-1- INPRCMED ANTI. PARALLEL- PI NNED SPI N VALVE SENSOR BACKGROUND OFqgﬁﬁagéL'
—+NVENTION 1. Field of the Invention This invention relates’ genefﬁﬁ@ﬂfd&y@*
spin val ve magnetic transducers for readlng information signals froma
magneti ¢ medium and, in particular, to an’'inproved antiparal | et-pinned spin
val ve sensor, and to nmagnetic recordi ng systens which incorporate such
sensors. 2. Description of Related Art_jConputers often include auxiliary
menory storage devices having nedia on which data can be witten and from
whi ch data can be read for {ater use. A direct access storage device (disk
drive) incorporating rotating magnetic disks is comonly used for storing
data in magnetic formon the disk surfaces. Data is recorded on concentric,
radially spaced tracks on the disk surfaces. Magnetic heads including r ead
" sensors are then used to read data fromthe tracks on the disk surfaces. In

high* capaci ty di sk dujes, /RSt ALET S bYGahe 26 SRE0E Sensor

BACKGROUND -OF THE INVENTION

1. Field of the Invention
This 1nvent10n relates generally to sp1n valve magnetlc
transducers for reading 1nformat10n ‘signals from a magnetlc'
medium and, in partlcular, to an improved antlparallel;éinned

spin-valve senscor, and to magnetlc recording systems;whlch

incorporate such sensors.

2. Description of Related Art |

Computers often inciude auxiliary memory storage devices
having media on which'data can be written and from which data can
be read for latertuse; ,A.digeet access storage device (disk;
drive).incorporating rotating magnetic disks is commonly us€éd for
storing data in magnetic form on the disk surfaces. pata is
recorded on cencentric, radially spaced tracks on the disk
surfaces. Magnetie heads including read eensors are fhen used to
“read data from the tracks on the disk surfaces.

In high capacity disk drives, magﬁetoresistive read sensors,
commonly referred to as MR heads, are the prevailing read sensors

because of their capablllty to read data from a surface of a dlsk -



commonly referred to as MR heads, are the prevailing read sensors because
of their capability to read data froma surface of. a disk -2- at greater
|l inear densities than thin filminductive heads. An MR sensor detects a
magnetic field through the change in the resistance of its MR sensing |ayer
(also referred to as an "MR elenment”) as a function of the strength and
direction of thé magnetic flux being sensed by the MR | ayer. The
conventional MR sensor operates on the basis of the anisotropic :
magnet oresi stive (AMR) effect in which an MR el enment resistance varies as
the square of the cosine of the angle between the magnetization in the MR
el ement and the direction of sense current flow through the MR el enent.
Recor ded data e&ngtratesadineagnrgnablfst thamddionfbdc dfdective BSG4S-naf™

magneti c fiel d .fromth_e recorded nma ne,tic_ nedi qu@E‘% Si réal zefie!tg‘% causes
a change in t h¥RdFFRRY Sﬁt%??snﬁgﬂ%?‘?ezt&ﬁ S04, PR -E?e%brrﬁg, Whi ©
- resistance of its MR sgnsing layer (also referred to as an "MR
element”) as a function of the strength and directiop of the
maénetic flux being sensed by the MR layer. |

The conventional MR seﬁsor.operates on the bé#is of the
anisotropic magﬁetoresistive (AMR) effect in which an MR element
resistancg varies as the sqﬁare of the cosine of the“angle'
between the magnetization in the MR element and ‘the direction of
_seﬁse current flow through the MR element. Recorded data can be
read from a magnetic médiﬁm'because the external magnetic field
‘from the recorded magﬁetic medium (the Sigﬁal field) causes a._
change in the direction of magnetization in the MR element, which
in turn causeé'é change in résistande in the MR element.and a
corresponding change in thé:sensed curient or Voltage.‘

Another type of MR sernisor is the giant magnetoresistance

(GMR) sensor manifesting the GMR effect.. In GMR sensors, Fhes
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resistagce of the MR sensing léyer varies as a function of the
spin-dependent transmission of the conduction eléctrons'between
magnetic layers separated by é non-magnetic layer (?pacer) and
the acéompanying'spin—dependent scétteriné‘which takes place at
the interface of the-magnetic and non-magnetic layers and within

the magnetic layers.



in turn causes a change in resistance in the MR el ement and a correspondlng
change in the sensed current or vol tage. Another type of MR sensor is the
gi ant magnet or esi stance (GVR) sensor -manifesting the GWR effect. In GWR
sensors, the resistance of the MR sensing layer varies as a function of the
spi n-dependent transm ssion of the conduction el ectrons between magnetic

| ayers separated by a non-nmgnetic |aygr (spacer) and the acconpanying
spi n-dependent scattering which takes place at the interface of the
magneti ¢ and non-magnetic |ayers and within the magnetic |ayers. -3- GWR
sensors using only-two |layers of ferromagnetic material separated by a

| ayer of non-magnetic electrically conductive material are generally

referred to as spi eMrab¥esrSVisSROSAULY Roi fgeks NF EberomdgaétREmatbpian SV

sensor, one of the ferromagnetic |ayers, referred to as the pinned 1ayer,

has its separated by a layer of non-magnetic electrically conductive
material are generally referred to as spin valve (SV) sensors
manifesting the SV effect. 1In an SV sensor, one of the
ferromagnetic layers, referred to as the pinned layer, has its
nagnetization typically pinned by eanange conpling with an ,
antiferromagnetic (e.g., NiO-or Fe-Mn) layer. The magnetization
of the other ferromagnetic layer, referred to as tne free 1ayer,
however, is not fixed and is free to rotate in response'to the
field from the recorded magnetic medium (the Signal field) 'in' '
sV sensors, the sV effect varies as the cosine of the angle
between the magnetization of the pinned layer and the
magnetization of the free layer. Recorded data can be read from
a magnetic medium because_tne external magnetic field from the
recorded magnetic medium_(the signal field);causes a change in
the direction of magnetization in the free layer, whioh in turn
causes -a change in resistance of the SV sensor and a—— == - e
corresponding changé in the sensed current or voltage.

Fiq. 1 shows a prior art SV sensor 100 comprising end
regions 104 and 106 separated by a central region 102. A free
layer (free ferromagnetic layer) 110 is separated from a pinned
laYer (pinned ferromagnetic laYer) 120 by a non-magnetic,

electrically—-conducting spacer 115. The magnetization of the



magneti zation typically pinned by exchange coupling with an
antiferromagnetic (e.g., NN O or Fe-Mi) layer. The magnetization of the

ot her ferromagnetic layer, referred to as the free | ayer, however, is not
fixed and is free to rotate in response to the field fromthe recorded
magneti c nedium (the signal field). In SV sensors, the SV effect varies as
t he cosine of the angle between the nmagpetization of the pinned | ayer and
t he magneti zation of the free |ayer. ‘Recorded data can be read froma
magneti ¢ nmedi um because the external magnetic field-fromthe recorded
magnetic medium (the signal field) causes a change in the direction of
magnetization in the free layer, which in turn causes a change in

resi stance of PHESS\V/13BeK120aA8 fixesobyexp@miii ey romagiaticn (RRY Jemesed
current or vol ég:ge. Fig..1l shows a prior art SV sensor 100 conprising end
regi ons 104 an 06F§§ga]raa“fe§d159ﬂ FPREREr L5 r BAARAT 1pyer A2P and [theehFNf [ e

ferromagnetic layer).110 is.separated from a pinned |ayer (pinned . :
ferr_omagnet i C {L.%’z//eerr #2%2?)':30)?12 g%ﬂ'ﬁel‘?aéﬁ_efl?ec,ceﬁg’éagt FFEh?'?lﬂ'gﬁond{?(’ffii Mespacer

115 'The_nagneiéigyglngcgn&:ggs formed in the end regions 104 and 106,

respectively, provide longitﬁdiﬁal bias for the free layer 110.
Leads 140 aﬁd_145 formed over hard bias layers 130 and 135,
respectively, provide electricai connections for the flow of the
sensing current I, from.a current source 160 to the MR sensor
100. 'Sensing means 170 connected ﬁo leads 140 and 145 sense the
change in the resistance-due to changes induced in the free layer
110 by the external magnetic field (e.g., field generated by a
cata bit stored on a disk).

IBM's U.S. Petent No. 5,206,590 granted to Dieny et al.,
incorporated herein by reference, discloses an MR sensor

- operating on the basis of the SV effect.

Accther type of spin_valve eensor currectly under
developmept is an antiparallel (AP) —-pinned spin valve--senser. - e e
Fig. 2 shows an AP-Pinned SV sensor disclosed in copending
Application Serial No. 08/697,396 by Fontana ef al., filed Aug;
23, 1996, and assigned to the assignee of the present inﬁention.
In the AP-pinned SV sensor 200 of Fig.:2, the pinned. layer is e
laminated structure of two ferromagnetic.layers separated by a

non-magnetic coupling layer such that the magnetizationS'of the



-4- pinned layer 120 is fixed by an antiferromagnetic (AFM |ayer 121. Free
| ayer 110, spacer 115, pinned |ayer 120 and the AFM | ayer 121 ‘are all
formed in the central region 102. Hard bias |ayers 130 and 135 forned in
the end regions 104 and 106, respectively, provide |ongitudinal bias for
the free l.ayer 110. Leads 140 and 145 forned over hard bias layers 130 and
135, respectively, provide electrical ggpnections for the flow of the
sensing current I[err] froma current source 160 to the MR sensor 100.
Sensi ng nmeans 170 connected to | eads 140 and 145 sense the change in the
resi stance due to changes induced in the free layer 110 by the external
magnetic field (e:g.; field generated by a data bit stored on a disk).

IBM s U.S. Pattent fdorombgRO6i I8 ygrardmd stoonglanyowiled| togatheor por at ed
herein by reference,.- discloses an MR sensor operating on the basis of the
SV effect. Anenhbfennppageetigsilayvin \an safierraddet anieptafiger The

~exchange coupling between the antiferromagnetic (AFM) layer and
tﬁe laminated pinnéd’laye: of AP—pinned SV'sEnso:'of Fig.'2 is
substantially stronger.than’the exch;nge coupling between.the AFM
layer‘and the single pinned layer of the SV sensor 6f fig. 1.
This improved exchange coupling increases the stability of the
AP—pinneé‘SV sensbr'at high tempefatureé ﬁhichgallows the use of
corrosion resistant antiferromégnetic'maferials such.as Nio. for
the AFM layer.
Referripg again.to Fig. 2, a free 1ayer'210 is separated

from a laminatéd'AP;pinned layer 220 by a.nonmagﬁetic,
'elect;ically—conducting séacer layer 215. fhe magnetization ofl
the laminated AP—piﬁned laye; 220 is fixed by an AFM layer 230
which is made 6f NiO. The ;aminéted AP—pinned layer 220 includes
a first ferromagnetic layer 222 (PFl) and a second ferromagnétic
layer 226 (PF2) separated from each other 'by an antiparallel S
coupling (APC) layer 224 of nonmagnétic material. The two
ferromagnetic layers 222,-226.in the laminated AP-pinned layer'

220 are formed of Co and'thé APC layer 224 is formed of Ru. The
AFM layer 230 is formed on a seed }ayer 240 deposited on the
substrate 250. To coﬁplete_the_AP-pinned SV sensor, a capping

layer 205 is formed on the free layer 210.

i



devel opnent

an AP- Pi nned SV sensor disclosed in copendi ng Application Serial No.

08/ 697,396 by Fontana et al., filed Aug. 23, 1996, and assigned to the
assi gnee of the present invention. In the AP-pinned SV sensor 200 of Fig.
2, the pinned layer is a |'am nated structure of -two ferronagnetlc I ayers

separated by a non-magnetic coupling | gyer such that the magnetizations of
two ferromagnetic |ayers are strongly coupl ed together

t he

-5-

is an antiparallel ( AP) - pi nned spin val ve--sensor. Fig. 2 shoms

antiferromagnetically in an antiparallel orientation. The exchange coupllng

between the antiferromagnetic (AFM

layer and the |aminated pinnedl ayer of
~AP-pi-nned SV sensor of Fig. 2 is substantially stronger t han t he exchange

coupl i ng between the KdsMabeymragendft tiee ANPAgimngsl AVietkrdsayerf dfigt h2e, SMasensor
1. This inproved exchange coupling increases the stability of the
AP- pi nned SV seaidevs dthehugh ¢ Ni€r netermialwhide Hhgl ABhdavhe, Use the

of Fig.

improvement of the exchange coupling field strength between the

AFM layer 230 and AP-pinned layer 220. This exchange ceupling

- field is inversely proportional to the magnetic moment difference

(net magnetic moment) between the two Af—pinned ferromagnetic

Jlayers.

However, experlments by the present inventor on fabrication

"of AP-pinned SV sensors of Fig. 2 (1ayered structure of

'Nio/Co/Ru/Co/Cu/Ni-Fe/Ta) have shown that the net moment of the

laminated AP-pinned structure of Co/APC/Co is very difficult to
control and reproduce because of interfacial diffusion and _
oxidation that takes place at the interfaee between the NiO AFM
layer and the first ferromagnetic layer of Co. The interfecial
diffusion and oxidation that takes.élace at the aforementioned
interface causes a change in the moment of the first
ferromagnetic Co iayer even after the AP-pinned SV sensor of Fig..
é hias been completely built. The change in_the moment of the
first ferromagnetic layer causes the change in the net moment of
the Aprinned layer. These experiments have resulted in

variations by factors of 2 to 3 in the net moments of the AP-

. pinned layers for successive fabrication runs. Variations in net

moment of the AP-pinned structure results in large variations in

P



corrosion resistant antiferronagnetic materials such as NiO for the AFM
layer. Referring again to Fig. 2, a free. layer 210 is separated froma

| am nat ed AP-pinned | ayer 220 by a nonmagnetic, electrically-conducting
spacer layer 215.. The nmgnetization of the |am nated AP-pinned | ayer 220
is fixed by an AFM | ayer 230 which is made of Ni O The I am nated AP-pinhed
| ayer 220 ,i-ncludes a first ferromagneti< |ayer 222 (PFl) and a second
ferromagnetic | ayer 226 (PF2) separated from each other-by an antiparall el
coupling (APC) |ayer 224 of nonmagnetic material. The two ferromagnetic

| ayers 222, 226 in the |am nated AP-pinned layer 220 are fornmed of Co and
the APC | ayer 224 is fornmed of Ru. The AFM Il ayer 230 is forned on a seed

| ayer 240 dep@Snhesh Gieile wnilkht EdhProtiGes Tens @tRbELiyt BE AR BVNE&tEoTE .

sensor, a capping layer 205 is formed on the free |ayer 210. - 6-
Furthermore, experiments conducted have showp that Co deposited
on an NiO AFM layer has a very large coercivity, but low exchange
pinning to the NiO AFM layer.  The larée coercivity of the Co
layer makes it very difficult to reset the magﬁetization
direction of the pinned layer if such a reset becomes neécessary.
Such a reset may become necessary if the magnetization direction
‘of ﬁhe pinned layé;ubecohes disorientéd,.for example, in the disk
drive due to a large unexpected magnetic field.

Therefore, there is a nséd for an AP—pihned SV sensor where
Ehe Aprinned'layer has a well controlled and rsprddﬁcibie net

noment.

SUMMA3! OF THE INVENTIO&

It is an object of the present‘inventibn to disclose an
improvsd AP-Pinned SV sensor having a AP-pinned layer where.the
net moment and magnetic properties of the AP-pinned layer -is Qellu.ﬂ, .
sontrollsd.

It is another object of the present inventioén to disclose ah
AP-pinned SV sensor with the structure of substrate/seed
layer/pinned layer/spacsr/free layer where the pinned layer

comprises a first and a second ferromagnetic pinned layer and .

where the first ferromagnetic pinned layer further comprises



A key advant age of the AP- pi nned SV sensor of Fig..2, that allows the use"
of NNO material for the AFMlayer, is the |rrproverrent of the éxchange
coupling field strength between the AFM | ayer 230 and AP-pinned |ayer 220.
This exchange coupling field is inversely pr oportional to the nagnetic
monment difference (net magnetic nonent) “between the two AP- pi nned
ferromagnetic |ayers. However, experipgnts by the present inventor on
fabrication of AP-pinned SV sensors of Fig. 2 (layered structure of

.Ni O Co/ Ru/ Co/ Cu/ Ni - Fe/ Ta) have shown that the net nonment of the |aninated.
AP-pi nned structure of Co/APC/Co is very difficult to control and reproduce
because of interfacial diffusion and oxidation that takes place at the

i nterface betweEhrsthenti 8PN Fayeamagratinsubriaterfer r omagnetic | ayer of

Co. The interfacial _diffusion and qQxidation that takes place at, th
af or ement i oned 'i nt erPaRE-TAFLES 'éltghéﬂﬁepf’ﬁ‘ctlﬁ eﬁ’rﬁﬁeﬁ}fe g’tref?fét f"P?’g't‘tmn' |

been conpl et ol y b £ EfBeRRt o R il SRt “FI kN8 plaederda O i
llayer causes thg.GRRNOE 4 shibStPble /HBEBANidINL-Fe/Co/Ru/Co/Cu/Ni-Fe/Cap where
the AP-pinned layer éomprises a first and a secénd ferromagnetic
pinned layer separated f;og.each other'by.an gnti—parallel
coupling layer. The.firSt ferromagnetic pinned layer comprises é
flrst Ni-Fe sub—layer and a- .second Co sub—layer.; The first Ni-Fe
- sub-layer 1s deposited over and in contact with. the NloAAEM
layer. The addition of the Ni-Fe sub-layer 1solates_the Co layer
from the NiO:AFM layer which results in improving the pinniﬁg_
field and magnetic moment control of'tﬁe'lamiﬁéted AP-pinned
layer structure as well as réduéing\thelcoercivity of the first
piﬁned_layer.

The above as well as'additional objects, features, and
advanfégés of the present inventioﬁ will become apéarent in the
following detailed written description.

. 'BRIEF DESCRIPTION OF THE DRAWINGS
. For é_fuller underétanding of the_nature and advantagés of
the present'inventién,lés well as the preferred mode of use,
refereﬁce should be made fo the following detailed déscription
read in conjunction with the accompanylng drawings.

Fig. 1 is a sectional view of a prior art SV sensor;



the AP-pinned |ayer. These experinents have resulted in variations by
factors of 2 to 3 in- the net nonents of the AP- pinned | ayers for
successive fabrication runs. Variations in-net nonent of the AP-pinned
~structure results in large variations in -7- pinning fields which
conproni ses the stability of the SV sensors. .Furthernore, experinents
conduct ed have shown that Co deposi t ed on an Ni O AFM | ayer has. a very | arge
coercivity, but | ow exchange pinning to°the NiO AFM | ayer. The | arge
coercivity of the Co |ayer nmakes it very difficult to reset the

magneti zation direction of the pinned layer if such a reset becones
necessary. Such a reset nmay- become necessary if the magnetization direction

of the pinned | ayere}g1 oger_sdA QI ([gg}“;ﬁ,wegro@xgr’@%?mhgdtgp s@hg&f drive due

to a | arge unexpect magneti c i e hér ef or € 'S a need for an

AP-pi nned SV sensor pherg ihe, %leB!Lﬂf‘féh luR¥Rind 88 é‘ﬂﬂ%hétf@%@@ké% Qﬂgk

reproduci bl e net
"~ drive system:

Fig. 4 is an air bearing surféce view of the AP—pinned SV
sensor according to the present‘invention;
% . Fig. 5 is an air bearing surface.view of an alfernate
| embod%ment of the AP-pinned SV.seﬁsor of the'preseﬁt in&enfion;
Fig. 6 is an air beéring surface view of a sedoﬁd altérnaté

embodiment of the AP-pinned SV sensor of the bresént invention.

DETAILED DESCRIPTIdN OF THE PREFERRED EMBODIMENT
fhe following deséripﬁion ié the: best embodimént'presently

contemplated for carrying out the present invention. This
desériptién is made for the purposelof illustrating the general
principies of the pfeéent invention and is_not meant to limit the
inventive cancepts claimed herein.

. Referring how to Fig. 3, there is shown a disk drive 300 -
embodying the present invention. As shown in Fig. 3, at leaét
one rotatable magnetic disk 312 is supported on a spindle 314 and
rotated by a dlsk drive motor 318. The magnetic recgrding media
on each disk is in the fqrp of an annular pattern of.concentric.
data tracks (nqt shown) on'disk 312.

¢

At least one slider 313 is positioned on the disk 312, each



monment. SUMVARY OF THE INVENTION It i's™an object of the present invention
to di sclose an i nproved AP-Pinned SV sensor having a AP-pinned layer where
the net monent and magnetic properties of the AP-pinned |ayer is well
controlled. It is another object of-the present invention to disclose an
AP-pi nned .SV sensor with the structure of- substrate/seed | ayer/pinned

| ayer/spacer/free | ayer where the pinngg_l ayer conprises a first and a
second ferromagnetic pinned |layer and where the first ferromagneti c pinned -
| ayer further conprises first and second ferronmagnetic sub-layers. In
accordance with the principles of the present invention, there is disclosed
an AP-pinned SV sensor with the preferred structure of

Subst r at e/ Seegd{ MNie@ B3 FRipEor BMLOnSULN mdze/ Ea@ae\ﬁ/ﬂsrleeauharﬂ% hleBae BJ1ayer

conprises a first and a second ferronmagnetic
where the head 321 incorporates the MR sensor "of the present

invention. As the disks rotate, slider 313 is moved radially in
and out over disk surface 322 so that_heacs 321 may access
different portions of the disk where desired data is recorded.
Each slider 313 is attacheo to an'aCtuator arm 319 by means of a
suspension 315. The susoension 315 provides a slight spring |
force which biases slider_SiS;against the disk surface 322. -Bach
actuator arm 319 is attached to.an actuator means 327.r The
actuator means as shown in Fig. § may.be a voice coil motor
(VCM). The VCM COmprises a coil movable within a fixed magnetic
field, the direction and speed o; the coii movements being |
controlled by the motor'current'signals supplied by controller
329f |
During operation of the disk storage system, the rotation of

disr 312 generates.aﬁ air bearing between slider 313.(the'surface
of slider 313 which includes head 321 and faces the sufface of ° o
disk 312.is referred to as an air bearing surface (ABS))} and disk
surface 322 which exerts an upﬁardlforce or 1lift on.the slider.
;The'air bearing thus counter-balances the slight sprihg force of
suspension 315 and suﬁports slider 313 off and siightly above the
disk surface by a small, substantially constant spacing during

normal operation.



pi nned | ayer separated from each other by an anti-parallel coupling |ayer.
The first ferromagnetic pinned |ayer conprises.a first N -Fe sub-|ayer and
a second Co sub-layer. The first Ni.-Fe sub-layer is deposited over and in
contact with the NiO AFM | ayer. The addition of the N -Fe sub-Iayer

I solates the Co layer fromthe Ni O AFM | ayer ‘which results in inproving .the
pinning field and magnetic nonent contrgl of the |am nated AP-pinned |ayer
structure as well as reducing the coercivity of the first pinned |ayer. The
above as well as additional objects, features, and advantages of the
present invention wWll becone apparent in the following detailed witten
description. BRI EF DESCRI PTI ON OF THE DRAW NGS For a full er understandi ng
of the nature and advantages of the present invention, as well as the -
preferred node of use, reference shoul d be made to the foll owing detailed
description read Tme mpqustcpcmpwmenhswﬁa the ctispasidmagede¥steigdreFig. 1 is a

sectional view of a prior art SV sensor,;
.o ~controlled in operation by control signals generated by control

unit 329, such as access control signals and internal clock
.signals.-iTypically, control unit 329 comprises logic control
circuits; storage mears and a microbrocessor} Ihe control unit
329 generates control signals to control varlous system
operations: such as drlve motor control 51gnals on line 323 and
head p051tlon and seek control signals. on line 328. The control
signals on line 328 provide the desired current profiles to
oétimally move and position'slider'313 to the.desired data track
on disk 512, Read and write signals are communicated to-and from
read/write heads 321 by means of recording ehannel 325.

The aboveldescription of a typical magnetic disk storage
system,land the accompanying 1llustrat10n of Fig. 3 are for
representation purposes only. It should be apparent that dlsk
storage'systems"mayfcontain a large number of disks amd— - .;' e
actuators, and each actuator may support a number of'sliders..

Fig. 4 shows an air bearing surface (ABS) view of the AP-

.pinned SV sensor 400 according to the preferred embodiment of the
present invention. sv sensor 400 has end regions 404 and 406
separated from eaCh other by a central region 462.=-Substrate 450
can be any suitable substance, including glass, semiconductor

material, or a ceramic material, such as alumina (Al,0,). Seed -



-9- Fig. 2 is a sectiohal view of an AP-plnned SV sénsor; Fig. 3is a
S|an|f|ed drawi ng of a magnetic recording disk drive systen1 Fig. 4 is an
air bearing surface view of the AP-pinned SV sensor according to the
present invention; Fig. 5is an air bearing surface- view of an alternate
enbodi ment. of the AP-pinned SV sensor of the present invention; Fig. 6 is
an air bearing surface view of a second. alternate enbodi nent of the
AP- pi nned- SV sensor of the present invekH on. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT The fol | owi ng description is the best embodi ment
presently contenplated for carrying out the present invention. This
description is made for the purpose of illustrating the general principles
of the present layweeaddors ang Lay&widepbaited onl substratie 450Vest ithe pafjespt S
clalned hereln Referring nowto Fig. 3, there is shown a disk.drive 300
' of modifying the crystallographic texture or grain size of the
subsequent layers deposited on the seed layer 440. The seed
layer 440 may not be needed-depending on the type of substrate
used. If used, the seed layer 440 may be formed of tantalum-
(Ta), zirconium (Zr), nickel-iron (Ni-Fe), or Al,0,. In the
preferred embodiment, seed.layer 440 -is made of Ta. Subsequent
to the deposition of the seed layer 440, antiferromagnetic (AFM)
layer 430 of NiO material is formed over the seed laxer."The Nio_"
- AFM layer 430 is-foqmed over the seed layer 440 by ion beam
sputtering a Ni target in the presence of an oxygen—containihg
oo :
gas to the thickness at which the desired exchange properties are
achieved, typiéally 200-500A. A laminated AP-pinned layer 420 is
subsequently formed over the AFM layer 430. AP-pinned layer 420
compri?es first and second'pinned.ferrpmagnetic layers 425 and
426, respectively. The first pinned ferromagnecticulayer 425 is
a composite layer dbmprising first and'setond pinned T
ferrdmagnetic sub—layers 435 and 422, respectiVély In the
preferred embodlment, flrst sub -layer 435 is a thin layer of Ni-
_ Fe deposited on and in contact with the AFM layer 430 and the
second sub-layer 422 is a layer of Co deposited over first sub-

layer 435. The second'ferromagnetic layer 426, also formed of

Co, has equal or nearly equal magnetic moment to Co layer 422,



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
di sk drive notor 318.. The magnetic recordi ng nedia on each di-sk is in the
formof an annular pattern of concentric data tracks (not shown) on disk
312. At least one slider 313 is positioned on the disk 312, each sl i.der
313 supporting one or nore. magnetic readwite 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 an actuator arm 319 by neans of a
suspensi on 315. The suspension 315 provides.a slight spring force which

bi ases slider 313 against the disk surface 322. Eac gctu t‘&r6 arm 319 is
attached to oFit&tt 8ad ciecrBdnierromagnehic PAPRET JAYRELN agmghownaf?\ Fig. 3

n?y be a VOIC§2§%@EL§&“¥£%&.each other by an antiparallel_coupling (APC) layer

424 of ppnmagnetic material that allows pinned layers 425 and 426
. to be strpngly’coupled together antiferromagnetically. Pinned .
layers 425 an&'426'in the ;amiqated AP—pinned_layer structure 420
have their magnetization directions ori;nted antiparallel, as
indicated by Fhe tails of £he”arrows 421 and_423 and.ﬁhe head of
tﬁe arrow 427. The'antiparailél alignment of theimégnetizatiégs
of the ﬁinnea layers 425 and 426 is due to an_antiferromagnetic
exchange coupling throﬁgh_the anti-parallel dogpling layer 424.
'Because of.this antiferromagnetic coubling, and because the two
Co films 422 and 426 have suﬁstantially.the same thickness, the
_magnetic.momeﬁts of each of,the fi;ms nearly gancel eaéh other so
that the net ﬁagnetic moment in the laminated.AP—pinned layer 420
' strucfuée is.mainly due to-the magnetic moment of the Ni-Fe sub-
layef 435, typically in the range of 2 ‘to 30 A:in thickness. . .u.m;w,
The small net magnetic momenﬁ of the laminated AP—pinﬂed layer
420 results in an ampliﬁication of the exchange field above that
which would be present if only layer 422 were used a§ a single
" pinned iayer pinnéd'by AFM layer 430.
To compleﬁe the sV sengor 460, a metallic spacer layer 415
is formed.on the second pinned layer 426, a free layer 410 is

formed on the spacer layer 415, and a capping layer 405 is formedl



(VCM. The VCM conprises a coil novable within a fixed magnetic fietd, the
direction and speed of the coil novenments being controlled by the notor
current signals supplied by controller 329. During operation of the disk
storage system the rotation of disk 312 generates an air bearing between
slider 313 (the surface of slider 313 which includes head 321 and faces. the
surface of disk 312 is referred to as ap_air bearing surface (ABS)) and
di sk surface 322 which exerts an upward force or lift on the slider. The
air bearing thus counter-balances the slight spring force of suspensi on 315
~and suppprts_sllder 313 off and slightly above the disk surface by a small
~substantially constant spacing during nornal oper at i on. The vari ous
conponent s of dnheheli Sleeslayagaioyst bmthecabrmceods ad rPPIGSEr At¢lsh Be
control signals generated by control unit 329, such ‘as access contr ol
signal s and i rireenkdyey &R has its magnetization axis oriented in the
_diréqtion shown by arrow 412, i.e., generally perpendicular to
the magnetization axes 421, 423, 427 of the pinned layers 43§,
422, 426.
Referring again to Fig. 4, SV sensor 400 further includes
hard bias'layers 470 and 475, formed in end regions 404 and.405,
.respectively, for longitudinally biasing the free 1ayér 410.
Electrical leads 460, 465 are also formed over hard bias layers
470 and 475, respectively to form a circuit path between the SV
sensor 400 and a current source 490 and a sensing means 480. 1In
the preferred embodiment, a magnetic signal in the medium is '
sensed by.the'sensing means 480 detecting the change in
reéistance, deltaR, as the magnetization of the free layer 410.
rotates in response to the applied magnetic signal from the
recorded medium.
The_AP—pinned'SV sensor 400 was fabricated in the following SRR
" manner. The NiO AFM layer 430 of approximately 425 A thick was
deposited on the aluminum oxide substrate layer 450 by ion beam
" sputtering from a Ni target in the presence of oxygeh. No seed
layer was used on the aluminum oxide substrate. Next, the

laminated AP-pinned layer 420 spacer 415, free layer 410 and cap

layer 405 were deposited by ion beam sputtering'while the sample



'si gnal s. Typical ly, control unit 329 conprises logic control circuits,
storage neans and a nlcroprocessor The control unit 329 generates control
signals to control various systemoperations such as drive notor contro
signals on line 323 and head position and seek control signals-on |ine 328.
The control 'signals on line 328 provide the desired current profiles to
optinmally nove and position slider 313450 the desired data track on disk
312. Read and wite signals are communicated to and fromread/ wite heads
321 by nmeans of recording channel -325. The above description of a typical
magneti ¢ di sk storage system and the acconpanying illustration-of Fig.-3
are for representation purposes only. It should be apparent that disk

storage syst emiaBByn GANLBpTH e It3a8SverEakgMdtidi sKa1ad Ashitaborse. amd-each
actuator may support a nunber of sliders. Fig. 4 shows an air bearing

surface (ABS) \Heehayér 485 W& apithheknedé senamutdD0 Accobalndayert4@2 had
preferred -enbodi mrent of the present jnvention. SV sensor 400 has end
regi ons 404 ana& #D&ckwpar af etboutoft oAcspacherlaypradddehadad thigknessiOF.
Substrate 450 can be any suitabl e substance, including glass, se conductor
about 5 A, cobalt layer 426 had a thlckness of about 24 ‘
séacér 415 had a thlckngss of about,22 A, free layer 410 had a
;hickneés'of about 72 A:and:the Ta cap lajer 405 had a thickness
of about 50 A._
After ail the layeré_qf SV seﬁsor 400 have been deposited,
the AFM layer 430 will likely not be in a';ingle
'antiferromagpetic domain.sﬁate;aand_as a result the
Ni-Fe/Co/Ru/Co lamin;ted Af-pinned iayer 420 may not be in a
single ferrémagnetic domain state, resulting in redﬁced |
magnetoresistance amplitude. 'Theiefore, aftér all the layers of -
the SV sensor 400 havé been-debosited, the SV sensor 400 was
heateg to above the NiO antiferroﬁagnetié blocking temperature
{abouﬁ 180 deg C) in a field of 15 kOe. This large field is
sufficient to rotate thelmagneﬁizatibn of the ferromaghetic - I
layers in the AP-pinned layer 420 against the effect of the anti-
parallel coupling layer 424, so that the magnetizations of both
pinned ferromagnetic layers 425 and 426 are\parailel to the
applied magnetic field, and both pinﬁed ferromagnetic layers are

in a single domain state. ‘The sample was then cooled with the

applied field still present, so that the single domain state of



material, or a ceramic material, such as alumina (Al[err](err]). Seed -
-12- layer 440 is any |ayer deposited on substrate 450 for the purpose of
nodi fying the crystall ographic texture or grain size of the subsequent
| ayers deposited on the seed |ayer 440. The seed | ayer 440 may not be
needed depending on the type of substrate used. |f used, the seed |ayer 440
may be formed of tantalum (Ta), zirconium (Zr), nickel-iron (N -Fe), or
Al[err](err]. In the preferred embodi TRéfAt, seed | ayer 440 is made of Ta.
Subsequent to the deposition of the seed Iayer 440, antiferromagnetic (AFM
| ayer 430 of NNO material is forned over the seed |layer. The Ni O AFM | ayer
430 is formed over the seed | ayer 440 by ion beamsputtering a NI target in
the presence whe Ri0AKYygeyes Giiralih gk Gas Lsminaeed irckness abyshiab he
desired exchange properties are achieved, typically 200-500A. A | am nated
AP- pi nned | ayeuint&lhads smbtsssqm:enliryg ftor mech mempetdtmrAFiid applietBEield
AP-pi nned | ayer 420

is removed, and the magnetization of the second plnned

ferromagnetlc layer 426 rotates to be antiparallel to that of the

first p1nned ferromagnetlc layer 425 due to the influence of the

anti—parallel coupling layer a24. This aligns the direction of

the exchange anisotropy and places the laminated AP—pinned layer

420 in an essentially 51ngle domain state, yielding the largest

magnetore51stance.

Referring again to Flg. 4, if the thlckness of the two
ferromagnetic Co layers 422 and 426 are 1dent1cal, then in theory
" the net moment of the laminated AP—plnned layer 420 would be the

moment of the thin Ni-Fe layer 435. Without Ni-Fe layer 435, net

moment control would depend on precise control of the Co layers

thicknesses and on the stahility of the Co layer at the NiO/Co

interface which is. extremely difficult to control. Introduction

of Ni-Fe layer 435 between the NiO AFM layer 430 and the“first Co

layer 422 dramatically'improves'control of the magnetic moment of

the first Co layer 422. With this improved structure, moment

control of the two Co films. 422, 426 is reduced essentially to

. thickness control of the Ni-Fe deposited layer. With equal
thicknesses of Co layers 422{ 426, the net moment of the

laminated.AP-pinned layer 420 is equal to the moment of Ni-Fe

T



conprises first and second pinned ferromagnetic | ayers 425 and 426,
respectively. The first pinned ferroragnectic |layer 425 is a conposite

| ayer conprising first and second pinned ferronmagnetic sub-layers 435 and
422, respectively. In the preferred enbodinment, first sub-layer 435 is a
t-hi n | ayer of Ni- Fe deposited on and in contact with the AFM | ayer 430 and
the second sub-layer 422 is a | ayer of_16€p deposited over first sub- |ayer
435. The second ferromagnetic |ayer 426, also forned of Co, has equal or
nearly equal nmagnetic nonent to Co | ayer 422. -13- First and second .
ferromagnetic pinned layers 425 and 426 are separated from each other by an
antiparallel coupling (APC) |ayer 424 of normagnetic material that allows

pinned | ayers 1425ra48b 428 tWiDRisSke NGy E98IRIRArdDACERLET1, well-
antiferromagnetically. Pinned | ayers 425 and 426 in the | am nated AP-pinned
| ayer struct urconé.?&llawaet hedrtentaghbdh Zakioes (imaecﬁheomgﬁuleatiadu of the
antiparallel, as
laminated AP-pinned layer 420 is stable in the presence of
magnetic fields so that the direotion of magnetization is
predictable. |
While the best embodiment of this inventionfdeecribed herein
has used equal'thicknesses'of the two Co layers 422, 426 it will
be obvious to those skilled in the art that other comblnations of
the thicknesses of Co layer 422 and Ni-Fe layer 435 can result-in
" the same small net- moment for the laminated AP—pinned layer i
structure. If Co layer 422 is made_thinner, then Ni-Fe layer 435
must be increased in thicknessfto achieve the desired net moment,
and if Co layer 422 is made thicker a correspondingly thinner Nif
Fe layer 435 is required. |
.The AP-pinned SV sensors fabriceted according to the best
embodiment of this invention have significantly improved
oharacteristios.and batch-to-batch reproducibility. The pinning e
field H, (magnetic field at which'the pinned laYer begins_to
rotate) is approximately 1100 Oe ensuring no rotation of the AP~
_pinned.layer under SV sensor.operating conditions. The
ferromagnetic coupling field between the pinned and free layers

is only about 4 Oe indicative of high sensitivity of the free

layer to rotate in'response'to external signal fields. The



indicated by the tails of the arrows 421 and 423 and the head of the arrow
427.. The anti'parallel alignment of the magnetizations of the pi nned | ayers
425 and 426 is due to an antiferronagnetic exchange coupling through t he -
anti-parallel coupling layer 424. Because of this antiferronmagnetic
coupling, and because the two Co filns 422 and 426 have substantially the
sane thickness, the magnetic.nonments qQhgeach of the films nearly cancel
each other. so that the net nagnetic nonent in the |am nated AP-pinned | ayer
420 structure is mainly due to the magnetic nonent of the N -Fe sub- |ayer
435, typically in the range of 2.to 30 A in thickness. The small net
magneti ¢ nonent of the | am nated AP-pinned |ayer 420 results in an
anplification efaghbeomssibange ddegifdciadoy ddehieaR/Rhi th ahout 138 présdwt i f
only layer 422 were used as a single pinned |ayer pinned by AFM.| ayer 430.
To conpl et e t hdagyhsemdwtchovrriatienal vardatper &f PERRSTEA9% 9% SV oFHARPSGn t he
second pinned | ayer 426, a free |layer,6 410 is f0|ilmed on the-dsggcgr | ayer

415, and a cap@tRGePIferingBe | PHSPRAEICD run to t '

ose processe
different run) was less than +/—4 percent for more than 20
.batches.

P . o Fig. 5 shows an ABS view of an alternate embodiment of an_
AP-pinned SV sensor 500 having end regions 504 and 506 separated
from each othef by.a'central region 502. sV seﬁsor 500 is
similar to SV sensor 400f5ut wherein'the free layer 510 is a
multi-layer étructure. In tﬁe éreferred embodiment, the SV
seﬁsor 500 has a structure écco;ding to the following:
.Substrate/séed/NiO/N%—Fe/Co/Ru/Co/Cu/Co/Ni—Fe/Cap. A seed layer
540, if uséd, is deposited on é substrate 550. The NiO AFM ldyer
530 is.depdsited on seed layer 540 by ion beam sputtering a Ni
target in the presehce of an oxygen. The laﬁinated AP—pinned'
iayer 520 is formed on the AFM layef 530. The first
'feffomggnetic pinned layer 525 is a composite laye;ucomprising a

~ thin Ni—Fe_layef 535 deposited on and in contact ﬁith the AFM
layer 530 and a Co layer 522 deposited on the Ni-Fe layer 535.
The second ferromagnetic pinned layer 526, also fqrmed of Co, has
a magnetic momént which is équal or ﬁearly equal to the maénetic
moment of the Co layer 522. The two Co layers 522, 526 are |

separéted by'ah anti—paréllel coupling layer 524 of nonmagnetic



-14- on the free layer 410. 1In the absence of an applied field, the free

| ayer 410 has its magnetization axis oriented in the direction shomn by
arrow 412, i.e., generally perpendicular to the magneti zati on. axes 421,

423, 427 of the pi nned | ayers 435, 422, 426. Referring again to Fig. 4, SV
sensor 400 further includes hard bias |ayers 470 and 475, formed in end
regi ons 404 and 405, respectively, for i@ngitudinally bi asing the free

| ayer 410. Electrical 1eads 460, 465 are also forned over hard bias |ayers
470 and 475, respectively to forma circuit path between the SV sensor 400
and a current source 490 and a sensing neans 480. |In the preferred

enbodi nent, a magnetic signal in the nediumis sensed by the sensing neans
480 detecting the change in resistance, deltaR as the magnetization of the
free layer 410 rotatés in response to the applied magnetic signal fromthe
recorded nmedingterine thatphhhews Shesphnerd 409842823 And é&ﬁé’@ g sheongly

-follow n :
g coupled together antlferromagnetlcally. .A metallic spacer layer

515 is formed on the second ferromaghetic pinned layer 526. In
this embodiment, the free layer 510 is a multilayer structure
| .-comprisihg a thin Co 1aye.r 514 and a Ni-Fe layer 513. Co '1ayer -
514 is formed on and in contact w:.th the spacer 1ayer 515 and N:|.—
Fe layer 513 is formed on and in contact with. the Co layer 514.
To complete the SV sensor 500, a capping: laye_r 505 ;.s._'.formed on
‘the Ni-Fe layer §13. In the absence of an applied fi‘eld,' the |
free layer 510 has its magnetization axis or.-iented J.n the
dlrectlon shown by arrow 512, i.e., generally perpendlcular to
the magnetization axes 521, 523, 527 of the p:.nned J.ayers 535,
| 522, 526.
. Re‘ferpin.g again to Flg 5__, sv sensor'. 500 further ihciudes
| hard bias layers.570 and 575, formed in the ehd regions 504 and
506, respectively, for longitudinally biasihg the free-layer 510. .
Electrical leads 560 and.565 are also formed over haro bias
layers 570 and 575, respectively, to form a circuit path between
.the SV sensor 500 and a current source 590 and a ‘Isehs“ing Neans
" 580. | | |
In this embodiment, the Co free layer 5'1_4 has a thiekness of
about,lé f\.-and the Ni-Fe free layef: 513 has a thickhess of about

29 A thick. The magnetoresistive coefficient deltaR/R for this .



manner. The Ni O AFM | ayer 430 of approxi mately 425 A thick was deposited on

the al um num oxi de substrate |ayer 450 by ion beam sputtering froma N

target ‘in

oxi de substrate. Next, the [am nated AP-pinned |ayer 420, spacer 415,

the presence of oxygen.- No seed | ayer was used on the al um num

free

| ayer 410 and cap Iayer 405 were deposited by ion beam sputtering while the
was in an applied transyersefgagnetlc field of about 20 Ce. Ni -

sanpl e

Fe | ayer 435 had a thickness of about
of about 24 A, spacer |layer 424 had a thickness of- about 5 A

t hi ckness

A, Cobalt layer 422 had a

cobalt layer 426 had a thickness of about 24 A, spacer 415 had a thickness

of about 22 A,

free layer 410 had a thickness of about 72 A and the Ta cap

"l ayer 405 had a thickness of about 50 A. After all the layers of SV sensor
400 have been I r 430 w | i kely nqgt. be in a single
ant | ferrorralgtr’\e%%?lgo e I\%n-'?f%%s aé'rceélﬁ?ﬁweﬁent of Ge1caR/R oV _

that obtained w1th the preferred embodiment shown in Fig. 4 is
due to the better interface properties between the composite free
layer 514 and tﬁe spacer 515. However, tte use of a composite
free layer adds to- the complexity of the fabrieation-precess for
this SV sensor.

Fig; 6 shows an air bearing surface view of a second
alternative embodiﬁent of an AP-pinned SV seﬁsor 600 similar to

that of Fig. 4 but wherein the free layer 610 is on the bottom

" (near substrate 650) of the SV sensor and the AP-pinned layer

-

ézd, having first and second pinned layers 625 and 626, is formed
on the top of the spacer 615. After deposition of free layer
610, spacer layer 615_isldeposited followed-by Co layer 626, Ru
APC layer 624; Co layer 622, and Ni-fe layer 635. The AFM layer
630 is then deposited on Nl Fe layer 635 followed by dep051t1ng
the cap layer 605. The AFM layer 630 is preferably made of _NiO
material although it may also be mads of other'anitiferromagnetic
material such as NiMN. Hard bias lavers 670 aad 675
longitudinally bias the free.layer 610. Electrlcal leads 660,

665 formed on the harcd bias layers 670 and 675, respectlvely,
are provided to form a circuit path tetween the SV sensor 6b0, a
current source 699, an; a sensing nreans 680.

While the present invention has been particularly shown and



Ni - Fe/ Co/ Ru/ Co | am nated AP-pinned | ayer 420 may. not be in a single
ferromagnetic domain state, resulting in reduced nmagnetoresi st ance
anplitude. Therefore, after all the layers of the SV sensor 400 have been
-deposited, the SV sensor 400 was heated to above the N O antiferromagnetic
bl ocking tenperature (about 180 deg C) in a field of 15 kCe. This large
field is sufficient to rotate the magnejj_zation of the ferromagnetic Iayers
in the AP-pinned | ayer 420 against the effect of the anti- parallel
coupling layer 424, so that the magnet i zati ons of both pinned ferronagnet i c
layers 425 and 426 are parallel to the applied magnetic field;, and both

pi nned ferromagnetic layers are in a single domain state. The sanple was
then cool ed widdscrhiBedpfthedefd@indestd | theppesitred Sébohaheddrs st ngiig gamain
state of the NN N -Fe/ Co portion of the | am nated AP-pinned | ayer 420
was mai nt ai nedundafrsbeod byl thgse ckidded tignpbe aintr ehithvazpphs ethahged dn S
renoved, and the magnetization of the second pinned

form and detail may be made w1thout departing from the Splrlt,
scope, and teaching of the invention. Accordlngly,.the dlsclosed'

invention is to be considered merely as illustrative and limited

in scope ohly as specified in the appended claims.



ferromagnetlc Iayer 426 rotates to be antlparallel to that of the first
pi nnemr 425 due to the influence of the anti-parallel

coupl i 424. This aligns the direction of the exchange ani sotropy
and "p|m Qﬂﬂ Hm':” d AP-pinned layer 420 in an essentially single
domai ﬂ’ft he | argest nagnetoresi stance. Referring again to
Fig. 4, if the th| tkrless of the two f eryxamaghetic Co | ayers 422 and 426 are
identical, then in theory the net noient of the |am nated AP-pinned | ayer
420 woul d be the nmonent of the thin Ni-Fe |ayer 435. Wthout Ni-Fe |ayer
435, net nonent .control woul d depend on precise control of the Co | ayers
t hi cknesses and on the stability of the Co layer at the NO Co interface
which is extrenely difficult to control. CkABEHducti on of N -Fe | ayer 435
between the Ni O AFM | ayer 430 and the first Co |ayer 422 dramatically

i nproves control of the magnetic nonent of the first Co layer 422. Wth

this inproved struc\w{ll cge ontrol of the two Co filns.422, 426 is
reduced essential |y "t8-thi ﬁé’é‘g cdtitrol of the Ni-Fe deposited |ayer.

Wth equal thi Cknes%.esAoépJSOveNgrréag%%%bred'ﬁgtlge'eseﬂ@&r,m%%ﬁgrl J.ngt°he

a free ferromagnetlc layer;
an antlparallel (AP)fpinned layer including:
an antlferromagnetlcally coupling layer; .
first and second ferromagnetlc layers separated from
- each other by sard antlferromagnetlcally coupllng.layer,'
said first ferromagnetic layer further comprieing first and
second ferromagnetie sub-layers;
antiferromagnetic (AFM) iayer in contact with said first
ferromagnetic sub—layer for pinning the magnetfzations of said
first ferromagnetic layer; end

‘a spacer layer disposed between said free ferromagnetic

layer and said AP—binned layer.

2. The spin valve magnetoresistive sensor as in claim 1

wherein said second ferromagnetic layer is made.of cobalt.

3. The spin valve magnetoresistive sensor as in claim 2
wherein said first sub-layer is made of Ni-Fe and said second sub

layer is made of Co.



| am nat ed. AP- pi nned | ayer 420 is equal to the nonent of Ni-Fe -17- | ayer
435. A thin N -Fe Tayer 435 ensures a small, well- controlled net nonent

whi ch en netization of the | am nated AP-pinned | ayer 420
g T
t

of nagnetlc fields so that the direction of
gnetizattort 13 peedscC

ile the best enbodi ment of this invention
descrlbed herein has used equal thickne&ﬁes of the two .Co | ayers 422, 426,

it will be obvious to those skilled in the art that other conbinations of
t he thicknesses of Co-layer 422 and Ni-Fe |ayer 435 can result in the same
small net noment for the | am nated AP-pinned | ayer structure. |If Co |ayer

422 is made thinner, then Ni-Fe |ayer, 435 nust be increased in thickness
to achieve the desired net nonment, and if Co |ayer 422 is nade t hi cker a

correspondi ngly thinner N|- Fe Iayer 435 is required.
‘ 4. he spin valve magnetoresistive sensor as in claim 3

wherein the Ni-Fe composition of said first -sub~layer is

approximately 81% Ni and 19% Fe.

5. The spih valve magnetoresistive sensor as in claim 4
. wherein the Ni-Fe thickness of said first ferromagnetic sub-layer

is in the range of approximately 2-30 Angétromé.

6. The spin valve magnetoresistive sensor as in claim 1
wherein the thickness of first ferromagnetic layer is larger_than

the thickness of the second ferromagnetic layer.

7. The spin valve magnetoresistive sensor as in claim 1
wherein the thickness of first ferromagnetic layer is smaller

than the thickness of the second ferromagnetic layer.



The AP-Wabrl cated according to the best enbodi rrent of
this i n ave significantly i nproved characteristics and

batcht B@ ﬂl’i’i bility. The pinning field Herr] -(magnetic field
at which*t r begins to.rotate) is approximtely 1100 Ce
ensuring no rot ati ofl of the AP- pinned |ayer under SV sensor operating
conditions. The ferromagnetic couplingasfield between the pinned-and free
| ayers is only about 4 Ce indicative of high sensitivity of the free | ayer
to rotate in response to external signal fields. The magnet or esi stive
coefficient (deltaR'R) is about 4.3% and the batch-to-batch variation _
(variation of properties of SV sensors processed in one fabrication run to
t hose processed in & di Pleketnivieunysveiy IcemBrisiand®+/ -4 percent for nore

t han 20 bat ches. g 5 shows an ABS view of an alternate enbodi nent of an
AP-pi nned SV sensor SHIRRET Rferdire fHi5%é 504 and 506 separat ed

a spin valve magnetores;stlve sensor for sensing
magneﬁically recorded datélon the éisk, the spin valve sensor
comprising: | |

é | : a free ferromagnetic layer;
. an.antipafal}el pinned layer including:
an antife;romhgnetically coupling'layer;
first and second.ferroiagﬁetic layers
antlferromagnetlcally coupled to one another by sald '
antlferromagnetlcally coupling layer, said first
f ferromagnetic film further comprisimg first and seéond
'sﬁb—laye#s;
an antiferromagnetic (AEM{ layer for pinning the
magnetizations of said first and second ferromagnetic sub-
1ayers, said first-sub- 1ayer belng in direct contact w1th
said AFM layer:; and
) a spageg layer disposed between said free ferromagnetic
layer and said AP—pinned layer: |

an actuator fof moving said spin valve sensor across the
magnetic fecordihg disk so the spin valve sensof may adcés;
-different regions §f magnetically ;ecorded data on the magnetic

recdrding disk; and



fromeach other by a central region 502. SV sensor 500 is simlar to SV
sensor 40 free layer 510 is a nulti-layer structure. In

t he preferred e he SV sensor 500 has a_ structure according to

t he foIIov“‘m @3«1@?{ ed/NrO’Nr-Fe/Co/Ru/Co/Cu/Co/Nl-Fe/Cap A seed
l"ayer 540 ) ,.. eposited on a substrate 550. The Ni O AFM | ayer 530
IS dep05|ted on seed | ayer 540 by .ion 4msam sputtering a N -target in the
presence of an oxygen. The |anm nated AP-pinned |ayer 520 is fornmed on the
AFM | ayer 530. The first ferronmagnetic pinned |ayer 525 is a conposite

| ayer conprising a thin Ni-Fe |ayer 535 deposited on and in contact with
the AFM | ayer 530 and a Co | ayer 522 deposited on the N -Fe |ayer 535. The
second ferronmagnet heans rhedttiapdly5o@upladste fihenerinivales IrasoR ﬁ‘h@netl c
nonent which is equal or nearly equal to the magnetic nonent of the

layer 522. ThEetRELERY ICA9RILS 5P readytance Sbihitat B AWy AP Shy- 5%‘?8&'1’1°8| -

coupling layer S%hecﬁa&y%@gggg¥ﬂﬂ axis of the free ferromagnetic layer

relative to the fixed magnetizations of the antiparallel coupled
first and second ferromagnetic 1ayers in the laminated
antlparallel pinned 1ayer in response to magnetlc fields from the

magnetlcally recorded data.

9. The disk drive system of claim 8 wherein said second

ferromagnetic 1ayer'ie made of cobalt.

10. The disk drive system of claim 8 wherein said first sub

layer is made of Ni-Fe and said second sub layer is made of Co.

11. The disk drive system of claim 10 wherein the Ni-Fe
composition of said first sub-layer is approximately 81% Ni and

19% Fe.
12. The disk drive system of claim 10 wherein the Ni-Fe
thickness of said first sub-layer is in the range of

approximately 2-30 Angstoms.

13. The spin valve magnetoresistive sensor as in claim 8



-19- material that allows the pinned |ayers 525 and 526 to be strongly
coupl ed together antiferromagnetically. A netallic spacer |layer 515 is

formed o omagneti c pinned |layer 526. In this enbodi nent, |
t he free”l mllgmﬂ' Eﬂ ltilayer structure conprising a thin Co | ayer 514
and .a N - Fe tayer 138, ~« | ayer 514 is fornmed on and in contact with the

spacer layer 515 and Ni-. Fe layer 513_3¢ forned on-and in contact with the
- CO layer 514. To conplete the SV sensor- 500, a capping |layer 505 is forned
on the Ni-Fe layer 513. In the absence of an applied field, the free |ayer

510 has its nagnetization axis oriented i-n the direction shown by arrow
512, i.e., generally perpendicular to the magnetization axes 521, 523, 527
of the pinned F28%&E g@%,th."rgéfle%‘z&f RéFey fengorrgarhie dappy. 1S lasyes disor
500 further inglLu S Pard biias. | ayers 570 and 575, forned in-the end

regi ons 504 and S0BICFAESSOFi VAT ooPB fRrgredRftiSI $3Y%5-asi ng t he
free-layer 510. Electrical |eads 560 and 565 are al so fornmed over hard bias
| ayers 570 and 575, respectively, to forma circuit path between



thé SV sensor 500 and a current source 590 and a sensi ng nmeans 580. In this

enbodi megummm"m yer 514 has a thickness of about 16 A and the

Ni -Fe fr Jﬂum'lg thi ckness of about 29 A thick. The
magnet or esi st’i vé cbeffictent deltaR/ R:for this -20- enbodi nent has a
value of 7.5% The inprovenent of deltaR/ R over that obtained wth the
preferred enbodi nent shown in Fig. 4 i®7due to the better, interface
properties between the conposite free |ayer 514 and the spacer 515.

However, the use of a conposite free layer adds to the conplexity of the
fabrication process for this SV sensor. Fig. 6 shows an air bearing surface
view of -a second alternative enbodi mrent of an AP-pi nned SV sensor 600
simlar to that of Fig. 4 but wherein the free layer 610 is on the bottom

near raje. f the SY sensor_ an P-pi nned | ayer
(near subst ag Qs‘??leospgnevg ve msa%neatodréshlest@.veplser?sdora s'in claim 8

wherein the thickness of first ferJ;omagnetic' layer- is smallef

than the thickness of the second ferromagnetic layer.



620, having first and second pinned | ayers 625 and 626, is forned on the
top of the spacer 615. After deposition of free layer 610, spacer |ayer 615
i s deposited followed by Co | ayer 626, Ru APC | ayer 624, Co |ayer 622, and
Ni - Fe | ayer 635. The AFM | ayer 630 is then deposited on Ni-Fe |ayer 635

fol  owed by :depositing the cap |ayer 6054 The AFM | ayer 630 is preferably
made of N O material although it may a so be made -of ot her
anitiferromagnetic material such as NNMN. Hard bias |ayers 670 and 675 -

| ongi tudi nal ly bi 65, fornmed
on the hard bias m&%&t@@@%{m eh“l‘ﬁr‘g'g‘z%@‘ﬁg%?ﬁo forma
circuit path between the SV sensor 600, a current source 690, and:a sensing
means 680. Wiile the present invention has been particularly shown and

-21- described with reference to the preferred enbodinments, it will be
under st ABSERAGDse skilled in the art that various changes in

An AP-aned SV sensor (400) with the preferred structure of NiO/Ni-
Fe/Co/Ru/Co/Cu/N i-Fe/Cap where the pinned layer comprises first and second ferromagnetlc
pinned layers (425,426) separated from each other by an anti-parallel coupling layer (424).
The first ferromagnetic pinned layer (425) further comprises a first pinned sub-layer of Ni-Fe
and a second pinned sub-layer of Co where the first pinned sub-layer (435) of Ni-Fe is formed
over and in d1rect contact with the NiO antiferromagnetic (AFM) layer (430) Addition of the
first pinned sub-layer (435) of Ni-Fe isolates the second pinned sub-layer (422) of Co from the
NiO AFM layer (430) resulting in dramatic improvement in the pinning field and magnetic
nunmunconuolofﬂmlmmmmuaiﬁulpunwdlawn(#m»

Fig 4




formand detail may be made without departlng fromthe spirit, scope, and
-t.eaching of the invention. Accordlngly ‘the disclosed invention is to be
considered nmerely as illustrative and linmted in scope only as specified in
t he appended cl ai ns. -22- CLAIMS What is clainmed is: 1. A spin valve
magnet oresi stive sensor, conprising: a free ferromagnetic |ayer; an
antiparallel (AP)- plnned | ayer includimty: an antiferromagnetically coupling
| ayer; first and second ferromagnetic |ayers separated from each ot her by
said antiferromagnetically coupling layer, said first ferromagnetic |ayer
further conprising first and second ferromagnetic sub-I|ayers;
~antiferromagnetic (AFM layer in contact with said first
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ferfomagnetic sub-layer for pinning the magnetizations of said first
ferromagnetic |ayer; and a spacer |ayer disposed between said free

ferromagnetic | ayer and sai d AP-pinned |ayer. 2. The spin val ve

. magnetoresi stive sensor as in claim1l wherein said second ferromagnetic
| ayer is nmade of cobalt. 3. The spin val ve magnetoresistive sensor as in
claim2 wherein said first sub-layer pgenade of Ni-Fe and said second sub
| ayer is made of Co. -23- 4. The spin val ve magnet oresi stive sensor as
in claim3 wherein the Ni-Fe conposition of said first sub-layer is
approximately 81% NI and 19% Fe. 5. The spin val ve nagnetoresistive-

sensor as in claim4 wherein the Ni-Fe thickness of said first
ferromagnetic sub-layer is in the range of approximtely 2-30 Angstrons.
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6. The spi n val ve magnetoresistive sensor as in claim 1 wherein the
thi ckness of first ferromagnetic layer is larger than the thickness of the

second ferronmagnetic layer. 7. - The spin val ve nmagnetoresi stive sensor as
in claiml wherein the thickness of first-ferromagnetic layer is snaller
than the thickness of the second ferromagnetic:-|l ayer. -24- 8. A disk

drive system conprising:: a nmagnetic 3mcording disk; a spin valve
magnet or esi stive sensor for sensing magnetically recorded data on the disk
the spin valve sensor conprising: a free ferromagnetic |ayer; an :
antiparallel pinned | ayer including: an antlferronagnetlcally coupling

| ayer; first and second ferromagnetic |ayers
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antiferromagnetically coupled to one another by said antiferromagnetically
coupling layer, said first ferromagnetic filmfurther conprising first and
second sub-layers; an antiferromagnetic (AFM |ayer for pinning the
magneti zati ons of said first and second ferromagnetic sub- |ayers, said
first-sub-layer-being in direct contact with said AFM | ayer; and a spacer

| ayer di.sposed between said free ferrapégnetic |ayer and said AP-pinned

| ayer; an actuator for moving said spin valve sensor across the magnetic
recording disk so the spin val ve sensor nay access different regions of
magnetically recorded data on the magnetic recording disk; and means
electrically coupled to the spin val ve sensor for detectlng changes I n
resistance of the sensor caused by rotation

SENSING MEANS

7.
480
CURRENT SOURCE
' ’ 0 |\ IS
W e
T D S 1T
| | e i T4 s
FREE ML
_SPACER ~427 :v415
| ) AN O N s
420 . ~{2PPIPIIIIIIIIIIIIIPIP 727 24— b4
254 \\\\\\\\\\%&x\\\\\\\\\\» 2
| . /ﬁ/////@(/////////// 4—435 |
HB o w M
| e 1430
KA SeED . lwg T
SUBSTRATE o | 1_ 50

FIG. 4 10y



of the magnetization axis of the free ferromagnetic l-ayer relative to the
fi.xed magneti zations of the antiparallel coupled first and second
ferromagnetic layers in the lam nated antiparallel pinned |ayer-in response
to magnetic fields fromthe nmagnetically recorded data. 9. The disk drive
system of claim8 wherein said second ferromagnetic |ayer is made of

cobalt. 10. The disk drive systemof &f@im8 wherein said first sub | ayer
is made of Ni-Fe and said second sub'layer is made of Co. 11. The disk
~drive systen1of claim 10 wherein the Ni-Fe conposition of said first

sub-1 ayer is approximately 81% N and 19% Fe. 12. The di sk drive system of
claim 10 .wherein the N -Fe thickness of said first sub- | ayer is in the
range of . approxi mately 2-30 Angstons. 13. The spin val ve magnetoresistive

sensor as in claims$8 -
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-26- wherein the thickness of first ferromagnetic |ayer is | arger than the
t hi ckness of the second ferromagnetic |ayer. -27- 14. The spin valve
nagnetore5|st|ve sensor-as in claim8 wherein the thickness of first
ferromagnetic layer is smaller than the thickness of the second
ferromagnetic l-ayer.
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