﬁg@&mgﬁasggsthe Invention
Technical Field
This invention relates in general to a direct access storage
device (DASD) of the type utilizing spin valve magnetoresistive
sensors for reading signals recorded in a magnetic medium.and,
more particularly, it relates to a DASD having a self biased spin

valve sensor. : -

Description of the Background Art

Computers often inclide auxiliary memory storage devices
having hgdia on which data can be written and from which ddta 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 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 the prevailing read sensors
because of their capability to read data from a surface of a disk
at greater linear densities than thin film inductive heads. An

MR sensor detects a magnetic field through the change in the



scomonly 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 elenent”) as a function of the strength and
direction of the magnetic flux being semsed by the MR layer. One type of MR
sensor currently under devel opnent is giant magnetoresistive (GVWR) sensors
mani festing the GVR effect. In the GWR sensors, the resistance of the MR
sensing |layer varies as a function of the spin-dependent transm ssion of
the conduction el ectrons between the magnetic | ayers separated by a

non- magnetids i tficd YFGYs) MR @ehBEngCLagPaNH1D $RiEArdeRersiedy fabkering
whi ch takes place at the interface of the magnetic and non-
element") as a function of the strength and direction of the
magnetic flux being sensed by the MR layer.

One type of MR sensor currently under development is giant
magnetoresistive (GMR) sensors manifesting the GMR effect. 1In
the GMR sensors, the resistance of the MR sensirng layer varies as
a function of the spin-dependent transmission of the conduction
electfons between the magﬁetic layers separated by a non-magnetic
layer (spacer) and the accompanying spin-dépendent scattering
which takes place at the interface of the magnetic and non-
magnetic layers and within the magnetic layers.

GMR sensors using only two layers of ferromagnetic material
(e.g., NiFe or Co or NiFe/Co) separated by a layer of non-
magnetic metallic material (e.g., copper) are generally referred
to as spin valve (SV) sensors manifesting SV effect. In an SV
.sensor, one of the ferromagnetic layers, referred to as the
pinned layer, has ifs magnetization typically pinned by exchange .
coupling with an antiferromagnetic (e.g., NiO or FeMn) layer.

The pinning field generated by the antiferromagnetic 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 disk). The magnetization of the other layer,



Jragnetic layers and within the magnetic |ayers. GWR sensors using only two
‘layers of ferromagnetic material (e.g., NiFe or Co or N Fe/Co) separated by
a layer of non- magnetic netallic nmaterial (e.g., copper) are generally
referred to as spin valve (SV) sensors manifesting SV effect. In an SV
sensor, one of the ferromagnetic |layers, referred to as the pinned | ayer,
has its magneti zation typically pinned by exchange coupling with an
antiferromagnetic (e.g., NiO or FeWh) layer. The pinning field generated by
the antiferromagnetic layer is usually equal or greater than 200 Cersteds
(Ce) so that the magnetization direction of the pinned |ayer remains fixed
during the application of external fields (e.g., fields frombits recorded

-on the di skoferted wagast tkat kpBeOiaf e, HdRNeraVES not fiked’ §ha&' §8drLQeaS
the free layer, however, is not fixed and is free
to rotate in response to the field from the disk.

The SV effect, i.e., the net change in resistance, exhibited
by a typical prior art SV sensor is about 3% to 4%. 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,
discloses an MR sensor operating on the basis of the spin valve
effect. . -

Fig. 1 shows a prior art SV sensor 100 comprising end
regions 104 and 106 separated by a central region 102. A free
layer (frée MR layer) 110 is separated from a pinned layer |
({pinned MR laver) 120 by a non-magnetic} electrically-conducting
spacer 115. The magnetization of the pinned layer 120 is fixed.
by an antiferromagnetic (AFM) layer 125. Free layer 110, spacer
115, pinned layer 120 and the AFM 125 are all formed in the
.central region 102. Hard bias layers 130 and 135 formed in the
end regions 104 and 106, respectively, provide longitudinal bias
for the MR free layer 110. Leads 140 and 145 formed over hard
bias ;ayers 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. |

As mentioned above, the magnetization of the pinned layer
120 in the prior art sensor 100 is generally fixed through

exchange coupling with a layer of antiferromagnetic material 125



Jfo rotate in response to the field fromthe disk. The SV effect, i.e., the
“net change in resistance, exhibited by a typical prior art SV sensor is
about 3%to 4% 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.
Fig. 1 shows a prior art SV sensor 100 cqyprlsing end regions 104 and 106
separated by a central region 102. A free l[ayer (free MR layer) 110 is
separated froma pinned |ayer (pinned MR [ayer) 120 by a non-nagnetic,

el eetrically-conducti ng spacer 115. The magnetization of the pinned |ayer
120 is fixed by an antiferromagnetic (AFM |ayer 125. Free |l ayer 110,

spacer 1l5yudi fH!se@'éM’iW%E: #48.2nflolBgefr Mdidp r%f ahl f:%%é 4l gjzrlﬁw& al

region 102. Hard bias layers 130 and 135 forne In the en eglons and
106, respeasldaieing temperdtulresyi blécRehg bidpdratuirbeiyRehé cenpamitudd at

Leads 140 and 145 forned over hard bias |layers 130 and 135, respectively,
provi de elwdvigh @inning field for a given material reaches zero Oe) which
make their use as an AFM layer difficult and undesirable.
Referring to Fig. 2, there is shown the change in the pinning
field versus temperature for a 35 A thick NiFe pinned layer using
FeMn or NiO as the pinﬁing layer. FeMn has the blocking
témperature of about 150 C (curve 210) and NiO has the blocking
temperature of about 200 C (curve 220). Considering that a
typical SV sensor used in a DASD should be able to operate
reliably at a cénstant temperature of about 120 C at a pinning'
field of about 200 Oe, it can readily bg seen that FeMn
substantially loses it ability to pin the pinned layer at about
120 € (pinning field dropping to about 150 Oe) and NiO can
marginally provide adequate pinning at about 120 C (pinning field
dropping to about 180 Oe). It should be noted that once the
pinning effect is 1os£, the SV sensor loses its SV effect_either
totally or partially, rendering the SV sensor useless. Aside
from ;he temperature sensitivity issue, FeMn is also very prone
to corrosion which makes its use as an AFM layer even more
problematic than NioO. |

Therefore, there is a need for a spin valve sensor having

means for pinning the pinned layer without utilizing an AFM layer



.connéctions for the flow of the sensing current I[err] froma current
-source 160 to the MR sensor 100. As nentioned above, the magnetization of
the pinned layer 120 in the prior art sensor 100 is generally fixed through
exchange coupling with a |ayer of antiferromagneti gLigBheetHagBeech Replaced - 4-

such as FeMh or Nl O However, both Fevnh and Ni O have ocki ng
tammaUﬂes(ModdngtammaUMeisthetemmmuwHum“Mmu ni ng
field for a given material reaches zeT&SCE) whi ch na as an AFM
| ayer difficult and undesirable. Referring to Fig. 2, there is shown the
change in the pinning field versus tenperature for a 35-A thick N Fe pinned
| ayer using FeMh or NN O as the pinning | ayer. Feinh has the bl ocking

t enper at ur %¥¥NE ur, a ' t b Kq elmer re
of about 2@6‘94(: curve gg@; t(h%orlsgbleg%r}l%)ﬁ)é ?ﬁ%%ggd}P%n Ui afl i£59e£ did

temperature sensitivity of the AFM layer.

Summary of the Invention

It is an object of the present invention to disclose a spin
valve sensor capable of operating at high temperatures (above 120
C) without a loss in the SV effect.

It is another object of the present- invention to disclose a
self-biased spin valve sensor which does not use an
antiferromagnetic layer for the purpose of pinning the pinned

:layer.

i It is yet another object of the present invention to
disclose a spin valve sensor -which uses a keeper layer in
combination with sense current for the purpose of pinning the
pinned layer.

This and other objects and advantages are attained in
accordance with the principles of thé present inventien by a
self-biased spin valve (SV) sensor having end regions separated
from gach other by a central region. The SV senéor'further has a

- free layer separated.from a pinned layer by a spacerl layer. The
free layer is also separated from a keeper layer by.a spacer2
layer. The free layer is sandwiched between the spacerl and the
spacer2. layers. The free layer together with the spacerl and

spacer2 layers are further sandwiched between the pinned and
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~typical SV sensor used in a DASD should be able to operate reliably at a

" constant tenperature of about 120 C at a pinning field of about 200 QCe, it
can readily be seen that Felnh substantially loses it ability to pin the

pi nned | ayer at about 120 C (pinning field dropping to about 150 Ce) and
Ni O can marginally provide adequate pinning at about 120 C (pinning field
dropping to about 180 QGe). It shoul d-be ©oted that once the pinning effect
is lost, the SV sensor loses its SV effect either totally or partially,
rendering the SV sensor useless. Aside fromthe tenperature sensitivity

I ssue, FeMy is also very prone to corrosion which nakes its use as an AFM

| ayer even nore problematic than NiO. Therefore, there is a need for a spin
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pinned and keeper layers are all formed in the central region and
are referred to as the SV element (material).

Longitudinal biasing layers (either hard bias (HB) layers or
exchange bias (EB) layers) formed in the end regions provide
longitudinal biasing for the free layer formed in the central
region. Each longitudinal biasing layer further forms a
contiguous junction with the SV element.. The SV sensoxr further
has two leads (first and second SV leads, also referred to as SV
leads) formed on said longitudinal biasing layefS'for_providing
sense current to the 8V element. The pinned and keépér layers’
magnetic moments are further set (through the selection of proper
thickness) to be substantially equal.

The;spacerl material is chosen from a class of non-magnetic
materials that promote SV effect such as copper, silver or gold.
On the other hand, the spacer2 material is chosen from a class of
non-magnetic materials that substantially or completely inhibit
the SV effect such as Ta, Cr, W, Re, Nb, Mo, 510, and Al,03. The
use of'SV effect inhibiting material ensures that the combination
of the keeper layer, spacer2, and thé free layer does not create
any- SV effect.

In the absence of sense current (no sense current applied to
the SV sensor), the magnetization of all three magnetic layers

(free, pinned and keeper) are set to be parallel with each other,



thus ®lininating the SV sensor operation on the AFM |ayer and the
‘tenperature sensitivity of the AFM | ayer. SUMMARY OF THE INVENTION It is an
obj ect of the present invention to disclose a spin valve sensor capabl e of
operating at high tenperatures (above 120 C) without a loss in the SV
effect. It is another object of the present invention to disclose a

sel f-bi ased spin val ve sensor which does7neot use an antiferromagnetic |ayer
for the purpose of pinning the pinned layer. It is yet another object of
the present invention to disclose a spin valve sensor which uses a keeper
layer-in conbination with sense current for the purpose of pinning the

pi nned | ayer. This and ot her objects and advantages are attained in

accor dance i tthet Bampr biebpt e6n)f ah@ei R A1 1 NWEOE | e 4 12 velldingi ased
spin valve (SV) sensor having end regions separated from each other by a
central regiumfacéhda®y beasbngf surfiace hgABS) fre€ers ayertinepairdacd bFfoghs
soft ferromagnetic pinned | ayer by a spacerl |layer. The free |layer is also
separ at ed MagRetigcbpad,| dpeiuding thak portiigpepf the FV @ensgyer adjacent
sandwi ched ,het ween t he erl and ihe spacer?2 | ayers. The free | ayer

t oget her wit¥f "RENE égeags ndEb3ERt 2 | ayers are further sandwi ched between

the pinned and 1, the presence of sense current (sense current applied to-
the SV sensor) of a predetermined magnitude, the magnetization
vectors of the pinned layer and the keeper layer become
antiparallel with each other to minimize- the magnetostﬁtic enerqgy
gnd at the same time the magnetization vectors become transverse
to the ABS due to the current induced magnetic field. Therefore,
the magnetic flux closure provided-by:the keeper layer in
combination with the magnetic field génerated by the sense
current pins (fixes) the magnetization of the pinned layer
perpendicular to the ABS.

The use of a soft keeper layer in conjunétion with the sense.
current as a means of pinning the magnetization of the pinned
layer eliminates the AFM layer and the sensor operatign
dependency on the AFM layer; it provides a dynamic means for
pinning the pinned layer in the case that the sensor becomes
inoperative due to sudden change in temperature or sudden impact
with the disk; and at the same time stray fields aciing on the
edges of the free layer are substantially reduced due to
cancellation of the equal magnetic moments between the pinned

layer and the keeper layer. The SV sensor disclosed herein which



i-6;'ﬁeeper | ayers. The free |l ayer, the spacerl and spacer 2 and the pinned
~and keeper layers are all formed in the central region and are referred to
as the SV.element (material). Longitudinal biasing layers (either hard bias
(HB) layers or exchange bias (EB) layers) formed in the end regions provide
| ongi tudinal biasing for the free layer formed in the central region. Each
| ongi tudi nal biasing |ayer further forms8a-contiguous junction with the SV
el enent. The SV sensor further has two | eads (first and second SV | eads,
also referred to as SV | eads) formed on said | ongi tudi nal biasing |ayers
for providing sense current to the SV elenent. The pinned and keeper | ayers
magneti c nonents are further set (through the selection of proper

t hi ckness)ddes ot e ant hehl Yagapakor THENSRAL ¢he MBGRGL Bat fort RS TOM a
cl ass of non-nmagnetic

pinned layer is referred to as a self-biased SV sensor.

Brief Description of the Drawings

For a fulier understanding of the nature and advantages of
the present invention,-as well as the preferred mode of use,
reference should be made to the following detailed description
read in conjunction with the accompanying drawings. In the
following drawings, like reference numerals designate like or
similar parts throughout the drawings.

Fig..l is a perspéctive viéw, not to scale, of a prior art
SV sensor using an antiferromagnetic layer:;

Fig. 2 is a graph shoﬁing the relation between the pinning
field ana the temperature for FeMn and NiO;

Fig. 3 is a simplified diagram of a magnetic disk storage
system embodying the present invention;

Fig. 4 is an éir bearing surface view, not to scale, of the
self-biased SV sensor of the preferred embodiment of the present
invention;

Fig. 5 is a persﬁective view, not to scale, of the keeper,
free and pinned layers and their magnetization vectdr in the

presence and the absence of the sense current of the self-biased

SV sensor of Fig. 4; and
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~matetials that pronote SV effect such as copper, silver or gold. On the

S other hand, the spacer2 material is chosen froma class of non-nagnetic
materials that substantially or conpletely inhibit the SV effect such as
Ta, &, W Re, No, My, Si2 and A1203. The use of SV effect inhibiting
material ensures that the conbination of the keeper |ayer, spacer2, and the
free layer does not create any SV effeecta -In the absence of sense current
(no sense current applied to the SV sensor), the nmagnetization of all three
magnetic | ayers (free, pinned and keeper) are set to be parallel with each
ot her, in the same direction, and in parallel wth the air bearing -
surface (air bearing surface (ABS) refers to the surface of the nmagnetic

head, includingeihats PQJ tdPai1f HASiRY SEREAte VAGWACABE LHCsERONEIIE i Sk
surface). In the presence of sense curfrent (sense current applied to
’ alternative embodiment of the self-biased SV sensor of the

present invention.

Best Mode for Carrying Out the Invegtion

The following description is the best mode presently
contemplated for carrying out the invention. This description
and the number of alternative embodiments showh 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.:

‘Réferring now to Fig. 3, there is shown a disk drive 300
embodying the present invention. As shown in Fig. 3, at least
one rotapable magnetic disk 312 is supported on a spindle 314 and
rotated by a:disk drive motor 318. The magnetic recording media
.on each disk is in the form of an annular pattern of concentric
data tracks (not shown) on disk 312. -

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

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



~the SV sensor) of a predeterm ned magni tude, the magnetization vectors of

“the pinned | ayer and the keeper |ayer becone antiparallel with each other
to mnimze the magnetostatic energy and at the sane tinme the magneti zation
vectors becone transverse to the ABS due to the current induced magnetic
field. Therefore, the magnetic flux closure provided by the keeper layer in
conbination with the magnetic field -geperated by the sense current pins _
(fixes) the magneti zation of the pinned | ayer perpendicular to the ABS. The
use of a soft keeper layer in conjunction with the sense current as a neans
of pinning the magnetization of the pinned | ayer- elimnates the AFM | ayer
and the sensor operation dependency on the AFM | ayer; it provides a dynam c

e T BoBRAB LSBT B0 S35 oe RO BT
di sk; and gbyrtBCuRPER BidFes d104dy 813Sagaindtd the HISKesEREadd 341, T I
| ayer are substantially reduced due to cancellation of the equal magnetic
nonent s behveaatdéhcapm 3l is attached to an actuator means 327. The
actuator means as shown in Fig. 3 may be a voice coil motor
(VCM). The VCM comprises a coil movable within a fixed magnetic
field, the direction and speed of the coil movements being
controlled by the motor current signals supplied by controller
329. ‘ : i

During operation of the disk storage system, the rotation of

disk 312 generates an air bearing between slider 313 and disk

" surface 322 which exerts an upward force or lift on the slider.
The air bearing thus counter-balances the slight spring force of
suspension 315 and supports slider 313 off and slightly above the
disk sufface by a small; substantially constant spacing during
normal operation. .

The various components of the disk storage system are
controlled in operation by control signals generated by control -
unit 329, such as access control signals and internal clock
signals. Typically, control unit 329 comprises logic control
circuits, storage means and a microprocessor. The control unit
329 generates control signals to control various system
operations such as drive motor control signals on line 323 and

head position and seek control signals on line 328. The control

signals on line 328 provide the desired current profiles to



layef and the keeper |ayer. The SV sensor disclosed herein whi ch does
“not use an AFM | ayer for pinning the magnetization of the pinned |ayer is
referred to as a self-biased SV sensor. According to still another aspect
of the present invention there is provided a spin valve (SV) sensor,
conprising: an SV elenent, said SV elenent including: a free layer; a
pinned | ayer having a magnetization dirggtion; a keeper layer; a spacerl
| ayer di sposed between said free and pinned |ayers; and a spacer2 |ayer
di'sposed between said free and keeper |ayers, said free layer being
di sposed between said spacerl and spacer2 layers; first and second _
| ongi tudi nal bias |ayers separated fromeach other by said SV el enent, said

first and sgenfish1pnsive/dHrflpddiag ond¥adek 054 te&i'cf@@ hlés?kég' agtéwéﬂ%éieee
llayer; first and second SV | eads disposed over said first and secon Ias

l'ayers foroapplsk rifsenfeal an writes 8ignSls cd i RBonmupdcdt4QELET ahdYLFom N
combi nation with said sense current pinning the magnetization of said

pi nned | ayBeadAwrl tehandm 321z Iyl owansr oft recoxdingaichiapnaied2bayer in the

presence of the sen%e current being different fromthe magnetization

direction of saiif @ «queﬁé]“ﬁq ot pstRicak magaetdrsdigk, storage

system, and the accompanying illustration of Fig. 3 are for
representation purposes only. It should be apparent that disk
storage systems may coﬁtain a large number of disks and
actuators, and each actuatof may support-a number of sliders.

Now referring to Fig. 4, there is shown an air bearing

. surface view, not to scale, of a self-biased spin valve (SV)
senso; 400 of the preferred embodiment of the present invention.
SV sensor 400 comprises passive end regions 410 and 420 separated
from each other by a central ‘active region 430. SV sensor 400,
preferabiy, although not necessarily, comprises a first magnetic
shield layer 460 and a gap layer 458 formed sequentially on a
.Ssuitable substrate 462. Shiéld layer 460 provides magnetic
insulation for the SV sensor 400 and is typically made. of _NiFe or
sendust (TM). Gap layer 458 provides electrical insulation for
the Sv_sensor 400 and is generally made of Al,03 or 510,.

The SV sensor 400 further comprises a pinned layer 452,
spacerl layer 450, free layer 448, spacer2 layer 446 and keeper
layer 444 formed in that order in the central region 430 over the
gap layer 458. The free layer 448 is separated from the pinned

layer 452 by the non-magnetic electrically conducting spacerl



yAcchdLng to still another aspect of the present invention there is
“provided a spin valve (SV) sensor, conprising: an SV element, said SV
element including: a free layer; a pinned |ayer having a magnetization
direction; a keeper |ayer having a magnetization direction; a spacerl |ayer
di sposed between said free and pinned |layers; and a spacer2 |ayer disposed
between said free and keeper |ayers,-3aid free layer being disposed between
sai d spacerl and spacer2 layers; first and second |ongitudinal bias |ayers
separated from each other by said SV elenent, said first and second

| ongi tudi nal bias layers longitudinally biasing said free |ayer; first and
second SV | eads di sposed over said first and second bias |ayers for

appl yi ng sqg;,(sgrcggbgnt ohe $aLd ]_S%/%gi, Sy =1 %ﬁ%gh§§g¥eeéa£a§%§r ﬁiﬁg&c%gﬁ;i nation

wi th said sense current pinning € magneti zati on er; and

t he nagnetmk%benldyéecahanfftﬁéiﬁbﬂﬁdﬁﬁﬁéthaysﬁaééké'I%y%&522§€ O&ghh%ree

sense current being parallel to the magnetization direction of sald keeper

| ayer in tleyairsenBe thesspaceenbsyers r4ne and 486, BMlCpiRhedR1IEFLEN468 THE
DRAW NGS
and the keeper layer 444 are referred to as the SV element

(material) 490. _

The free layer 448, with its magnetization preferably set to
be parallel to the air-bearing surface 466'in the absence of an
external field (i.e., a data field from the disk), is made of
soft ferromagnetic material such as NiFe or NiFe/Co. .The pinned
layer 452, with its magnetization preferably sgt to be parallel
to the air bearing surface 466 in the absence 6f sense current,
is made of soft ferromagnetic material, such ds NiFe or NiFe/Co.
The keeper layer 444, with its magnetization preferably set to be
parallelgto the air bearing surface 466 in the absence of én
external field, is made of soft ferromagnetic material having

.high resistivity such as NiFeNb, NiFeCr, NiFe, CoFeNb, CoFeNbHf

or CrZrMo. -

The spacerl layer 450 (spacer between the free and pinned
layers) is made of SV promoting materials (SV promoting materials
are those that promote SV effect) such as copper, silver or - gold.
The spacer2 layer 446 (spacer between the free and keeéer layers)
is made of SV inhibiting materials (SV inhibiting materials are
those that minimize or eliminate SV effect) such as Al,04, S10,,
Ta, Cr, W, Re, Nb and Mo.



For & fuller understanding of the nature and advantages of the present
“invention, as well as the preferred node of use, reference should be made
to the followi ng detailed description read in conjunction with the
acconpanyi ng drawings. In the follow ng drawi ngs, |ike reference nunerals
designate like or simlar parts throughout the drawings. Fig. 1 is a
perspective view, not to scale, of a pridr art SV sensor using an
antiferromagnetic layer; Fig. 2 is a graph showi ng the relation between the
pinning field and the tenperature for FeMh and NO Fig. 3 is a sinplified
di agram of a magnetic di sk storage system enbodyi ng the present invention,;
Fig. 4 is an air bearing surface view, not to scale, of the self-biased SV
sensor of the pgefsénssh fPOdB e cdnflt-1BEESE giﬁﬁﬁﬁﬁélpﬂiagﬁﬁg iagarg
_perspective view, not to scale, of the Keeper, free and pinne yers and
their magnev2zahd 0474 epéxmied nin ehepreaapbnegisngd 41e aftba2os ebspbetsoasy,

current of the self-biased SV sensor of Fig. 4; and
for providing a longitudinal bias field to the free layer 448 to

ensure a single magnetic domain state in the free layer. 1In the
preferred embodiment, longitudinal biasingllayers 472 and 474
comprise hard magnetic material such és CoPtCr although they may
also be made ofloﬁher'Co based hérd magnets such as CoPtCrTa or
CoPtCrsSiO,. Layers 472 and 474 made of hard magnetic-material
are generally referred to as hard bias (HB) layers 472 and 474.
Each 16ngitudina1 biasing iayer further forms a contiguous
junction with the SV element 496.

Alternatively, longitudinal biasing may be accomplished
through exchange coupling of -the layers 472 and 474 comprising
soft magnetic material (NiFe or NiFeCo) with a layer of AFM
material formed in each end region. Softlbias layers 472 and 474
‘are magnetically hardehed as a result of exchange coupling with

‘an AFM layer.

SV sensor 400 further comprises two electrical leads 482 and
484 (first and second SV leads) formed in the end regions 410 and
420, respectively, to provide electrical connection between the
SV-element and an SV current source 510 (Fig. 5). SV current
.source 510 provides to the SV element 490 sense current 6f
sufficient magnitude necessary to: (1) establish the DC base

(bias) voltage across the SV element 490 and (2) causing the



‘9 Fig. 6 is an air bearing surface view, not to scale, of an alternative

- enbodi nent of the self-biased SV sensor of the present invention. Best Mde
for Carrying Qut the Invention The foll ow ng description is the best nobde
presently contenplated for carrying out the invention. This description and
t he nunber of alternative enbodi nents shown are made for the purpose of
illustrating the general principle Qffhe present invention and is not

nmeant to limt the inventive concepts clained herein. Referring nowto Fig.
3, there is shown a disk drive 300 enbodyi ng the present invention. As
shown in Fig. 3, at |east one rotatable magnetic-disk 312 is supported on a
spindle 314 and rotated by a disk drive notor 318. The magnetic recording

media on each disk is in the formof an_ annular pattern of concentric data
tracks (ruﬁmgﬂﬁﬁ*gaqipqﬁqggtgfg_of the pinned layer and the keeper layer to

become antiparallel with each other and transverse to the ABS..

&

SV sensor 400 is also usually covered by a capping layer
(not shown) followed by a second shield layer (not shown).

Note that self-biased SV sensor refers to an SV sensor, such
as the SV sensor 400, which does not use an AFM layer in order to

~ pin the magnetization of the pinned layer--rather a keeper layer
in combination with the sense current is-used in order to pin the
magnetization of the pinned layer.

Referring to Eig. 5, there is shown a perspective view, not
to scale, of the keeper 444, freé layer 448 and the pinned 1ayef
452 and their magnetization vectors in the presence (dashed
arrows). and the absence of the sense current (solid arrows).

Référring to Figs. 4 and 5, in the absence of the sense
current I, the magnetization vector My, Mp and Mp of the keeper
layer 444, free layer 448 and the pinned layer 452 are set to be
parallel with each other, in the same direction, and parallel -
with the ABS 466 (position 444A! 448, and 452,, respectively).

In the presence qf the sense current (i.e., sense current
flowing in the SV sensor 400), the magnetizationlveqtor Mg of the
keeper layer 444 rotates from position 444, to position 444y and
become substantially transverse (i.e., perpendicular--meaning to
form a 75-105 degree angle) to the ABS 466 due to the magnetic

field Qenerated by that portion of the sense current Ig which



At ‘i éast one slider 313 is positioned on the disk 312, each slider 313
fsupporting one or nore negnetic read/wite heads 321 where the head 321

i ncorporates the MR sensor of the present invention. As the disks rotate,
slider 313 is noved radially in and out over disk surface 322 so that heads
321 may access different portions of the disk where desired data is
recorded. Each slider 313 is attached to_ap actuator arm 319 by neans of a
- 10 - suspension 315. The suspension 315 provides a slight spring force
whi ch biases slider 313 against the di sk surface 322. Each actuator arm 319
is attached to an actuator nmeans 327. The actuator means as shown in Fig. 3
may be a voice coil notor (VCM. The VCNIconBri?esha co!: nnvablethLh!n a
fixed magnetic fjeld, the direction and speed of the coil novenents being
control | gdg%?/w*f h’Jeu rﬁ(iltlortq&ﬂté’rﬁr SVgAgNsos RN eE (Bjinagds r 6reer spacerl

and spacer2) except the keeper layer itself. In the presence of
the sense current, the'magnetization vector Mp of the pinned
layer 452 rotates from position 452A to position 4525 and becomes
substantially transverse (i.e., perpendicular--meaning to form a
105-75 degree angle) to the ABS 466 due to the magnetic field
generated by that portion of the sense current Ig which flows in
the other layers (keeper, free, spacerl and spacer2) except the
pinned layer itself. In the presence of the sense current, the
magnétization vectors Mg and Mp will also become antipqrallel
with each other in order to minimize the magnetostatic energy.

As mentioned above, in the presence of the sense durrent, My
and Mp orient themselves to become substantially transverse to
the ABS 466 and at the same time they orient themselves to become
antiparallel (in opposite direction) with each other such that
.one of the magnetization vectors points in the direction away
from the ABS 466 and the other one points in the direction toward
the ABS. Therefore, the magnetic flux closure provided by the
keeper layer in combination with the magnetic field generated by
the sense current pin (fix) the pinned layer magnetization vector
in the position 4525 as long as the sense current is applied to
the sensor 400. Once the sensor current is turned off, the
pinned layer magnetization returns to the bias position 452, in

the direction parallel with the ABS 466.



329.«During operation of the disk storage system the rotation of disk 312
. generates an air bearing between slider 313 and di sk surface 322 which
exerts an upward force or lift on the slider. The air bearing thus
count er-bal ances the slight spring force of suspension 315 and supports
slider 313 off and slightly above the disk surface by a snall
substantially constant spaci ng during norsmag operation. The various
conponents of the disk storage systemare controlled in operation by
control signals generated by control unit 329, such as access control
signals and internal clock signals. Typically, control unit 329 conprises
|l ogic control circuits, storage neans and a m croprocessor. The control

UL 329 e 3 st eIl BaLO SR SRl 843 NSRRI

gggit ;gg i Lg?giﬁ? fgxﬁ‘o«#:ﬁ'égcs%%g-acﬂiévgo%{:%af'Qé}f’ﬂc& 8BekhPfors2 &y Ovi de the
magnetization 448, of the free layer is made to remain parallel
with the ABS (magnetization 448p) through adjusting the spacer
1&yers' thicknesses (i.e., spacerl.thickness and spacer 2
thickness) in order to obtain the desired amount of magnetic
coupling; by changing-the thickness and the resistivities of the
pinned and'keeper layers, in order to adjust the current
distribution in the sensor and the resulting'induced field acting
on the free layet; or by having the thickness of the pinned and
keeper layers to be different from each other which results in
creating a stray field acting on the free layer.

Alternatively, the sensor may be asymmetrically positioned
between fhe magnetic shields for producing a net field on the
free lavyer.

Now referring to Fig. 6, there is shown an air bearing
surface view, not to scale, of an altérnative SV sensor 600 of
the present invention. S8V sensor.GOO comprises passive end
regions 610 and 620 separated from eaéh other by a céntral active
region 630. The sensor may also comprise a magnetic shield layer
660 and a gap layer 658 formed on a suitable substrate 662.
Shield layer 660 provides magnetic insulation for the SV sensor
600 and gap layer 658 provides electrical insulation for the SV

sensor 600.



optivral |y nove and position slider 313 to the desired data track on disk
312. Read and wite signals are communicated to and fromread/wite heads
321 by means of recording channel 325. The above description of a typical
magneti c di sk storage system and the acconpanying illustration of Fig. 3
are for representati on purposes only. It should be apparent that disk
storage systens may contain a |arge nuniger of di sks and actuators, and each
actuator may support a nunber of sliders. Now referring to Fig. 4, there is
shown an air bearing surface view, not to scale, of a self-biased spin

val ve (SV) sensor 400 of the preferred enbodi nent of the present invention.
SV sensor 400 conprises passive end regions 410 and 420 separated from each

ot her by a central active re n_430. SV sen or 400, pre rabI Ithough
not necessari | LR SpSPR89 s gb&rg?r?ﬂﬁﬁuﬁﬁmgr AfR1d ¥%§§ﬁr gap

:o?g\?ir dg§8 n%}ée%&ci%%ﬁnhé',' ¥r8l Paydd 64, CspHESH aié‘ye‘kﬁ?ssos@n@ %s&@éﬁr‘ 460
layer 652 formed in that order in the central region 630 over the
gap layer 658. The free layer 648 is separated from the pinned
layer 652 by the non-magnetie electrically conducting spacerl
layer 650. The free layer 648 is also separated from the keeper
layer 644 by the non-magnetic electrically conducting spacer2
layer 646. The free layer 648, the spacer layers 646 and 650,
the pinned layer 652 and the keeper layer 644 are referred to as
the SV element (material) 690. |

The free layer 648, with its magnetization preferably set to
be-parallel to the air bearing surface (ABS) 666 in the absence
of an external field, is made of soft ferromagnetic material such
as NiFe or NiFe/Co; the pinned layer 652, with its magnetization
preferably set to be parallel to the ABS 666 in the absence of an
_external field, is made of soft ferromagnetic material, such as
NiFe or NiFe/Co; and the keeper layer 644, with its magnetization
preferably set to be parallel to the ABS 666 in the absence of an
external field, is also made of soft ferromagnetic material
having high resistivity such as CoHfNb, NiFeNb or NiFeCr.

The spacerl layer 650 (spacer between free and pinned
layers) is made of SV promoting materials (SV promoting materials
are those that promote SV effect) such as copper, silver or gold.

The spacer2 layer 646 (spacer between the free and keeper layers)



i.nsutation for the SV sensor 400 and is typically made of N Fe or sendust

- (TM. Gap layer 458 provides electrical insulation for the SV sensor 400
and is generally made of Al[err](err] or SiJerr]. The SV sensor 400
further conprises a pinned | ayer 452, spacerl |ayer 450, free | ayer 448,
spacer2 | ayer 446 and keeper |ayer 444 formed in that order in the central
regi on 430 over the gap |ayer 458. The_j&gq_layer 448 is separated fromthe
pi nned | ayer 452 by the non-magnetic el eCtrically conducting spacerl -
12 - layer 450. The free layer 448 is further separated fromthe keeper
|ayer 444 by the non-nmagnetic spacer2 |ayer 446. The free |ayer- 448, the
spacer |ayers 446 and 450, the pinned | ayer 452 and the keeper |ayer 444

are referred $0q8%¢ & NI WAL LA ) (APAnnIBELihGGnd Y S a ki Giret LD
qy set “to

its magnetization prefera
those that minimize or eliminate SV effect) such as A1203, Sioz,

Ta, Cr, W, Re, Nb and Mo.

SV ‘sensor 600 further comprises layers 672 and 674 which are
formed in the end regions 610 and 620, respectively, for
providing a longitudinal bias field to the free layer 648 to
ensure a single magnetic domain state in the free layer. Layers
672 and 674 are preferably made of hard magnetic material such as
CoPtCr alfhough they may also be made of CoPtCrTa or COPtCrSiO,.
Magnetic layers 672 and 674 méde of hard magnetic material are
referrea:to as hard bias layers 672 and 674. Layers 672 and 674
furtheri form contiguous junctions with the SV element 690.

SV_sensor 600 further comprises two electrical leads 682 and
684 (firét and second SV leads) formed in the end regions 610 and
620, respectively, to provide electrical connection between the
SV element and an SV current source 510 (Fig. 5). SV current
source 510 provides the necessary sense current to the SV_element
690 to establish the DC base (bias) voltage across the SV element
690.

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

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



beparallel to the air bearing surface 466 in the absence of an external
-field (i.e., a data field fromthe disk), is made of soft ferromagnetic
material such as NiFe or Ni Fe/Co. The pinned |ayer 452, with its

magneti zation preferably set to be parallel to the air bearing surface 466
in the absence of sense current, is nade of soft ferromagnetic material,
such ds NiFe or N Fe/Co. The keeper |ayeam 444, with its magnetization
preferably set to be parallel to the air bearing surface 466 in the absence
of an external field, is nade of soft ferromagnetic material having high
resistivity such as Ni FeNb, N FeCr, N Fe, CoFeNp, -CoFeNbHf or CrZrM. The
spacerl | ayer 450 (spacer between the free and pinned |layers) is nade of SV
pronoting ABterdshgly SMPrHMid e MRsabsd 2kt % ihRahtR6RMAE ScBYsed
effect) such as copper, silver or gold. The spacer2 |ayer 446 (spacer :
bet ween t hhefeim isdnddedperbe dhiarived dbymbtle bIldtnatkedbembodimaheyibhs (SV
inhibiting materials are those that mnimze or elimnate SV effect) such

as Al [err]epty Py theysgope ofy the appended ¢laimet M.



- -¥3* SV sensor 400 further conprises |ongitudinal biasing | ayers 472 and
-474 formed in the end regions 410 and 420, respectively, for providing a

| ongi tudinal bias field to the free |layer 448 to ensure a singl ghetic
dormain state in the free layer. In the preferred enbodi ; WWdi na
bi asing |l ayers 472 and 474 conprise hard magnetic er.| “\‘\&% Pt Cr
al t hough they may al so be nade of other_Gg based ha&“\w \a *as
CoPtCrTa or CoPtCrSi Q2. Layers 472 and 474 made of d gne‘r‘i c-materi al
are generally referred to as hard bias (HB) |ayers 472 and 474. Each
| angi t udi nal biasing |ayer further fornms a contiguous junction with the SV
el ement 490. Alternatively, |ongitudinal biasing may be acconplished
t hrough exchange coupling of the |ayers qu@nd 474 conprising soft
magnetic material (NiFe or NiFeCo) with a layer of AFM

We Claim:

1. A self-biased spin valve (SV) sensor, comprising:
an SV element, said SV element including:
a free layer;
a pinned layer;
a keeper layer;
a spacerl layer disposed between said free and pinned
layers; and
a spacer2 layer disposed between said free and keeper
layers, said free layer being disposed between said spacerl
and -spacer2 layers;
firét and second longitudinal bias layers separated from
each other by said SV element, each of said first and second
longitudinal bias layers forming a contiguous junction with said
SV element, said first and second longitudinal bias layers
longitudinally bias said free layer; and
girst and second SV leads disposed over said first and
second bias layers for applying sense current to said SV element,
said keeper layer in combination with said sense cufrent pinning

the magnetization of said pinned layer.
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matefial fornmed in each end region. Soft bias |ayers 472 and 474 are

" magnetical'ly hardened as a result of exchange coupling with an AFM | ayer.

SV sensor 400 further conprises two electrical |eads 4 first and
second SV |l eads) formed in the end regions 410 and 42 mlg ﬁuﬂ
provi de el ectrical connection between the SV el enent

source 510 (Fig. 5. SV current source 51f1provides to the SV elenent 490
sense current of sufficient magnitude necessary to: (1) establish the DC
base (bias) voltage across the SV elenment 490 and (2) causing the - 14 -
magneti zati on vectors of the pinned | ayer and the keeper |ayer to becone
antiparallel with each other and transverse to the ABS. SV sensor 400 is

al so usual | y coyered, %Ve)laf—%%%@éi!ig ShA%8hsbPOLs SURLA' Ph! 8YEHbY Fhessand

shield layer (not sho
said free layer is selected from a group of material consisting

of NiFe, NiFeCo and NiFe/Co.

3. A self-biased SV sensor as recited in claim 1 wherein
said pinned layer is selected from a group of material consisting

of NiFe, NiFeCo and NiFe/Co.

4, A self-biased SV sensor as recited in claim 1 wherein
said keeper layer is selected from a group of material consisting

of NiFeNb, NiFeCr, NiFeRh and NiFe.

5., A self-biased SV sensor as recited in claim 1 wherein
said kéeber layer is selected from a group of material consisting

of CoFeNb, CoFeNbHf, and CoZrMo.

6. A self-biased SV sensor as recited in claim-l wherein
said spacerl layer is selected from a group of material

consisting of copper, gold and silver.

7. A self-biased SV sensor as recited in claim 1 wherein
sald spacer2 layer is selected from a group of material

consisting of Ta, Cr, W, Re, Nb, Mo, A1203 and Si0,.

—_—
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~Note-that self-biased SV sensor refers to an SV sensor, such as the SV
“sensor 400, which does not use an AFM | ayer in order—te—pinthe

magneti zati on of the pinned | ayer--rather a keeper |la ' mnm“mn
with the sense current is used in order to pin the mam““m‘ e
pinned | ayer. Referring to Fig. 5, there is shown a perspécthve vi*ew not
to scale, of the keeper 444, free | ayer 2448 and the pinned | ayer 452 and

their magnetization vectors in the presence (dashed arrows) and the absence

of the sense current (solid arrows). Referring to Figs. 4 and 5, in the
absence of the sense current I[err], the magnetization vector Merr],
Merr] and Merr] of the keeper |ayer 444, free | ayer 448 and the pinned

I 452 t to. b allel.w.dgh h oth Jdnoth [ tion,
|12, 010 S8 op PGPS Y R B et AR ALY
respectivegy}y %@réi‘earﬁi ERENNRI H1dd19 3NECard §8Nctlds %romsﬂnﬁﬁ% rgent

flowing in the sensor 400), the magnetization vector M of eeper

| ayer 444 natratmaghéOie Mnstdr iyl 4ol st ihas of | copPredd| eobkcerd, besane
substantially transverse (i.e., perpendicular--nmeaning to
CoPtCrsio,.

9. A self-biased SV sensor as recited in claim 1 wherein
said first and second bias layers are selected from a group of

soft magnetic materiél consisting of NiFe and NiFeCo. -

_ 10. A magnetic storage system, comprising:
a magnetic stofage medium for recording data;
a self-biased 8V sensor including:
an SV element, said SV element having:
a free layer;
a pinned layer;
a keeper layer;
a spacerl layer disposed between said free.and
pinhed layers; and
a spacer2 layer disposed between said free and
keeper layers, said free layer being diqused between
said spacerl and spacer2 layers;
first and sécond longitudinal bias layers separated
from each other by said SV element, each of said first and

second longitudinal bias layers forming a contiguous

[

This Sheet Has Been Replaced

i

TS SHEET HAS B
REPLACED

EEN !




fornmra 75-105 degree angle) to the ABS 466 due to the magnetic fiel :
“generated by that portion of the sense current I[err] '

- 15 - S
in all the other SV sensor |ayers (pinned, free, spacera M\Mj ““‘““E
except the keeper layer itself. In the presence of the um ol
magneti zati on vector Merr] &f the pinned | ayer 452 rotat®s %rdm position
452A to position 452B and becomes substant-bglly transverse (i.e.,
per pendi cul ar--nmeaning to forma 105-75 degree angle) to the ABS 466 due to
the magnetic field generated by that portion of the sense current I[err]

which flows in the other |ayers (keeper, free, spacerl and spacer2) except
the pinned layer itself. In the presence of the sense current, the

magnetization veehof oMWt ¥k Me'dilemnt! 8h56P ASGAMRANRANLLESAA! | €] with
éach other in orfder to mnimze the magnetostatic energy. As nentioned
.above, in the prLefAgitediial heiseisyehs noagitilibidl]ly bias said free
layer; and
first and second SV leads disposed over said first and
second bias layers for applying sense current to said SV
element, said keeper layer in combination with said sense
current pinning the magnetization of said pinned layer; and
a recording channel coubled to said. SV sensor for detecting
resistance changes in said SV element responéive to applied
magnetic fields representative of data recorded in said magnetic
' storége medium.
11. A magnetic storage -system according to claim 10,
wherein said free layer is selected from a group of material

consisting of NiFe, NiFeCo and NiFe/Co.

12. A magnetic storage system according to claim 10,
wherein said pinned layer is selected from a group of material

consisting of NiFe, NiFeCo and NiFe/Co.

13. A magnetic storage system according to claim 10,
wherein said keeper layer is selected from a group of material

consisting of NiFe, NiFeNb and NiFeCr and NiFeRh.

-
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and k{erﬁ] orient thenselves to becone substantialty transverse to ttie ABS

"466 and at the sane tine they orient thenselves to
opposite direction) with each other such that one

SRR o "

vectors points in the direction away fromthe ABS 466 &ndlLth® ot her one

points in the direction toward the ABS. Therefore,

the magnetic flux

cl osure provided by the keeper |ayer in 2brbination with the nmagnetic field

generated by the sense current pin (fix) the pinned | ayer
vector in the position 452[err] as long as the sense current
the sensor 400-. Once the sensor current is turned off,

magneti zati on

is applied to

t he pi nned | ayer

magneti zation returns to the bias position 452A in the direction parallel
with the ABS 4664. ArdGV sdrismpagseredtel iheckeinsd0Cwheesinagdid okdéesdl

fromthe disk, in order to achieve optim

sensor operation,

t he

layer is selected from a group of material consisting of CoFeNb,

CoFeNbHf, and CoZrMo.

15. A magnetic storage system according to claim 10,

wherein said spacerl layer is selected from a group of material

consisting of copper, gold and silver.

16. A magnetic storage system according to claim 10,

wherein said spacer2 layer is selected from a group of material

consisting of Ta, Cr, W, Re, Nb, Mo, A1203 and Sioz.

17. A magnetic storage system according to claim 10,

wherein first and second bias layers are selected from a group of

hard magnetic material consisting of CoPtCr, CoPitCrTa, and

_CoPtCrSioz.

- . -

18. A magnetic storage system according to claim 10,

wherein first and second bias layers are selected from a group of

soft magnetic material consisting of NiFe and NiFeCo.

_
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magnet i zati on 448A of the free layer is nade to remain parallel with the
ABS (nmagneti zation 448B) through adjusting the spacer |ayers' thicknesses
(i.e., spacerl thickness and spacer 2 thickness) in order to obtain the
desired amount of magnetic coupling; by changing the thickness and the
resistivities of the pinned and keeper | ayers, in order to adjust the
current distribution in the sensor and -tdse resulting i nduced field acting

on the free layer; or by havi t he thickness of the %nnned and keeper
| ayers to be different frorSFéégBIIbSEBrSRlNlYALW&%ENé‘O creating a stray

field actin g Qn the free layer. Alternatively, the sensor may be
asymetri |t|oned bet ween the magnetic shields for producing a net

beari ng. surt afcfﬁ Sl iR b RY) nifrdsisfe P SERSy SRt R 5t ne
DreSent | B I e R A R B3P P 5L 0, A e 0
al S0 ConpibGieandiRYR Hiyet (#48)%khrh@d Gfom a keeper layer (444) by a spacer2 layer (446).
The free layer (448) being disposed between the keeper layer (444) and the pinned layer
(452). The keeper layer (444) in combination with the sense current flowing in the
sensor is used as a means of pinning the magnetization of the pinned layer (452). By
using the soft keeper layer (444) in combination with the sense current as a means of
pinning the pinned layer magnetization as opposed to the use of the conventional
antiferromagnetic layer, the SV sensor dependency on the blocking temperature of the
antiferromagnetic layer is eliminated.

Fig. 4

-
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* 660-and a gap | ayer 658 forned on a suitable substrate 662. Shield | ayer

*B560 provides magnetic insulation for the SV sensor 600 and gap | ayer 658
pravi des electrical insulation for the SV sensor 600. - 17 - The SV

* sensor 600 further conprises a keeper |ayer 644, spacer2 |ayer 646, free
| ayer 648, spacerl |ayer 650 and pinned |ayer 652 forned in that order in
the central region 630 over the gap |ayer 658. The free | ayer 648 is
separated fromthe pinned |ayer 652 by the non-magnetic electrically
conducti ng spacerl |ayer 650. The fréé4lay 168 is al so separated fromthe
keeper | ayer 644 by the non-nmagnet | ' | y conducting spacer2 | ayer
646. The free |ayer 648, the space} IaﬁBﬁEﬁG46‘and 650, the pinned | ayer

652 and the kedper-"Tayer 644 are rgfeCURRENTO aF the SV elenent (maferial)
690.
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The freee layer 648, with its magnetization preferably set to be parallel to
~the air bearing surface (ABS) 666 in the absence of an external field, is
made of soft ferromagnetic material such as NiFe or N Fe/ Co; the pinned

| ayer 652, with its nmagnetization preferably set to be parallel to the ABS
666 in the absence of an external field, is nade of soft ferromagnetic
material, such as NiFe or N Fe/ Co; and the keeper |ayer 644, with its
magneti zation preferably set to be parallel to the ABS 666 in the absence
of an external field, is also nade of 2? t ferromagnetic material having
high resistivity such as CoHf Nb, Ni FeNb’ or N FeCr. The spacerl |ayer 650
(spacer between free and pinned |ayers) is nade of SV pronoting nmaterials
(SV pronoting materials are those that pronote SV effect) such as copper,
silver or gold. Tﬁ% spacer2 | ayer 646 (spacer between the free and keeper
| ayers) - 18 - o
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isumade of SVinhibiting materials (SV inhibiting materials are those that

=mnimze or elimnate SV effect) such as Al[err]Jerr],

W, Re,

| ongi t udi nal

such as CoPt Cr

'

respectively,
the free layer 648 to ensure a single nmagnetic
Layers 672 and 674 are preferably made of
ough they may al so be made of

SiJerr], Ta, C,

*Nb and Mb. SV sensor 600 further conprises |ayers 672 and 674 which
are formed in the end regions 610 and 620,
bias field to.
domain state in the free | ayer.
hard magnetic materi al

for providing a

CoPt Cr Ta or CoPtCrSi Qerr] gnetlc I 3@72 and 674 mage of hard
magnetic material are r effer as hard- b4i s layers 672 d—a74 Layers
672 and 674 further48X orqT Efd/ﬁ ous junctions with thefS e 4880. SV
sensor 600 further corrpr| A ' 4and
second SV |l eads) fo % gthe end regi ons @F%Rand 620, }respeef} ve to
provi de el ectrical neqti on hefween the errw urrent
source 510 (Fig. 5). SV current qource 51gpmv%ces the‘ﬁecessﬂéﬁlse
current to the SV el em:/nt,ﬁﬂo\%o establis base {bias) Vpltage
" ~—
across the SV el enggj HB ) FREE 1 1B 448
L~
466—1— SPACER 1 - 0
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690. Wile the present invention has been particularly shown and descri bed
wWith reference to the preferred enbodi nent thereof, nevertheless, it wll
be- undérstood by those skilled in the art that various nodifications may be
made therein without departing fromthe spirit, scope, and teaching of the

present i nvention. 19 Accordingly, it is to be understood that the
i nvention disclosed hereinis not to be [imted by the illustrated
enbodi ment, but only by the scope of th fppeqﬂ%d cl ai ns. CLAI M5 1. A
sel f-bi ased spin valve (SV) sensor, con%4 sip@.
SENSE
CURRENT
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an SV elenent, said SV el enent i nél uding: a free layer; a soft REPLACEME?"-"T SHEET
ferromagnetic pinned |layer; a keeper layer; a spacerl |ayer di SSESed

bet ween said free and pinned layers; and a spacer2 |ayer dispdsed Pd} i&gn i

LR

said free and keeper |ayers, said free | ayer being disposed bgtween said
spacerl and spacer2 layers; first and second | ongitudi nal biag | ayers
separated from each other by said SV el enent, each of said firlst_and second
| ongi tudi n bias; e f ' 4.qu L U ' i '

el oment oo PHRSIRBNE (he SV kB0 ReRitol i n AR ek L T delerappng e
. said free {enyRivityTdhd AFM lARe second SV | eads di sposed ever said first and
second bias layers for applying sense current to said SV el enent, said
keeper |ayer in conbination SUMMARY GFETHE INVENTIQONNNI ng t he

magneti zati on of said pinned |ayer. 2. The sel f-biased SV sensor as
recited in cl altns Bovdigectiof theipiesentinventiar td disslebeatspih ¥410ensensor Qupatdé of
mat erial consisting of NiFe, N FeCo and N Fe/Co. 3. The sel f-Dbi ased SV
sensor as PReratingiati high temperaturdsdabave 124i @) withoutd lbssyiarthe SVssffeetit ed from a

group of materjal consisting of NiFe, N_FeCo and Ni Fe/ Co.
It is another object of the present invention to disclose a self-biased spin valve

sensor which does not use an antiferromagnetic layer for the purpose of pinning the
pinned layer. .

It is yet another object of the present invention to disclose a spin valve sensor
which uses a keeper layer in comibination with sense current for the purpose of pinning
the pinned layer.

This and other objects and advantages are attained in accordance with the
principles of the present invention by a self-biased spin valve (SV) sensor having end
'régions separated from each other by a central region. The SV sensor further has a free
layer separated from a soft ferromagnetic pinned layer by a spacerl layer. The free

‘layer is also separated from a keeper iayer by a spacer2 layer. The free layer is

sandwiched be_tween the spacet1 arid the spacer2 layers. The free layer together with the

spacer] and spacer2 layers are further sandwiched between the pinned and



4. The sel f-biased SV sensor as recited in claim 1 wherei

eePel -
| ayer is selected froma group of material consisting pf NiF Nt,a‘,ﬁ\Ih'Fggg, 1309
Ni FeRh and Ni Fe. 5. The sel f-biased SV sensor as recited ! dl at ) SEF
wherein said keeper |ayer is selected fréma group of materi gl ‘eenststi-ng

| REPLACEMENT SHEET
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of CoFeNb, CoFeNbHf, and CoZr Mo. 6. The sel f-bi ased SV sengor

in claim dosshifk @kd as AEMS

consi sting.of copper, gol dag‘ﬁﬁfogipwie‘% ﬂ{e%%}egg&%retﬁggﬁn%i

as recit edoids Ldedf-biasell SWREMoP. sai d spacer2 | ayer

of material consisting of Ta, &, W Re, No, M, A1203 and SiJerr]. 8.
The sel f - bi asedc@vdimgneastiliisnotiee dspecti of thé pretedt ibeitnthe # Frovidbd ANhin
second bias |ayers are selected froma group of hard magnetic materi al

consi st i ngvaive (9Pt EmsoCePurising: and\CelenentisaldeSV elenfent incRudinges frebilagad SV
sensor as recited in claim1l wherein said first and second bias |ayers are

~sel ected f# Binned davenpaving aonagnetigation dirertiony 4 keepeo hyesta spgcerl InjeFalispoded

between said free and pinned layers; and a spacer2 layer disposed between said free and
keeper layers, said free layer being disposéd between said spacerl and spacer2 layers;
first and second longitudinal bias layers separated from each other by said SV element,
said first and second longitudinal bias layers longitudinally biasing said free layei; first
aﬂd second SV leads disposed over said first and second bias layers for applying sense
current to said SV element, said keeper layer in combination with said sense current
pinning the magnetization of said pinned layer; and the magnetization direction of said
pinned léyer in the presence of the sense current being different from the magnetization
direction of said pinned layer in the absence of the sense current.

According to still another aspect of the present inv¢ntion there is provided a spin
valve (SV) sensor, comprising: an SV element, said SV element including: a free layer;
a pinned layer having a magnetization direction; a keeper layer having a magnetization
direction; a spacerl layer dispbsed between said free and pinned la}.fers; and a spacer2
layer disposed between said free and keeper layers, said free layer being disposed
between said spacerl and spacer2 layers; first and second longitudinal bias layers
separated from each other by said SV element, said first and second longitudinal bias
layers longitudinally biasing said free layer; first and second SV leads disposed over said
first -and second bias layers for applying sense current to said SV element, said'keeper
layer in combination with said sense current pinning the magnetization of said pihned
layer; and the magnetization direction of said pinned layer in the absence of the sense

current being parallel to the magnetization direction of said keeper layer in the absence

of said sense current.

Is selected froma group

N 3
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Ni FeCo. 10. A magnetic storage system conprising: a nmagnetic
medi um for recording data; a self-biased SV sensor including:
el enent, said SV elenment having: a free Igyer; a soft ferronm
| ayer; a keeper |ayer; a spacerl |ayer disposed between said
pi nned | ayers; and a spacer2 | ayer disposed between said free
layers, said free |ayer BRIBY DESCRIPTION OFIHEDRAWEIGS1 apd spacer?2
| ayers; first and second |ongitudinal bias |ayers separated f acir—otter
" by said SV el eFeni fulkaaindeistading ofl the hamifel askadadtagenaf the Présaht ivestidra 48l S
formng a contiguous junction with said SV elenment, said first and second
| ongi t udi nwellmsabe Iprgferred Imody ofidse; alefeyeriwe sshosldi bt frade tb dlye folloavidg fdetasled and
second SV | eads disposed over said first and second bias |ayers for
appl yi ng s@essepdeR repd inoceninretioy withnthst acopmpanyiag pdnawingserln; thec fotliwiagi on
with said gense current _pinni n% t he magneti zation of said pinned | ayer; and
rawings, like reference numerals designate like or similar parts throughout the

drawings.
Fig. 1 is a perspective \.riew, not to scale, of a prior art SV sensor using an
antiferromagnetic layer;
"Fig. 2 is a graph showing the relation between the pinning field and the
temperature for FeMn and Ni0; |
| Fig. 3is a simplified diagram of a magnetic disk storage system embodying the
present invention;
Fig. 4 is an air_bearing surface view, not to scale, of the self-biased SV sensor of -
the preferred embodiment of thé present invention;
Fig. 5 is a perspective view, not to scale, of the keeper, free and pinned layers and
their magnetization vector in the presence and the absence of the sense current of the

self-biased SV sensor of Fig. 4; and
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22 a recordi ng channel coupl ed said SV sensor for detecting.resistance -
changes in sai el'enent responsive to applied magnetic fiel dREPLACEP\?}ENT SHEET
representative “INHM“HBﬂgﬁmn sai d magnetic storage mcaid:‘ m e
magnetic storag to claipj 10, wherein sai e S
selected froma gtoup df faterial consi st?ng of N Fe, N FeCo I\aaﬁ [55%.?998

12. The magnetic storage system according to claim 10, wherei :
| ayer is selected froma group of nateCLAIMSONsi sting of N Fe] N FeCo and

Ni Fe/ Co. 13. The magnetic storage system according to clai m 18+—whierern —
sai d keepel: | afeselftiaszed|spirt ealvé ($VD sensoroepmpfisingt eri al consi sting of N Fe,

Ni FeNb and N FeCr _and N FeRh. 14. The magnetic storage systemas recited in
cl ai m 10 wher ethSYglemente paid SVaglemensingkidingt ed from a group of materi al
consi sting of CoFeNp, CoFeNbHf, and CoZrM. 15. The magnetic storage system
according to claint elW‘Fé?rei n said spacerl layer is selected froma group

of material consisti co ol.d and -silver. 16. The nmagnetic storage
system according t®® @?5 q@frpe&ﬁ@'l eﬂq%d spacer2 layer is

a keeper layer;
a spacerl layer disposed between said free and pinned layers; and
a spacer2 layer disposed between said free and keeper layers, said free layer
being disposed between Said spacerl and spacer2 layers;
first and second longitudinal bias layers separated from each other by said SV
element, each of said first and second longitudinal bias layers forming a contiguous
junction with said SV element, said first and second longitudinal bias layers
longitudinally bias said free layer; and
first and second SV leads disposed over said first and second bias layers for
applying sense current to said SV element, said keeper layer in combination with
said sense current pinning .the magnetization of said pinned layer.
2.  The self-biased SV sensor as recited in claim 1 wherein said free layer is selected
from a group of material consisting of NiFe, NiFeCo and NiFe/Co.
3. The self-biased SV sensor as recited in claim 1 wherein said pinned layer is-
selected from a group of material consisting of NiFe, NiFeCo and NiFe/Co.
4. The self-biased SV sensor as recited in claim 1 wherein said keeper layer is
selected from a group of material consisting of NiFeNb, NiFeCr, NiFeRh aﬁd NiFe.
5. The self-biased SV sensor as. recited in claim 1 wherein said keeper layer is
selectéd from a groﬁp of material consisting of CoFeNb, CoFeNbHT, and CoZrMo.
6. The self-biased SV sensor as recited in claim 1 wherein said spacerl layer is

selected from a group of material consisting of copper, gold and silver.



wherein first a ers are selected froma grou
magnetic material consisting of CoPtCr, 40Pt CrTa, and CoPtCrS
The magnetic storage system according to claim10, wherein fi

selected froma material consisting of Ta, O, W Re
A1203 and Si Qeiﬂiﬂu@uﬂ ﬂﬂ !mm;e/tlc st orage system accordi ngjt

D

bi as |l ayers are selected froma group of soft nagnetic nateri
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td claim10,

f f on&r§EP 1998
err]. 18,

st and second

consjisting

—

of N Fe amd NTiRCslf-Bidsed SYPiéhsi|aseretitdd s BEM 1 Whdtpin Sdid Gspadd2 Jdyer is
el ement, said SV elenent including: a free layer; a pinned |ayer having a

magnet i zatstleotedi fremta @nroupaok eegderial | copesisting of Jac €fr] WayRer, Nib,s Mg edll,0gt avekn

said free and pinned |ayers; and 23
SiO,.

8.  The self-biased SV sensor as recited in claim 1 wherein said first and second bias

layers are selected from a group of hard magnetic material consisting of CoPtCr,

CoPtCrTa, and CoPtCrSiO,.

9. The self-biased SV sensor as recited in claim 1 wherein said first and second bias

layers are selected from a group of soft magnetic material consisting of NiFe and

NiFeCo.
10. A magnetic storage system, comprising:
a magnetié storage medium for recording data;
a self-biased SV sensor including:
an SV element, said SV element having:
a free layer;
a soft ferromagnetic pinned layér;

a keeper layer;

a spacer] layer disposed between said free and pinned layers; and

a spacer2 layer disposed between said free and keeper layers, said free layer

being disposed between said spacerl and spacer2 layers;

first and second longitudinal bias layers separated from each other by said SV

element, each of said first and second longitudinal bias layers forming a

contiguous junction with said SV element, said first and second longitudinal

bias layers longitudinally bias said free layer; and

first and second SV' leads disposed over said first and second bias layers for

applying sense current to said SV element, said keeper layer in combination

with said sense current pinning the magnetization of said pinned layer; and
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a spacer?2 IayWsai d free and keeper |ayers,| BEPEAGEMINT SHEET |
M

| ayer being di sﬂm“ Hm
(4 L

d spacerl and spacer?2 | ayers; al rst and

second | ongi tud separated from each other by [sa)i d? 8V§EP 1098
el ement, said first and second | ongitudinal bias |layers |ongijtudinally

bi asing said free layer; first and secofd SV | eads di sposed qver said first
and second bias layers for applying sense current to said SV|elenent, said

keeper |ayer in cQMBicRadih® cithhél SAifled 8 SRIE WV QREiscR! fpl Bledtlify resistance
magneti zati on of said pinned |ayer; "and the magnetization direction of said

pi nned layer in tkpapessenceaiofl Svheclsppbae soneive hei applibdl feigietic f feldst he
magneti zation direction of said pinned |ayer in the absence of the sense
current. 20. A spirepresintative 9¢)datmcresonded aosqid mmignetic sioragd/metpment , sai d SV
el ement including: a free. layer; a pinned |ayer having a magnetization
directionlla WHdepwagnetigestotageisysicm aespnding Aatdlaim d0s sthereim said fpedayer isayer
di sposed between said free and pinned |ayers; and a spacer?2 |layer disposed
bet ween s&¢lected &omya graurpiomatesipbeansisipg of Nike Nikpee apd Nife/Co.
12. The magnetic storage system according to claim 10, wherein said pinned layer is
selected from a group of materiai consisting of NiFe, NiFeCo and NiFe/Co.
13. The magnetic storage system according to claim 10, wherein said keeper layer is -
selected from a group of material consisting of NiFe, NiFeNb and NiFeCr and NiFeRh.
14. The magnetic storage system as recited in claim 10 wherein said keeper layér is
selected from a group of materiallconsis_ting of CoFeNb, CoFeNbHf, and CoZrMo.
15. The magnetic storage system according to claim 10, wherein said spacerl layer is
selected from a group of material consisting of copper, gold and silver.
16. - The magnetic storage system according to claim 10, wherein said spacer2 layer is
selected from a group of material consisting of Ta, Cr, W, Re, Nbl Mo, Al,O3 and
Si0,.
17. The magnetic storage system according to claim 10, wherein first and second bias
layers are selected from a group of hard magnetic material consisting of CoPtCr,
CoPtCrTa, and CoP{CrSiO,. | |
18. The magnetic storage system according to claim 10, wherein first and second bias
layers are selected from a group of soft magnetic material consisﬁng of NiFe and
NiFeCo. |
19. A spin valve (SV) sensor, comprising:
an SV element, said SV element including:

a free layer;

a pinned layer having a magnetization direction;

a keeper layer;

a spacerl layer disposed between said free and pinned layers; and
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di sposed between m n‘\t“w ‘)spacerz | ayers; first and sqcond :
| ongi t udi nal bi as“‘mmlw from each other by said SViel eme%td, sai d
first and second | engict ulli nal i as | ayers |ongitudinally biasijng saitd$£Pet98

| ayer; first and second SV | eads disposedsover said first andjsecond bjias
| ayers for applying sense current to said SV el enent, said kedper |ayer in

conmbination with said sense current pinning the magneti zationlof said _
pinned layer; and &lspaceed) iyt disposed BHwes a0 ek afid ikdepr NMRAs, AL frek Naydhe
absence of the sense current being parallel to the magnetization direction
of said keeper | aybeing disphsedctisweeresaid spaaerl andrspecer? layery; .
first and second longitudinal bias layers separated from each other by said SV
element, said first and second longitudinal bias layers longitudinally biasing said
. free layer; | |
first and second SV leads disposed over said first and second bias layers for
applying sense current to said SV element, said keeper layer in combination with
said sense current pinning the magnetization of said pinned layer; and
the magnetization direction of said pinned layer in the presence of the sense current
being different from the magnetization direction of said pinned layer in the absence
of the sense current.
20. A spin valve (SV) sensor, comprising:
ain SV element, said SV element including:
a free layer;
a pinned layer having a magnetization direction;
a keeper layer having a magnetization direction;
a spacer] layer disposed between said free and pinned layers; and
a spacer2 layer disposed between said free and keeper layers, _said free layer being
disposed between said spacerl and spacer?2 layers;
first and second longitudinal bias layers separated from each other by said SV
element, said first and second longitudinal bias layers longitudinally biasing said
.. free layer;
first and second SV leads disposed over said first and second bias layers for
applying sense current to said SV element, said keeper layer in combination with
said sense current pinning the magnetization of said pinned layer; and
the magnetization direction of said pinned layer in the absence of the sense current
being parallel to the magnetization direction of said keeper layer in the absence of

said sense current.
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SELF-BIASED SPIN VALVE SENSOR

ABSTRACT

A self-biased spin valve (SV) magnetoresistive (MR) sensor is disclosed having a
free layer (448) separated from a pinned layer (452) by a spacerl layer (450) and further
having the free layer (448) separated from a keeper layer (444) By a spacer2 layer (446). .
The free layer (448) being disposed between the keeper layer (444) and the pinpéd layer
(452). The keeper layer (444) in combination with'fhe sense:cur:rent flowing in the
sensor is used as a means of pinning the magnétization of the piﬁn‘ed Iayer 452). By
using the soft keeper layer (444) in combmatlon with the sense current as a means of
pinning the pmned layer magnetlzatlon as opposed to the use of the conventional -
antiferromagnetic layer, the SV sensor dependency on the blocking temperature of the
antiferromagnetic layer is eliminated. ° | | . '
Fig. 4 ' o



