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MAGNETI C TUNNE’M@WW ENSORS BACKGROUND OF THE | NVENTI ON 1. Fi IS)ng
The Invention on relates generally to magnetic tunnel junction
rnagnet oresi stive &®¥eoers for reading information signals froma. magnetic
medi um and, in particular, to magnetic tunnel junction sensors with | ow
nmonment, high coercivity pinned | ayers,7 and to magnetic storage systens that

i ncor por at eELGW HIOMENTYHISE ZOERESCITYIRINNEDf LREERIEOR MAGNEFTPUTYNNEDS t en

i nclude auxiliary nenory storage devices having nedia on which data can be
written and from which data canJjgmcrees $xMsorst er use. A direct access
storage device (disk drive) incorporating rotating magnetic disks is
commonly used for storing data in nagnetic formon the disk surfaces. Data
is recorded on concentric, radially spaced tracks on the di sk surfaces.
Magneti ¢ heads including r gadkseosos oRmert heueusesi t o read data fromthe
tracks on the disk surface In high capacity disk drives, magnetoresistive
(MR) read sensors, comonly referred to as MR sensors, are the prevailing

- 2 SEP 2002 2 read sensors because of their capability to read data from

a surface of a diisk Abrokgat ehvikietdks and |inear densities than thin film
i nductive heads. An MR sensor detects a magnetic field through the change

in the resistence iQfventtd oNRréeRsk HTydmieN 1(ak s ndd{&riieduhfedsafct Mn
el enent”) as a function of the strength and direction of the magnetic fl ux

Bei ng sem&gﬁie@ar_édl%twel a¥8Eeord heo £ ONVRNhigORaK o MR 51RJ1S @i gpRekakesmoa. t he
basis of the anisotropic magnetoresistive (AMR) effect in which an MR

el ement re§hEt ANGR MM 8$d2SihheasE@AIEQf tbhRagost Ne wihnkhejangt eohet ween
t he magnetization in the MR elenent and the direction of sense current

flowi ng tbhough 4ihen NRweherent, Regoraed dataycginhed negdrkr ogha gagnetic
medi um because the external magnetic field fromthe recorded nagnetic

medi um (kBgnst ghadt JdaRled)s y6BUEE St 1Ra € NANER poRtat Bes Wil ednisesQf magneti zation
in the MR elenment, which in turn causes a change in resistance in the MR

el ement and a correspondi ng change in the sensed current or voltage.

2. Description of Related Art

Computers often include auxiliary memory storage devices
having media on which data can be written and from which data can
be read for later use. A direct access storage device (disk
drive) incorporating rotating magnetic disks is 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 (MR) read

sensors, commonly referred to as MR sensors, are the prevailing

AR

#166166*



Anot her type of MR sensor is the giant nmagnetoresistance (GVR) se
“mani festing the GWR effect. In GWR sensors, the resistance of tHE@iE;EF’ZUOZ
sensing layer varies as a function of the spin-dependent transnission of

t he conduction el ectrons between magnetic | ayers separated by a

non- magneti c | ayer (spacer) and the acconpanyi ng spi n-dependent scattering
whi ch takes place at .. ' - 2SEPZ2902 1| 3 the interface of the

magnet i ¢ A BRAsBRENEEdEad Y 7S taRd rWechphBi 1 e, rRgRebiCdh 8y effon GVR
sensors using only two | ayers of ferromagnetic nmaterial (e. g., N -Fe)

separ at esufadel 8YCE @fsPQ RLirC tFBERI Al iBreal deROPPEEI tH= General ly
referred to as spin valve (SV) sensors nmanifesting the SV effect. Fig 1

shows a prigr i86hcSWSensRs 10 COMPELa5PE @Mtk dt0ia0RagAOdi @and chRH
separated by a central region 102. A first ferromagnetic |layer, referred to

as a pi nnegtdu@netnd 2onhahias id sHpgRlszahtoNot YIRICHR ¥ehbXegl (Rjdined) by
exchange coupling with an antiferromagnetic (AFM |ayer 125. The

magnet i zagd1Qfy ot r8rs€60Rd JLTIPMREIR bfchBY fras rLfRhkedohcopscife free |ayer
110, is not fixed and is free to rotate in response to the nmagnetic field

from the gi9cQidadaRBIREE S MBIIIIMHNRaghapet F18l Bhindhschsae dyayare 110 is
separated fromthe pinned | ayer 120 by a non magnetic, electrically

conduct i ngr spaeer |ayer 115. Hard bias layers 130 and 135 formed in the end
regions 104 and 106, respectively, provide |longitudinal bias for the free

layer 110. Leagls l4Qvendiddto el nRds0R BaEHafi ] 3¥er ad38 @ndhk3S,

anisotropic magnetoresistive (AMR) effect in which an MR element
resistance varies as the square of the cosine of the angle
between the magnetization in the MR element and the direction of
sense current flowing through the MR element. Recorded data can
be read from a magnetic medium because the external magnetic
field from the ;ecorded magnetic medium (the signal field) causes
a change in the direction of magnetization in the MR element,
which in turn causes a change in resistance in the MR element and
a corresponding change in the sensed current or voltage.

Another type of MR sensor 1s the giant magnetoresistance
(GMR) sensor manifesting the GMR effect. In GMR sensors, the
resistance of the MR sensing layer varies as a function of the
spin~dependent transmission of the conduction electrons between
magnetic layers separated by a non-magnetic layer (spacer) and

the accompanying spin-dependent scattering which takes place at



respectively, provide electrical connections for sensing the regizt gje ﬁb
+ the'SV sensor 100. IBMs U S. Patent No. 5,7 06,590 granted to D SE t2 2
‘al ., incorporated herein by reference, discloses a GVR sensor operating on
the basis of the SV effect. w 2 SEP2002 . ~.. 4 Another type of
magneti c device currently under devel opment is a magnetic tunnel junction
(MrJ) device. The MIJ device has potential applications as a nenory cell
and as a magnhetic field sensor. The MIJ ¥evice conprises two ferromagnetic
| ayer s sepheat®ipnfince ofii hheehagietialand inedamaghagict Layrls Bnd iwdithilayer .
The tunnel barrier layer is sufficiently thin that quantum nechani cal
t unnel i ngth¢ magnefd cdeyesss occurs between the ferromagnetic |ayers. The
tunneling process is electron spin dependent, which neans that the
tunnel i ng cur r@fR ssoysess vRéng vty divadldpyieds off fhcreprgnederemiderial
el ectronic properties of the ferromagnetic materials and is a function of
the rel at {9ed or i NiTtER)| Geperaté@ I ghelaye imefe hES -magnehi® avd tentiiadn
directions, of the two ferromagnetic layers. In the MIJ sensor, one
f erromagnéei €- | asenpdrds aresgangnatly rafieammedf itreds apipi vk & t he ot her
ferromagnetic layer has its magnetic noment free to rotate in response to
an ext er naknpagharand feisglidaf toen $heeffe@dr-di ng nedi um (the signal field).
When an electric potential is applied between the two ferromagnetic |ayers,
the sensor resFsdahcdows a pgherart ¢V tSeesognALPi agneni serd et ooy iine
insulating | ayer between the ferromagnetic |ayers. Since the tunneling
current that dhowsdpergpemdited| ayl|y ¢éntowgh relsdonumf@l barfiest | ayer depends
on the relative nmagnetization directions of | 2 S E P 2002 5 the two
f err omagnéercohayertsic reyerdede fateed arr e readnhpdmliayenghd i dareditism
because the signal field causes a change of direction of magnetization of
the free hayepetiwdtiicdn ityplicanlgafitesd a(civaregle by egshsthaaceowsl e WMEh
sensor and a correspondi ng change in the sensed current or voltage. IBMs
U S. Pat ent hotife G5 tdranhed) t bayeat [1&Fher Tet mbgnetzatipor aifech in its
entirety herein by reference, discloses an MIJ sensor operating on the
basi s of theonagfietiandqneiek Lapet) ore@fdfrect toFiag. a2fshewsagepriiay, ard MIJ
sensor 200 conprising a first electrode 204, a second el ectrode 202, and a
tunnel banpkeriRdd.ankhea d ifree ebecdrade 204 ecpopiseses ahpi magtklaydield
(pinned ferromagnetic |layer) 220, an antiferromagnetic (AFM |ayer 230, and
a seed | aferm24be AdwomBghebignat iommediume thiensednbayEie2@D. | sTHa xfacke
t hrough exchange coupling with the AFM | ayer 230. The second el ectrode 202
conpri ses laykretll ayersqfaresefiefromagnetn inneay drye2102andy aa cagnt ayer 205.
The free layer 210 is separated fromthe pinned | ayer 220 by a
non- mgnetmagneelecteladitialigubatdagt innregladear Aeger| a¥br 24&rd |idde
absence of an external nagnetic field, the free layer 210 has its
magnet i zatliegrrer L20t&dd 1188 Herdedetthi tme shraivregycasr 3042324 106t i s,
general |y perpendicular to the magneti zation direction of the pinned | ayer
respectively, provide longitudinal bias for the free layer 110.

Leads 140 and 145 formed on hard bias layers 130 and 135,
respectively, provide electrical connections for sensing the
resistance of the SV sensor 100. IBM’s U.S. Patent No. 5,206,580
graﬁted to Dieny et al., incorporated herein by reference,

discloses a GMR sensor operating on the basis of the SV effect.



220 shown by arrow 222 (tail of the arrow that is pointing i nto..g §§5’5%02
202:6 the plane of the paper). '"Afirst |lead 260 and a second | ea

fornmed in contact with first electrode 204 and second el ectrode 202,
respectively, provide electrical connections for the flow of sensing
current IS froma current source 270 to the MIJ sensor 200. A signal
detector 280, typically including a recording channel such as a
parti al -response maxi mum|i kel i hood (PRWL) channel, connected to the first
and second | eads 260 and 265 senses the change in resistance due to changes
i nduced in the free layer 210 by the external magnetic field. The

magnet i zat i onAdptker i typeofoft magpehheddeviee QIrrent M JuRees stevipdprienti xed
(pinned) by the use of an antiferromagnetic (AFM |ayer exchange coupled to
t he pi nné¢ kapegneThe tdverit dgacsfionsi(MBllarfiesrivel-ay8he tMI§ idevise pirned

| ayer magnetization is that magnetostatic interaction of the pinned | ayer
W t h t hepoteatiayeappbicatuldns @subt PAPOFYY Gl fandeapay eragratainifiigld
magnetically soft. The di sadvantage of using an exchange coupl ed AFM | ayer
is that tlkasexchafiye Mbluplevigeheonnsiseeriviatfewenaghatigelaydusw bl ocki ng
tenperature of the AFM material. The bl ocking tenperatures of AFM material s
havi ng desPeabtedhpygha corimosiedectedicsl avicenpriaéngi esuapel dFrie200C. Wth
such | ow bl ocki ng tenperatures, these AfM materials have pinning fields

wi t h magdiatvedes Thestummal Da0XriGr deveperatsufficdepsidt ks thatt he range of
| 20C of many MR sensors. These | ow pinning fields i - 2 SEP2027

resul t i usosnmt-hechahicihbiunngliot MR csknsds Sagpéeaci agears dedwsead
tenperatures. Thermal stability can be greatly inproved by using high

coer ci vi thhe( Hardpmaageietd clawens.-i allsef benagielns pregerayes . eMatirosuskpin
materials, high pinning fields are maintained up to nearly the Curie

t enper at wePeniesh . cahide mrowt thedCthpoeneeling gRIEBRE cRGTRSA rfdtcer i al

pi nned | ayers couple magnetostatically to the free layer resulting in a
magnet i calUnFtigndeerende Imyidre FRLINGEPeUdREd SEFSITORVFt Hrore Ehitesr 9l

magnetic fields. Therefore there is a need for an MIJ sensor that uses a
hi gh the ferromagnetic materials and is a function of the relative

orientation of the magnetic moments, or magnetization directions,
of the two ferromagnetic layers. In the MTJ sensor, one
ferromagnetic layer has its magnetic moment fixed, or pinned, and
the other ferromagnetic layer has its magnetic moment free to
rotate in response to an external magnetic field from the
recording medium (the signal field). When an electric potential
is applied between the two ferromagnetic layers, the sensor
resistance is a function of the tunneling current across the
insulating layer between the ferromagnetic layers. Since the
tunneling current that flows perpendicularly through the tunnel

barrier layer depends on the relative magnetization directions of



coercivity pinned layer to inprove thermal stability w thout degr-a@lids R 9802
sengitivity of the sensor by nmagnetostatic interaction of the pinne ayer
and the free layer. SUMVARY OF THE INVENTION It is an object of the present
invention to disclose an inproved magnetoresi stive tunnel junction (MJ)
sensor using a high coercivity magnetic material to fix the magnetization
direction of an antiparallel (AP) pinned MIJ sensor. It is another object
of the present invention to disclose a® MIJ sensor structure having high

t her mal dihgbitivot fednemagnalsie dRvarki gheecorded datp gagnkei eeamhtfciomalz to fix
t he magneti zation direction of the pinned |ayer. "2 SEP 2D02 8 It is a
further oBjgeetiocfmedbumpriemmuse thensionat of i lskblceyeeqana MilTarE ¥ structure
havi ng reduced nmagnetostatic coupling of the high coercivity pinning | ayer
and the fdigectaperof Imagnedrzddios Wit hhe heres ildviegl ewhdeh t e fprdsent
invention, there is disclosed an MIJ sensor having a | am nated anti parall el
(AP) pi nreecisleay er chanpe | & mpsd stiense  p&r terdfivetsSeaspgyerd mde of a materi al
havi ng a saturation nagnetization greater than the nagnetization of

per mal | oycqrxiesnpn8009 echenad ,ina tdecsntsedr ewntRNteoirc vhPayege madd@Mfs a hi gh
coercivity ferromagnetic material (high coercivity is here defined as a
coer ci vi tU. Sgr €atentt Ran 35860958 amdnsand ahe i grilrlaigher esupling (APC) | ayer

di sposed between the first and second ferronagnetic |ayers. A ferronagnetic
free | ayemasoppresiedgiani i stantfiasityghetreses Rybrdfgrencanddisekessnal agub- | ayer
of soft ferromagnetic material having a near zero magnetostriction

coef fi ci efitJ issnsepappeedt fnomnt Hdef bpstisfef romgreanieticayernef tupetion
AP-pi nned | ayer by a tunnel barrier layer fornmed of an insulating materi al
adj acent affedte first sub-layer of the free layer. The APC | ayer separating
the first and second ferromagnetic |ayers of the AP-pinned | ayer pronotes
strong anti parfildl-eR ebaps i ngeriesulantnyTi nseheefredffetcioparidhndfa tfhiesti gh
coercivity second ferronmagnetic |ayer fixing the nagnetization of the first
f er r omagreltdatdoglpe ROdn anseedriparlgidtaloddi #@2t i a tunnel barrier 215.

The first electrode 204 comprises a pinned layer (pinned
ferromagnetic layer) 220, an antiferromagnetic (AFM) layer 230,
and a seed layer 240. The magnetization of the pinned layer 220
is fixed through exchange coupling with the AFM layer 230. The
second electrode 202 comprises a free layer (free ferromagnetic
layer) 210 and a cap layer 205. The free layer 210 is separated
from the pinned layer 220 by a non-magnetic, electrically
insulating tunnel barrier layer 215. 1In the absence of an
external magnetic field, the free layer 210 has its magnetization
oriented in the direction shown by arrow 212, that is, generally
perpendicular to the magnetization direction of the pinned layer

220 shown by arrow 222 (tail of the arrow that is pointing into



2 SEP 200z 9 In the preferred enbodi nent of the present inventi 0'n,2 tSEP 2002
magnet ostatic interaction of the AP-pinned |layer and the free layer is

i ni m zed by providing an AP-pinned | ayer structure having a near zero net
magneti c nonent. The thickness of the layers form ng the AP-pinned |ayer
are chosen so that the nmagnetic nonents of the first and second
ferromagnetic |ayers are nearly equal in nagnitude. Since the nagnetization
of the first and second ferromagnetic Iﬁa{ers have an anti parall el

ori ent at i Rkane oft ke APareByer Ddiiisén leAdnt e et sperBAt 1eAd 14RS

APpi nned | ayer is nearly zero. By mnimzing the magnetostatic interaction
of the Afexsigthdd lcapspchi vhth hféi#&fe@lleézyépd?nmﬁi%’qgéﬁﬁéﬂg ehectrede | ayer
magneti zation can freely rotate in response to the applied field resulting
in the MUOR;serespechavehy, hpgbvidmsitdarinigal Thenmdsgionsagonekhe alewidift i onal
obj ects, features, and advantages of the present invention will becone
appar ent semsire dualdeani g feivaial edruent t soudes @&70ptoohhe BRI ERCDESER! PTI ON
OF THE DRAW NGS For a fuller understanding of the nature and advant ages of
the preszm. i Mvesilginan, dasevedbtr 260, hyypicefleyr e hotieng .a weeprded@r ence
shoul d be nade to the follow ng detail ed description read in conjunction

Wi t h t heclrggapamsnnasdeaph fgsal frddpnseanax 2min-H X2Q02040 (PRML PW Ng

drawi ngs, |like reference nunerals designate like or simlar parts

t hr oughoghaiel drcdmin@gsedFt§. tHe | i Mt @and beashddl sids 266 whavwgsHmot to
scale, of a prior art SV sensor; Fig. 2 is an air bearing surface view, not
to scal egeffed tHd Phadlgk MROPELL Stdnbnelue) UBCEh Oy EENSQucERYin3ths a
sinplified drawing of a magnetic recording disk drive system and Fig. 4 is
an air beasé nphywdi fAae by ene BREetaSeRlgRetot anekmpodi ment of an MIJ
sensor according to the present invention. DETAILED DESCRI PTI ON OF THE
PREFERRED ENEﬁxﬂr%ﬂgBetization direction of the pinned layer of an MTJ

sensor may be fixed (pinned) by the use of an antiferromagnetic
(AFM) layer exchange coupled to the pinned layer. The advantage
of using an AFM layer to fix the pinned layer magnetization is
that magnetostatic interaction of the pinned layer with the free
layer is small resulting in the free layer remaining magnetically
soft. The disadvantage of using an exchange coupled AFM layer is
that the exchange coupling becomes zero at the relatively low
blocking temperature of the AFM material. The blocking
temperatures of AFM materials having desirable high corrosion
resistance properties are about 200°C. With such low blocking
temperatures, these AFM materials have pinning fields with
magnitudes less than 200 Oe at operating temperatures in the

range of 120°C of many MR sensors. These low pinning fields



The..foll owm ng description is the best enbodi nent presently cou_tznsE? %dZ)r
carrying out the present invention. This description is made fo

‘purpose of illustrating the general principles of the present invention and
is not nmeant to limt the inventive concepts clained herein. Referring now
to Fig. 3, there is showm a disk drive 300 enbodying the present invention.
As shown in Fig. 3, at |east one rotatable magnetic disk 312 is supported
on a spi-adl,¢t 314 mrtﬂ% hed BYaBidisf gF e Jo0ks338eratihgmagneti c
recordi ng nmedi a on eac Isk is in the formof an annular pattern of
concent pheydatad {EASKS 1Rl shown) on the disk 312. " 2 SEP2002 11 At

| east one slider 313 Is positioned on the disk 312, each slider 313

Supporti ng_ oo By M4 EKTAANS! e’ B804KEALR, hapdovaalnphesmd g dhead 321

i ncorporates the MIJ sensor "of the present” invention. As the di'sks rotate,
the slidebrdldity MRYEH mddindlti¥ kB8R Qe QY ehel P@nﬁiéékl_a%}é&f.acﬁi%gz SO

that the heads 321 may access different portions of the disk where desired

dat a iSsﬁ%ﬁoﬁgﬁgrig?gpé?%hpiﬁnﬁlﬁgi§iéié@Qﬂ§Qn%9n@ﬁiﬁ€&qﬁ§Q&>%%@E@%Q by

means of a suspension e suSpension 315 provides a slight spring

force whinghchiasesehhe sl denitd adal Bstaddif FodkcSUri @i ed?2niBach

actuator arm 319 Is attached to an actuator 327. The actuator as shown in

Fig. 3 m_&%vi‘ﬁg%%ef%ﬂ ﬂgﬁn% LYOM-s dEGH NOM6RERbE 8881 & 18Q) kompwabl e
gn 1 eld, h I

within a fixed etic the direction and speed of the coi

nmovement ei 0 h Mrdeigrabs URM i By a
controlf%FQ3%gge%U?%%gi%%gﬁg¥ﬁ%nﬁggg%ﬁgc%#gi sfﬁ%ﬁéeésisten1 F%Slggfation

of the dicsi3L2s0R0SE M LS, an, Ayt PRANI RSt meen hbg sl ider 313 (the
surface of the slider 313 which includes the head 321 and faces the surface

of the disk 342, bs-ref @idRd {10 £9c8R abF HeartNGeubl-ackad ABIY 2nd ghhe
di sk surface 322 which exerts an upward
coercivity pinned layer to improve thermal stability without

degrading the sensitivity of the sensor by magnetostatic

interaction of the pinned layer and the free layer.

SUMMARY OF THE INVENTION

It is an object of the present invention to disclose an
improved magnetoresistive tunnel junction (MTJ) sensor using a
high coercivity magnetic material to fix the magnetization
direction of an antiparallel (AP) pinned MTJ sensor.

It is another object of the present invention to disclose an
MTJ sensor structure having high thermal stability due to use of
a high coercivity magnetic material to fix the magnetization

direction of the pinned layer.



force or lift on the slider. The air bearing thus counter bal an e
slirght spring force of the suspension 315 and supports the sliagfiiﬁg>aﬂﬂz
*and slightly above the di sk surface - 2 SEP2002 ,2 by a smal |,
substantially constant spacing during normal operation. The various
conponents of the disk storage systemare controlled in operation by
control signals generated by the control unit 329, such as access control
signals and internal clock signals.:%y ﬁ%all¥, t he control unit 3&9
conprises | ogtt tort MOIrtBeFcAPILCt R lﬂﬁiePEﬁ PRL Y SRR bBr ALREEYT® The
control unit 329 generates control,K signals to control various stem
oper at i oRE VB SRR SFEUREEEF RORTDITErGRAl BAGH 19358 3530 aNRT AP T
position and seek contrql signals on line 328. The caqontrol signals on line
328 provitB8 PREDN RRSGET1EYr PERRLET o¥3YSds 3P B¢ RS ya¥6ve and position the
slider 313 to_the desired data track on the disk 312. Read and wijte
signals are cBﬂn&ﬁﬁQﬁﬂﬁ&?etHléﬂdt??cﬁﬁ%qﬁ%pﬁééd?gw?Q%aHﬁ§§8§t3iﬂvﬁ9th%%ns of

t he recordi ng channel 325. The above description of a typical magnetic disk
st or age §9§F§n}sdﬁﬂ“ﬂﬁ@eécéﬁnﬁﬁﬁy??ﬁf?qIhﬁ§PB8t?o%FTﬁ“ﬁﬁeG.agtéP%r?%ﬁel
representation_puaﬁoses only. It should be %ggarent t hat _di sk storage
systems &Y’ cBheBEh L@vYesr GEMREADENI Gt [ditSks TERECRRINHST $2YGRI™RAT O T
actuator may support a nunber of s|iders. Fi.g. 4 shows an ajr bearing
Surface PABRFSULGh GVl RTISSBRREIOMGRREEHAF hY (4 THE Tpf BREr F At

enbodi ment of the present invention. The %%J sensor 400 congrises a first
el ect r og@agpgtization of permalloy (about 8 emu/cc), a secon

ferromagnetic layer made of a high coercivity ferromagnetic
material (high coercivity is here defined as a coercivity greater
than 150 Oe), and an antiparallel coupling (APC) layer disposed
between the first and second ferromagnetic layers. A
ferromagnetic free layer comprising an interfacing first sub-
layer and a second sub-layer of soft ferromagnetic material
having a near zero magnetostriction coefficient is separated from
the first ferromagnetic layer of the AP-pinned layer by a tunnel
barrier layer formed of an insulating material adjacent to the
first sub-layer of the free layer. The APC layer separating the
first and second ferromagnetic layers of the AP-pinned layer
promotes strong antiparallel coupling resulting in the
magnetization of the high coercivity second ferromagnetic layer
fixing the magnetization of the first ferroragnetic layer in an

antiparallel direction.



- 2 SEP 2nn~ 13 second el ectrode 402 and a tunnel barrier Iaxggéigi)gﬂnzh
di sposed between the first electrode 404 and the second el ectr 0 e
‘first electrode 404 conprises a | am nated AP-pinned |ayer 420 and a seed
| ayer 440, where the | am nated AP-pinned | ayer 420 is di sposed between the
seed | ayer 440 and the tunnel barrier layer 415. The second el ectrode 402
conprises a free layer 410 and a cap Iayer 405, where the free | ayer 410

i s.di sposed between the ca yer. 405 and the.tunnel barrier er 415. The
oo Ap i Brerehspd 9901,555“508& Ee nmﬁﬁ'ﬁyépvsm% prhe
conprising a first ferromagnetic a er 4 ad acent fir interface
| ayer 426rg %P%%ﬁ%ﬁﬂ”FbﬁPSﬁgaﬁEf?% Py é%opﬁp?ﬁggﬁi g Fh%eiﬁﬁ
|nterfacella er. 422, .and an APC I r 424 g%sgosed(i etmeen the first
i nterface ?%1 Ly e 2e ¥e’8’6‘?1 ayes %0 SHFRTTYE®
anti paral | cou Iln%.betmeen t he flrst ferr ma et ﬁP' er 42 nd t he
second fe??‘éh‘h% &h &FEP A%b. m%?’feetrﬁ?aﬂo{}‘gpg { 1Ee £ FACeP¥ at® | ayer
426 and the second interface I %ﬁﬁ'éy not be used ;he first
f er r omagne?YRLs ayBiifgg the ﬁBr %ﬂ E&r PAP RRUFHY 2 1 F%tt%%erCIV|ty and
t he second ferroneﬁgstlc material 430 is forne& f materi havi ng a second
coerci vi t PRI tHIESoRd EBRr £F %At PRk S§FBAT et ST IRIR IR l1‘:| dyers are
coercivit T e second ferromagnetic_| ayer 430 has a hi erC|v i
(greater hea I8 PRARTESES coyS T T oOraast Tk i nbh?l Bho fix
(pin) the nggnet tion direction of th AP- i nned I%§Sﬁ532 endlcular
{6 the ABICTRECWHLG ATEgBRIRRD! f 5L oY 9 V&egasm)ﬁ EhEAtion
crystal | ographi c_textur [ain siz e su uent ers, _and may
not be neaﬂﬁd fﬁgaﬁﬁgéﬁﬁﬁ§§r ﬁﬁﬁe%%ﬁgFWBeégﬁ PF §F’ nggP A% and a
second SUb laggrléﬁgfJﬁp%ggragezé££5tI%y%ukﬁ%lgléggjk§n%b%gtosgatlc

interaction of the AP-pinned layer with the free layer in this

manner, the free layer magnetization can freely rotate in

response to the applied field resulting in the MTJ sensor having

high sensitivity.

The above, as well as additional objects, features, and

advantages of the present invention will become apparent in the

following detailed written description.

BRIEF DESCRIPTION OF THE DRAWINGS
For a fuller understanding of the nature and advantages of
the present invention, as well as the preferred mode o use,
reference should be made to the following detailed description

read in conjunction with the accompanying drawings, In the



bet ween the second sub-layer 414 and tunnel barrier |ayer 415._72;%5 gnog
magneti zation of the free layer 410 is oriented parallel to the gl
"free to rotate in the presence of a signal nagnetic field. Lead |ayers 460,
A65 adj acent to the first el ectrode 404 and the second el ectrode 402,
respectively, provide electrical connection for the flow of sensing current
IS froma current source 470 to the MIJ sensor 400. A signal detector 480
which is electrically connected to the 1%ads 460, 465 senses the change in

the tunndPi-hgWiRd rdtWidgs -t o1 kR aFRERrSITGuCEBerAL T iPFHaD@teaydkea?d by t he
si gnal magnetic field (e. g,, field generated by a data bit stored on a

di sk). TR mé;(?’ér%ad‘ftsrrﬁ%'ﬁé’tlgeo??e‘?kbe AINGSrotate the direction of

magneti zation_of the free | ayer 410 relative to the directiogn of

magnet i zat i onFd% - thelpidinéd T BRI IMDSWHRCR ViePr 1 419 yBitRnedt 2

per pendicul ar to the ABS. The signal detector 480 preferably includes a
digital P&BFdRRy SV SBDNSOE;P 2002 15 channel such as a PRVML channel as is
known to those skilled in the art., The signal detector 480 al so includes

ot her supportFhg- ot ricuiaty pés BERRLIRG WIFREENPLRYi ¥OY 1% &R al PY Pl aced
bet ween the sensor and the channel) for conditioning the sensed resistance
changes &Fips fhbwrransttilfosenski | Jwrrtiien sengPri The MIJ sensor 400 is
fabricated in_a magnetron sputtering or an ion beam sputtering systemto
sequential |y Hépes?tig e simblifag@rdzavinet efeashawre it Fiegorginghdisputt er
deposition is carried out in the presence of a |ongitudinal or transverse
magnet i c driigkdspftemotndd0 Ce to orient the easy axis of all of the
ferromagnetic | ayers. The bottomlead | ayer 460 formed of gold (Au) having
a thickness ofigbotitislGo- 500 Pebsineporifieeg ghew substiratseadsd of an
preferably A1203. The seed | ayer 440 fornmed of C having a thickness of
about 50 eAbpdideposef edh offJt henbendadB8d:diTige tAPtpé reversdray énv4R0iconpri si ng
the second ferromagnetic | ayer 430, the second interface |ayer 422, the APC
| ayer 424, the first interface |ayer 426, and the first ferromagnetic |ayer
428 are sequentially deposited on the seed | ayer 440. The second
ferromagneti c | ayRETA4380 haS PR BT HORT ORNnEBE LRI BUBADIMENDr ned of
Coeo-Pt12-Cre, a ferromagnetic material having high coercivity that gives
it the properfhesfolleniiar deperiphetit adhét PeThecBRROEIhPECEg8E I Vayer
422 is formed of cobalt (Co) having a thickness of about 5 A The APC | ayer
424 v -coptsmplptogofon gargyiagnedt ofhe RUsS/EPGM PYRNt Havi nghd st hi ckness of
' about 6 ékscription is made for the purpose of illustrating the general

principles of the present invention and is not meant to limit the
inventive concepts claimed herein.

Referring now to Fig. 3, there is shown a disk drive 300
embodying the present invention. As shown in Fig. 3, at least
one rotatable 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 the disk 312.



The .(first interface layer 426 is formed of Co having a thi ckne.sz):ﬁEE,b?w 5
A and the first ferromagnetic |ayer 428 having a thickness of a 5 2
“is formed of Co3o-Fe,o0, a ferronmagnetic material having high magneti zation
and therefore expected to have a high tunnel nagnetoresistive coefficient.
The tunnel barrier layer 415 is formed of A1203 by depositing and then

pl asma oxidi zing an 8-20 A alum num (Al) layer on the first ferromagnetic

| ayer 428. The free layer 410 conprisidd the first sub-layer 412 and the
second sub- | &feleast paedepidsn &d3oA St Resithergd oy ther dfayetl A1 acthe
first sub-layer 412 is forned of Co9o-Felo having a thickness of about 10 A
deposi t ezl isten 343t supRPrbang | @re [0y 8Pra18agThel Cgradersdte sheaderIdmagnet i ¢
mat eri al having a near zero magnetostrictive coefficient. The second

sub- | ayerher the heaned2bf inNofprasesntihe oY JI hsanisey @ft hhekpessendf about 20
A deposited on the first sub-layer 412. The cap | ayer 405 forned of Ta
havi ng ainvemkress Ak abheudifHis Adtatdepobet etlider t318 decnoded utHdadrl vt 0
conplete the active portion of MIJ sensor 400. The top |ead 465 forned of
gol d (Au)n hand rRgita civBircknessi o duiFabe0322i so depositthed heads hg2ramyt ayer

405. An insulating |ayer 490 fornmed of A1203 deposited between the bottom

| ead 4602addkd RE fifepeheafdofbbordy @F dee aliertwhernd dgrgukat Hevabps ween the

- 2 S CP 2002 I|eads and prevents shunting of the sensing current around
the MIJ setsdedA00.Eathesusgepf3xd ia htghchear € var adteatomagnet3ro mat eri al
for the second ferromagnetic |ayer 430 provides the pinning field to fix

t he magnesazatdon elisbBashan sed ed PAR- pubpedsi ayes1s2aopespendi suladt to the
ABS. In order to set the magnetization of the pinned |ayer, the MIJ sensor
is placegpiing dH e RgREt headd£lthd isnitibe 8880850 A00B15000 S rLrd ented
perpendi cular to the ABS. The high coercivity of Coeo-Ptl2-Cre and it Curie

tenperatyse i eddie JRNGE o0 2 PRSI Y 6Lk thBhad PEANN G driual 8 rexspedifg 500 Ce
with excellent thernmal stability for operating tenperatures in the range up

to about ;1205 40G s IdpQLASE FOg PrEVERL bkhe BYREt Ostatlst ocouptiNg ofnd he
hi gh coercivity secong ferromagneticlayer 430 to the free layer 410 from

| mpedi ngyghecdfiee JQf al 18R 1 Oho {41 ARG LZ Al EPRe@Tnd iR tilee 1 LY e e Ad
response to a signal magnetic field, the net magnetic nonment of the

I 'ami nat ed; ABspidinedhd ayekqdd? fistcdia redugedttondady |6n2e6918y syidabl e
choi ce of the thicknesses of the layers ' form ng the AP-coupl ed structure.

The magngbi&r NOEMAN1Ofs 18a6H sf snpoTRANes 6 LayerolNed E2ostructure is equal
to the product of the magnetization of the |ayer material and the thickness

of the layer.pgiee JhemagnebEzatd Ansoktbhaghi spsc el noXBgReLE Coh ayer 428
and the first interface |layer 426 are oriented antiparallel
the disk 312 generates an air bearing between the slider 313 (the
surface of the slider 313 which includes the head 321 and faces
the surface of the disk 312 is referred to as an air bearing
surface (ABS)) and the disk surface 322 which exerts an upward
force or 1lift on the slider. The air bearing thus counter-

balances the slight spring force of the suspension 315 and

supports the slider 313 off and slightly above the disk surface



.

- 2 SEP 2002 ,Bto the magnetizations of the second ferrorragnej_iIZiSEEe?Uoz
430 and the second interface |layer 422 'due to the APC | ayer 424, t
magneti c nonent of the |am nated AP-pinned |ayer 420 can be nade nearly
zero by having nearly equal total nagnetic nonents on each side of the APC

| ayer 424. \Wile Coeo-Ptl2-Cre was the preferred conposition of the second
ferronagnetlc Iayer 430, a conp05|t|on range may be used which is expressed

as CoX- ere 68 0 S 88 s. 160, and x +
y +2z = 1%0 \ﬁHPPEa%%%(”F'-‘é c%‘%&é‘ tﬁBXB’r’é‘? e‘?‘*re‘d‘gcélf?ﬁﬂg?‘tl on of the
first ferroma netlc | ayer 42B, a conposition range may be used which is
expr essed®B®S CoFeb, where 200 <_ a s 500, 500 s b s 80% and a + b =

100a. The tun netoresi stance cq i cien S proportional _to the
product of thgﬁ}?ad’ﬁg’ﬁf’&sf?ﬂ‘ﬁp%%ﬁsti ﬁﬁk 'é%‘p sﬁlsﬁﬁ@dafﬁyers
Therefore r fl.ux density (higher gnetization rials are desired
for appl |€%’?‘f’g% e OPPERE LR Y rﬁ?é}frggy(??gn?ﬁs I\?I‘?fzeé:g‘ﬁ§§r b_y %ﬁ%
Cojo-Fe.,o material, used in th\e@geferred egbofi nent for the first
ferrorragn%?’i“’cr?]ay)é’rlt423§9ha§u%h f‘?ﬁeﬁﬁ’ SRPEFAL i BHPFI IR 28EndPEGTRFL 24000
Gauss which should result in a high tunnel magnetoresistance coefficient
for the MOSknsignadee. AvPeeabtYwd e CORLFEl BRhlgmAd CoMRyérea3tPdet eri al s
such as a' ~2SCP202 19 Co-N, Co-Pt, and Co-Sm nay al so be used to
fabri cat eCMIIrSlersigictiz6e oF EPAROE ChiRS 3NEs BniiEFRRIAGESFOTA FBet he present
i nvention has been particularly shown and described wth reference to the
pr ef er r edC@WbERA rYitts 329t IAPPIaERS IFRIETSLo8dIBFL § hod CXKiPLeda Ot he art

t hat various changes in formand detail may be nade w t hout departing from
the spiri8ySsempereuntivaachlAly @9 s APERTT BAN T ARE cHidINAgPy Ont héndli 323 osed
invention is to be considered nerely as illustrative and limted in scope
only as spedilf¢adl nasittienappendeek ct@itael sipnpls on line 328. The

control signals on line 328 provide the desired current profiles
to optimally move and position the slider 313 to the desired data
track on the disk 312. Read and write signals are communicated
to and from the read/write heads 321 by means of the recording
channel 325.

The above description of a typical magnetic disk storage
system, and the accompanying illustration of Fig. 3 are for
representation purposes only. It should be apparent that disk
storage systems may contain a large number of disks and
actuators, and each actuator may support a number of sliders.

Fig. 4 shows an air bearing surface (ABS) view of an MTJ
sensor 400 according to the preferred embodiment of the present

invention. The MTJ sensor 400 comprises a first electrode 404, a



L

- 2 S EP 2002 20 CLAIMS | claim 1. A magnetic tunnel juntion. %/IS]
sensor, conprising: an antiparallel (AP)-pinned |ayer, conprisi

EP; 2007

ferromagnetic | ayer made of a magnetic material having a first coercivity;

a second ferromagnetic | ayer nade of a magnetic material having a second
coercivity, said second coercivity having a magnitude greater than said
first coercivity, said second ferromagnetl c layer fixing the magneti zati on
direction of said AP-pinned | ayer: and'an antiparall el )l in APC) | ayer
di sposedSSEPﬁ%eﬁl%‘é‘Pﬁqu A92 aRd 3etUMPY BATSHEGneRYRE | -SPP5FPee | ayer
of ferromagnetl c material; and a tunnel barrier |ayer di sposed bet ween sai d
first fePrbiaghethe Fimptr edggtsafe 40eanchyfde Secoffee MR #02as recit ed
inclaiml, wherein said first ferromagnetic |ayer is nmade of Co3o-Feo and
sai d sec3hd fersbnatpritase 4P4r COBPRERRS Gf legdsabed ARyRinnesl lpyer\i20
sensor as recited in claim2, wherein the A 2 S EP 2002 21

t hi cknes@ndf asaged shays 440, r sghagacthe lagpiaated i\ﬁrébmﬁhfé kaveak#@9s isf sai d
first ferromagnetic layer. 4. The MIJ sensor as recited in claiml1, wherein
sai d firsiisbesednpgnetarc thayeredslaveie 440 Goal Ebb wherel d¢rmiey iage% 500
S bs 8% and a + b = 100% 5. The MIJ sensor as recited in claiml1,

wher ei n #4Aé.seThadséesnonrdgaetrbdel 4§2rcampmumees of fOoX- Rty Crdd Onvaede 2680 s X
< 88% 80 sy s 160, 40 s z s 160, and x +y + z = 1000. 6. The MIJ sensor
as recitedp Dagkai 404, wiaiecithesdrde senerd 41@r Hendyspdsed mattevdeal the chosen
froma group of materials including Co-Ni, Co-Pt, and Co-Sm 7. The MIJ
sensor asabechied 405 CcArd ronk tWAREEI Pastidd layer 415.

The laminated AP-pinned layer 420 is an AP-coupled
multilayer structure comprising a first ferromagnetic layer 428
with an adjacent first interface layer 426, a second
ferromagnetic layer 430 with an adjacent second interface layer
422, and an APC layer 424 disposed between the first interface
layer 426 and the second interface layer 422 to provide
antiparallel coupling between the first ferromagnetic layer 428
and the second ferromagnetic layer 430. Alternatively, the first
interface layer 426 and the second interface layer 422 may not be
used. The first ferromagnetic layer 428 1s formed of material
having a first coercivity and the second ferromagnetic material
430 is formed of material having a second coercivity where the
second coercivity is greater than the first coercivity. The

second ferromagnetic layer 430 has a high coercivity (greater



second coercivity of said second ferromagnetic |ayer is great errﬁlga{g 158
Ce. 8. A magnetic tunnel juntion (MIJ)-sensor, conprising: an agi Pa QQ

(AP) pinned | ayer, conprising: a first ferromagnetic |ayer nade of a
magnetic material having a first coercivity; . . - 2 SEP 2002 22 a first

interface |layer of ferromagnetic material in contact with said first
ferromagnetic | ayer; a second ferronagnetic |ayer nade of a nagnetic
mat eri al having a second coercivity, ddid second coercivity having a
magni t udehgn eli®Od)hahasapdovides therringing figld sechbht fRimofhgnetic
| ayer fixing the magnetization direction of said AP-pinned | ayer; a second
i nt er f aceagageyzadfidredioragneni of neherARdprinnegodader 449 PSwepddicydnd
ferromagnetic layer; and an antiparallel coupling (APC) |ayer disposed
bet ween tai thd iARBY. amheseseenddlapeer44@eld & dryeradepeslited éro ooddidysi ng: a
first sub-layer of ferromagnetic material; and a second sub-Ilayer of
ferr omaghkéi erystiArlicairaphicontattrad dh gz ith faizst o§ubhée asdysecaeghita t unnel
barrier |layer disposed between said first ferronmagnetic |ayer and said
first subalayer afd saiyd nbotebdel ageded9. The MIJ sensor as recited in claim
8, wherein said first ferromagnetic |ayer is nade of Co3o-Fe~o0 and said
second ferronaghetice l1ayer 4l0madepofs€oen-Airs2- Gub-1ladPer M2 MAH sensor as
recited in claim9, wherein the . - 2 S E P 2002
second sub-layer 414, where the first sub-layer 412 is disposed
between the second sub-layer 414 and tunnel barrier layer 415.
The magnetization of the free layer 410 is oriented parallel to

the ABS and is free to rotate in the presence of a signal
magnetic field.

Lead layers 460, 465 adjacent to the first electrode 404 and
the second electrode 402, respectively, provide electrical
connection for the flow of sensing current Ig from a current
source 470 to the MTJ sensor 400. A signal detector 480 which is
electrically connected to the leads 460, 465 senses the change in
the tunneling current due to changes induced in the free layer
410 by the signal magnetic field (e.g., field generated by a data
bit stored on a disk). The external magnetic field acts to
rotate the direction of magnetization of the free layer 410
relative to the direction of magnetization of the pinned laver
420 which is preferably pinned perpendicular to the ABS. The

signal detector 480 preferably includes a digital recording



23 thickness of said second ferromagnetic layer is twice the thi
said first ferromagnetic layer. 11. The MIJ sensor as recited iéf§§5?ﬁ2@b2
wherein said first ferromagnetic |ayer is nade of Coa-Feb where 20%s a s
50s, 50g s b s 800, and a + b = 1000. 12. The MIJ sensor as recited in
claim8, wherein the second ferromagnetic |ayer is made of Cox-PtY-CrZ
where 680 s x s 880, 80 s y s 160, 40 s z s 160, and x + y + z = 1000. 13.
The MIJ sensor_as recited in claim8, wWserein said second &e ro Pnetic

| ayer i sCRARRRh FUm3E §r BB ofh3RA%y 38 <5 kBPﬁ’ai‘h‘b 5K S %:i?fgﬁ 2nd
Co-Sm 14, The MIJ sensor as recited in claim8 erein said first and

; I
second i hE@r#hce IH\ferdoapsd AREHRCIAT ARfaRLSO1ENCIHRCSPFNSENSBPPREE RS t ed
inclaim8, wherein said first sub-|ayer is_made, of Co9q-Felo. 16. The MIJ
sensor aSifeeiteks Fushapm 8, pm@mlrflls% d ed8EBRECIL. IPAPEFY BeRERRD of
Ni - Fe (permall oy). T1 2 S~ P ?~0? ?24 17. The MIJ sensor as recited in
clai m 8, thReFRRFP LAY APe Fagerells QT SPEAEEPRMA Yo F5 6t dnat eri al s
consi sting of ruthenium indium_ and rhodium 18, The MIJ sensor as recited

in clai NEBS1HRANEE Fhsdio@st afnef BREYR &0 ILAPER Y Merfd 1% LRE283L- 19. The MIJ
sensor as recited in claim@8, wherein said second coercivity of said second
ferronmagnet i cThayid isengegaflp {hafPRBFated 28, @ AFRELTAN FRUSYST Y
conprising: a magnetic recording disk

or an ion beam sputtering system to sequentially deposit the

multilayer structure shown in Fig. 4. The sputter deposition is

carried out in the presence of a longitudinal or transverse

magnetic field of about 40 Oe to orient the easy axis of all of

the ferromagnetic layers. The bottom lead layer 460 formed of

gold (Au) having a thickness of about 100-500 A is deposited on

a substrate 450 of preferably Al,0;. The seed layer 440 formed

of Cr having a thickness of about 50 A is deposited on the lead

460. The AP-pinned layer 420 comprising the second ferromagnetic

layer 430, the second interface layer 422, the APC layer 424, the

first interface layer 426, and the first ferromagnetic layer 428

are sequentially deposited on the seed layer 440.

The second ferromagnetic layer 430 having a thickness of
about 50 A is formed of Cogo—Pt,,-Cry, a ferromagnetic material
having high coercivity that gives it the properties of a hard

permanent magnet. The second interface layer 422 is formed of

cobalt (Co) having a thickness of about 5 A. The APC layer 424



a magnetic tunnel junction (MIJ) magnetoresistive sensor for sen%%#gzg ZQQZ
magnetically recorded data on said magnetic recordi ng disk, said e
conprising: an antiparallel (AP) pinned |ayer, conprising: a first
ferromagnetic | ayer made of a nmagnetic material having a first coercivity;
a second ferromagnetic | ayer nmade of a magnetic mater-al having a second
coercivity, said second coercrvrty havklg a magni t ude greater than said

first coesciyliy said.second &l U piornsed oF BrBu20p2A20 | aver

fixing the nagne ‘hhed 9 ayer;
t | el PC) . | t d
azr:gﬁ;gre. S CEAR er %?Zf%‘%s‘%@gﬁﬁf@%ﬁ%vﬁn i 5%2%%11%56%82%'

barrier yer osed we flrst ferro net and said free
| ayer ; dﬂgds? dﬁﬁb?nglsﬁ d %ﬁ%PQﬁ%ﬁg%ﬁcagag%E 44%3 ﬁ&éﬂ%t?c recor di ng
di sk so the NWJ sensor may _ac ess diffe e egrons neti cal

recor ded HEt5PGH 19He 2PRYketPC rl%ﬁo“F‘Eﬁ‘FT?‘F'tj:I €003 G0 Peéﬁf’g‘?'?ﬂflker’rdr%el

coupl ed electrlcagéy to the MIJ sensor, for et ct| c 1an eiFln resi stance

of the 091 PRYRRTHAR Y AR ﬁﬁf SHESXPY BF R free

ferromagnetic |ayer relative to the fixe ne |zat|on of the pinned | ayer
in respoﬁs@??Q)W#hﬂﬁﬁrW?gPFEPﬁgsrrEﬁN?rﬁ?%%&n%gﬁp ally recorded data. 21. The

di sk drive s stenras recited in_clai 0,,
y he tunnel barrier layerrqf% 1§M}ormed of Al,0; by

depositing and then plasma oxidizing an 8-20 A aluminum (A1)
layer on the first ferromagnetic layer 428,

The free layer 410 comprising the first sub-layer 412 and
the second sub-layer 414 is deposited on the tunnel barrier layer
415. The first sub-~layer 412 is formed of Cog-Fe,, having a
thickness of about 10 A deposited on the tunnel barrier layer
415. The Cog,-Fe,, is a ferromagnetic material having a near zero
magnetostrictive coefficient. The second sub-layer 414 is formed
of Ni~-Fe (permalloy) having a thickness of about 20 A deposited
on the first sub-layer 412. The cap layer 405 formed of Ta
having a thickness of about 50 A is deposited on the second sub-
layer to complete the active portion of MTJ sensor 400.

The top lead 465 formed of gold (Au) having a thickness of
100-500 A is deposited on the cap layer 405. An insulating
layer 490 formed of Al,0, deposited between the bottom lead 460

and the top lead 465 provides electrical insulation between the



said - first ferromagnetic |ayer is nade of Co, o-Fe,o0 and said seoe S[_‘P %QUZ
ferromagnetlc | ayer is nmade of CoB~-Ptlz-Cre. 22. The disk drive system
recited in claim21, wherein the thickness of said second ferromagnetic
layer is t~.~ice the R- 2 S E P 2002 26 thickness of said first
ferromagnetic layer. 23. The disk drive systemas recited in claim 20,
wherein said first ferromagnetic |ayer. 4s nade of Co8-Feb where 20~ s a s

500, 500, %§5 gue%%ﬂtg sh8n51%§ é%% égﬂglﬁésgufgédﬁad%%%h?”hﬁé £ |ted

inclaim second rromagnetic |layer Is made o
where 68%, 40&380 80 sy < 160, 40 s z s 160, and x +y + z = 1000.
25. The di si drive system as recited in claim 20, wherein said second

ferromgneti cymt el e grgiggrége%a,&roseem%mg@ﬁ [ b glydkgg Co- N,

Co-Pt, and Co Ivé systém as rec dGnclaim 2 wherein

Sl oo gd Goske teéo% ghB U5 SPEN0 T LamRgRel! ol el i g18RbeLo! han

150 Ce. rive em nprisi a nmagnetic re Ing drsk; a
ragnet | CBHy Pedl “q?iet&'l°%ecé°8n?>£2?%“$%3“h&%t%t BESERE e 8 " s
sensor ng?gégé{ghlar to the ABS. In order to set the magnetization of
the pinned layer, the MTJ sensor is placéd in a high magnetic
field (in the range of 5000-15000 Oe) oriented perpendicular to
the ABS. The high coercivity of Cog,—Pt,;-Cry and it Curie
temperature in the range of 500°C result in a pinning field
exceeding 500 Oe with excellent thermal stability for operating
temperatures in the range up to about 120-140°C.

In order to prevent the magnetostatic coupling of the high
coercivity second ferromagnetic layer 430 to the free layer 410
from impeding the free rotation of the magnetization of the free
layer in response to a signal magnetic field, the net magnetic
moment of the laminated AP-pinned layer 420 must be reduced to
nearly zero by suitable choice of the thicknesses of the layers
forming the AP-coupled structure. The magnetic moment of each
ferromagnetic layer in the structure is equal to the product of
the magnetization of the layer material and the thickness of the

layer. Since the magnetizations of the first ferromagnetic layer

428 and the first interface layer 426 are oriented antiparallel



- 2 S EP 2002 27 an antiparallel (AP) pi.nned | ayer, conprising;bz Stﬂgt

* ferromagnetic | ayer made of a magnetic material having a first coer |tZQ02
a first interface |ayer of ferronmagnetic material. in contact with said
first ferromagnetic |layer: a second ferronmagnetic |ayer nmade of a magnetic
mat eri al having a second coercivity, said second coercivity having a
magni tude greater than said first coercLvity, said second ferronmagnetic

ayer 11 g LG JRINEL 220 (i L EOLLOLT O rchalel AR PLONEA 248 oflg>econd

interface |l ay material in con second

ferromagnetic layer; and an antiparagllel couplin Q) r disposed
bet ween & Fds?f’?g‘? jarhibersf@é:c?naayﬁ e??%c‘guef atyoe&sh;e gPéfg%Q?%%zﬁ’cg‘r‘rﬁrP ?ng: a
first sub-laégr of ferromagnetic nateriggé and gtiecond b-1 ayer o

A f
f er r omagMBEPECHELBPTST 9 ChR 2BPLRPERY 2 PHIPSt 18¥BE 1 46/e152ahE B2 Binnel

barrier |ayer disposed between said first ferronagnetic | ayer and sai d

first suBCREy¥r28FO0 Y d'atidg pgggly eqayal tptalymg E?Fi%dﬁﬁy SaR"aB8BRt or
for noving said MIJ sensor across the magnetic recording disk so the MIJ
sensor mEy950€ésEnqi A erien dgfons of magnetically recorded data on the

magneti c recording disk; and o
While Cog,~Pt,,~Cry, was the preferred composition of the

second ferromagnetic layer 430, a composition range may be used
which is expressed as Co,~Pt,-Cr,, where 68% < x < 88%, 8% < y <
16%, 4% < z < 16%, and x + y + z = 100%.

Also, while Co,,~-Fe,, was the preferred composition of the
first ferromagnetic layer 428, a composition range may be used
which is expressed as Co,-Fe,, where 20% < a < 50%, 50% < b <
80%, and a + b = 100%.

The tunnel magnetoresistance coefficient is proportional to
the product of the magnetic flux densities of the free and pinned
layers, Therefore, higher flux density (higher magnetization)
materials are desired for application as the free and pinned
layers in MTJ sensors. The Coj-Fe,;, material used in the
preferred embodiment for the first ferromagnetic layer 428 has a
very high saturation flux density of 24000 Gauss which should
result in a high tunnel magnetoresistance coefficient for the MTJ
sensor 400.

Alternative first ferromagnetic layer 430 materials such as



a recordi ng channel coupled electrically to the MIJ sensor for de&e i1 Qg
chahges in resistance of the MIJ sensor caused by rotation of ti®e §i:_lf9 2002
magneti zation axis of the free ferromagnetic |layer relative to the fixed
magneti zati on of the pinned |ayer in response to magnetic fields fromthe
magnetically recorded data. 28. The disk drive systemas recited in claim
27, wherein said first ferromagnetic Iay1egr is made of Co30-Fe, o0 and said
second fergp@aneLLles | i S (o] o-Pt12-CrB. 29. The disk drive
system as reci ?eggi gt'c?%r?dmdf;,ﬁp g?’e%%\%ﬁ[’eet S’legkggsgaéfl%aatf% Mk srgsors

ferromagnetdce rbaygr tj)stﬁé(vi&eestet}& rimgg@ﬁ?r?_ of said first ferromagnetic

| ayer. 30. The di Sk drive systemas recited in claim27, wherein said first
800, and a + b'ELibos™ Fronshe ARTRREPeldi cRaR, BePLenieny v anay,

oS E PBsee aeT VE e b Hhe SRR, eialngn S T, e 1o,
For rommaner LS ReCeri A (ot sETIPHoH 25 GBS SPararerias Thadadi ag Co- N
Co- Pt, andoCRr A 33cainG:=d $K g%gjgewﬁlﬁsotuecmdaesar Ci tegracirr{]_t | ai m 27, wherein

said first and second Interface layers are ma 8*6t"%0 4.5pTﬁétdi sk

drive systemnas c i l-ai,m 2 erein said first sub-layer _is nmade
of Co9o- Fel g?@B%ﬁ(?T%éeE? |lsnllgI rf?\l;ggs%‘{ge\r,{n}%l%l'r egfzfgﬁd’rrhg]c\f'ai S ALsEhasedn

sai d secondvenPibayes {5 Jde 9t (N-of&.dR @n%gl9¥3dstrative and limited

in scope only as specified in the appended claims.



,36. ‘The disk drive systemas recited in claim?27, wherein said second
coer_civity of said second ferromagnetic |ayer is greater thar E(% 02
| . A3y. A{12 . AA3 . A2 . A . AsNYy. AY, . A9H . A3 . A&F. AIY AL;Y.A Al Al .A AU
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5. The MTJ sensor as recited in claim 1, wherein the second

oe

ferromagnetic layer is made of Co,-Pt,~Cr, where 68% < x < 88%, 8

<y < 16%, 4% < z < 16%, and x + y + z = 100%.

6. The MTJ sensor as recited in claim 1, wherein said
second ferromagnetic material is chosen from a group of materials

including Co-Ni, Co-Pt, and Co-Sm.

7. The MTJ sensor as recited in claim 1, wherein said
second coercivity of said second ferromagnetic layer is greater

than 150 Oe.

8. A magnetic tunnel juntion (MTJ) sensor, comprising:
an antiparallel (AP) pinned layer, comprising:
a first ferromagnetic layer made of a magnetic material

having a first coercivity;
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10 10 10Ly210%&f() rlal %av@%g a second coercivity, said second

coercivity having a magnitude greater than said first
coercivity, said second ferromagnetic layer fixing
the magnetization direction of said AP-pinned layer;
a second interface layer of ferromagnetic material in
contact with said second ferromagnetic layer; and
an antiparallel coupling (APC) layer disposed between
said first and second interface layers;
a free layer comprising:
a first sub-layer of ferromagnetic material; and
a second sub-layer of ferromagnetic material in
contact with said first sub-layer; and
a tunnel barrier layer disposed between said first

ferromagnetic layer and said first sub-layer of said free layer.
9. The MTJ sensor as recited in claim 8, wherein said first
ferromagnetic layer is made of Co,-Fe,;q and said second

ferromagnetic layer is made of Cog—Pt,,~-Cry.

10. The MTJ sensor as recited in claim 9, wherein the
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12. The MTJ sensor as recited in claim 8, wherein the second
ferromagnetic layer is made of Co,Pt,-Cr, where 68% < x < 88%, 8%

<y < 16%, 4% < z < 16%, and x + yv + z = 100%.

13. The MTJ sensor as recited in claim 8, wherein said
second ferromagnetic layer is chosen from a group of materials

including Co-Ni, Co-Pt, and Co-Sm.

14. The MTJ sensor as recited in claim 8, wherein said first

and second interface layers are made of cobalt.

15. The MTJ sensor as recited in claim 8, wherein said first

sub-laver is made of Cogy-Feig.

16. The MTJ sensor as recited in claim 8, wherein said

second sub-layer is made of Ni-Fe (permalloy).
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19. The MTJ sensor as recited in claim 8, wherein said
second coercivity of said second ferromagnetic layer is greater

than 150 Oe.

20. A disk drive system, comprising:

a magnetic recording disk;

a magnetic tunnel junction (MTJ) magnetoresistive sensor for
senéing magnetically recorded data on said magnetic recording
disk, said MTJ sensor comprising:

an antiparallel (AP) pinned layer, comprising:
a first ferromagnetic layer made of a magnetic
material having a first coercivity;
a second ferromagnetic layer made of a magnetic
material having a second coercivity, said second
coercivity having a magnitude greater than said

first coercivity, said second ferromagnetic
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a free layer of ferromagnetic material; and
a tunnel barrier layer disposed between said first
ferromagnetic layer and said free layer;
an actuator for moving said MTJ sensor across the magnetic
recording disk so the MTJ sensor may access different regions of
magnetically recorded data on the magnetic recording disk; and
a recording channel coupled electrically to the MTJ sensor
for detecting changes in resistance of the MTJ sensor caused by
rotation of the magnetization axis of the free ferromagnetic
layer relative to the fixed magnetization of the pinned layer in

response to magnetic fields from the magnetically recorded data.

21. The disk drive system as recited in claim 20, wherein
said first ferromagnetic layer is made of Coy—Fe,, and said

second ferromagnetic layer is made of Cogy-Pt,,-Cry.

22. The disk drive system as recited in claim 21, wherein

the thickness of said second ferromagnetic layer 1s twice the
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23. The disk drive system as recited in claim 20, wherein

said first ferromagnetic layer is made of Co,~Fe, where 20% < a <

50%, 50% < b < 80%, and a + b = 100%.

24. The disk drive system as recited in claim 20, wherein

the second ferromagnetic layer is made of Co,-Pt,-Cr, where 68% <

X < 88%, 8% < y < 16%, 4% < z < 16%, and x + y + z = 100%.

25. The disk drive system as recited in claim 20, wherein

sald second ferromagnetic material is chosen from a group of

materials including Co-Ni, Co-Pt, and Co-Sm.

26. The disk drive system as recited in claim 20, wherein

said second coercivity of sald second ferromagnetic layer is

greater than 150 Oe.

27. A disk drive system, comprising:

a magnetic recording disk;

a magnetic tunnel junction (MTJ) magnetoresistive sensor for

sensing magnetically recorded data on said magnetic recording

disk, said MTJ sensor comprising:
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a second ferromagnetic layer made of a magnetic
material having a second coercivity, said second
coercivity having a magnitude greater than said
first coercivity, said second ferromagnetic
layer fixing the magnetization direction of said
AP-pinned layer:

a second interface layer of ferromagnetic material
in contact with said second ferromagnetic layer;
and

an antiparallel coupling (APC) layer disposed
between said first and second interface lavyers:

a free layer comprising:

a first sub-layer of ferromagnetic material; and

a second sub-layer of ferromagnetic material in
contact with said first sub-layer; and

a tunnel barrier layer disposed between said first
ferromagnetic layer and said first sub-layer of said

free layer;
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layer relative to the fixed magnetization of the pinned layer in

response to magnetic fields from the magnetically recorded data.

28. The disk drive system as recited in claim 27, wherein
said first ferromagnetic layer is made of Cos~-Fe,, and said

second ferromagnetic layer is made of Cogy-Pt,,~-Cr,.

29. The disk drive system as recited in claim 28, wherein
the thickness of said second ferromagnetic layer is twice the

thickness of said first ferromagnetic layer.

30. The disk drive system as recited in claim 27, wherein

said first ferromagnetic layer is made of Co,~Fe, where 20% < a

IA

50%, 50

o\w

< Db

IA

80%, and a + b = 100%.

31. The disk drive system as recited in claim 27, wherein

the second ferromagnetic layer is made of Co,-Pt ,~Cr, where 68% <
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33. The disk drive system as recited in claim 27, wherein

said first and second interface layers are made of cobalt.

34. The disk drive system as recited in claim 27, wherein

said first sub-layer is made of Cog-Fe,;.

35. The disk drive system as recited in claim 27, wherein

said second sub-layer is made of Ni-Fe (permalloy).

36. The disk drive system as recited in claim 27, wherein
said second coercivity of said second ferromagnetic layer is

greater than 150 OQOe.



