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STRUCTURE W TH | NSULATI NG ANTI FERROMAGNETI C LAYER ' BACKGROUND

I NVENTION 1. Field of the Invention This invention relates in general to
magheti ¢’ tunnel junction transducers for reading information signals froma
magnetic nediumand, in particular, to a_nagnetic tunnel junction sensor
with an electrically | I if 'g' I nd to nagnetic
|storage systems whi ch@%ﬁ%mgﬁk@ %@E@Q%%Pﬁgtl on of Rel ated
Art Conputers often include auxiliary nmenory storage devices having nedia
on which data can be W?FtWW%MF@#%@%&? B2YEBad for later use.
‘A direct access storage device (disk drive) incorporating rotating magnetic
di sks is commonly used for storing data in nmagnetic formon the disk
surfaces. Data is recorded on concentric, radially spaced tracks on the

di sk surfaces. Magnetic head& JUND OF THEJINVENION are t hen used to read
data fromthe tracks on the disk surfaces. Idll~b~~~ ~~mVi-~aeo 03J UL
2002 In high capacity disk drives, magnetoresistive (MR read sensors,
commonly referred to as MR sensors, are the prevailing read sensors because
of their capabi.l ifieldoofenie didvedtiom a surface of a disk at greater track
and linear densities than thin filminductive heads. An MR sensor detects a
magneti c fi el dhilsr dnghnt hen challgees rint geneesl stamegneft ict suMReksensi ng | ayer
, (also referred to as an "MR elenent”) as a function of the strength and
di recti onjuicttibes nagnetiicets ukobhetaagiisngnsedohyat iven MRgnayer frdhea
conventional MR sensor operates on the basis of the anisotropic

magnet or esagtdhie (adMRumebfiectin rpadtichilam, MRo ed emegtetriesitshaat ej wartiies as
the square of the cosine of the angle between the magneti zation in the M
el ement asehddre wditheahi eheot r serisley dusnéat ih oanhigf drdromaghet he My et ,enent .
Recorded data can be read froma nagneti c nedi um because the external
magnet i ¢ dneelwb tragmethe secosgledymgmst woinkdineofddmtel gnah femdal)s.causes
a change in the direction of magnetization in the MR el enent,

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.
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which in turn causes a change in resistance in the MR el enent and a
correspondi ng change in the sensed current or voltage. Another nge‘HﬂLﬁQDOZ
sensor is the giant magnetoresi stance (GWR) sensor nanifesting t

effect. In GWR sensors, the resistance of the MR sensing |ayer varies as a
function of the 0 3 J UL 2002 spin-dependent transm ssion of the
conducti on el ectrons between nmagnetic Iayers separated by a non-nagnetic

| ayer (spacer) and the acconpanyi ng spi‘h=dependent scattering which takes

place at the | aheplareal e HRINCH &, and R URANST L JAYGhS B0gywi thin

t he magnetic Iaye S|ng orl ayers of f'errormagnetic

mat eri al epar.at ed er_of non |c nate ial (e.

h coppe%enggésgeﬁ%%%n R %S%Sﬁnsar% ?’s‘%)nc L RegTafify
mani f esting the OWS_ a e 100

Conpr | 31 ngSeHISPRAPhs PREFUBRIOTOB S eh FARAR LY aEQ R ARI ARG FON 182, A
first ferro netlc | ayer, referred to as a pioned |layer 120, has its
nagnetizafﬁ F?pPEaTI §5 BEdIEBRRRBAT %é} REhAMERAE STt g i £ a%nthln
antlferrona%netlc (AFM layer 125. The magnetizati on of a secaond
ferronagnéP-E‘PBQBFtlY%ﬁnﬁﬁqéd tﬁna§R6§9W§9¥ 05¢8Ft 1D MIEGTHC £ijed and is
tree to rotate in response to the magnetic field fromthe recorded magnetic
nedlun1(tﬁ@r§P§Hth?|@ﬂ%ﬂge'Fﬁethﬁeée$%ﬁﬁﬁnqelgfl§t§é%%f%34§}nﬁréﬁV?ﬁe pi nned
| ayer 120 by a non magneti c, electrlcally conducti ng spacer xer 115. Hard
bi as | ayerl@l890 ARG ISE T @Rgean MR hRLAMP Y dgREna 10D B‘iﬁ

respectively, provide longitudinal bias for the free |ayer 110. Leads |40
and 145 f St#eagsh ﬂ%@cp%ﬁ%ﬁ§1pay@ﬁstﬁ%0n%9ﬂft1§5fluxob%pqe|aeq§eﬂobz the

respectively, provide electrical connections for sensing the
MR layer.

The conventional MR sensor operates on the basis of the
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 recorded 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 is 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



resi stance of SV sensor 100. IBMs U S. Patent No. 5,206,590 gmppant
Dieny et al., incorporated herein by reference, discloses a GNEFQeﬁ$%£FQUUZ_

operating on the basis of the SV effect. Another type of magnetic device
currently under devel opnment is a nmagnetic tunnel junction (MIJ) device. The
MIJ device has potential applications as a nenory cell ~and as a nagnetic
field sensor. The MIJ device conprises two ferromagnetic |ayers separated
by a thin, electrically insulating, turmnél-barrier Layer. The tunnel

barrier | ayein+demiidenti epbhymidsior lodt tHgaoddadEicmarileat ronw nediwegnof
charge carriers occurs between the ferromagnetic |layers. The tunneling
process iSm@d;x@é?ﬂifd)flag@irB depengesd byl abnrRagset fatlalle {upaedtNGneUr rent
across the junction depends on the spin-dependent el ectronic properties of
the ferronpgaedddorPingingl Spanthdgerdichineth@fePingd he1ikcal ahikye @rdntation
of the magnetic nonents, or magnetization directions, of the two
ferromagnethée iditacel Brt BRe W%gr%%’l%o%ndofi@ni@égfﬁmnﬁbbéré ayed Widhint s
magneti ¢ nonent fixed, or pinned, and the other ferronagnetic |ayer has its

nmagneti c NpREMfaddRe d 9a8Late in response to an external magnetic field
fromthe recording nedium (the signal field). Wen an electric potential is

appl i ed betweemyde 4R rhens PRRIML ¢wodY8lSrs Lo £ Egnelid Matlddiad002 _
5 .resistance is a function of the tunneling current across the .

i nsul ati ng er \betwee r i yer s, S t l'ing
current thé%9¥1b&§'5§§p§ﬁ§?§%$§§|5 tﬁpggéﬁ %ﬁé%%ﬁﬁﬁgngggfr?§$é ayer depends

on the rel aliye MRgnel)zathop. Lol 9ageotolhe, Ly Laty gorgnelds | ayers,

recorded data” can m a magneti c nedi um use the signal field

.causes a ¢ @ﬂggﬁp%dwi&gggggg ofc rmgnatd.zation of the free layer, which in
S

turn causes a change in resistance of the MIJ sensor and a correspondi ng

change in the sensed b6t OFidOlA08Y bBILS: U JALEELNG: oy 650, 958

granted to Gall agher et a incorporated InIts entirety herein by

: 0 G _ enti 1 &t |
unnel | nET S AR a8 SO a AR LT b e Rl IR 182 - 508 EBAT o7 g
3, LTSt el seLiqde 204, 4.8800nd. ALARL 0,202 AL R Lnel pharyLer, ) aver

215. The f1rs rode conpri'ses a pinn ayer i'nned’ f'erronagneti c

I 220 i.f, ' AFN) 0 d | 240. Th

magnet | cat TR Ad T RRBACTbye 3500 (ETHTRLh Th BTGk heHG b b h
ith the AEM ] ayer 230. The. |_ect 20 [ | |

w th the ACM Lavere 230 ocThesserand olselr ade 207, squmrioses g g eoc | ayer

[
(free ferromagnetic ap rayer e free ?ayeréilo is

separated from i nned | ayer_ 220 b non- pagnetic, electric y. 031

UL 2002 BT dea RS ahne Bt OF AIGH DS I THE dB¢BREIYY

ext ernal nggge%iééJIS%dgist?geérgg gépg?é %%Orgggoﬁ§§tﬂ?%ggthégEéng field
from the recorded magnetic medium (the signal field). The free

layer 110 is separated from the pinned layer 120 by a non-
magnetic, electrically conducting spacer layer 115. Hard bias
layers 130 and 135 formed in the end regions 104 and 106,
respectively, provide longitudinal bias for the free layer 110.

Leads 140 and 145 formed on hard bias layers 130 and 135,



oriented in the direction shown by arrow 212, that is, general

per pendi cul ar to the magnetization direction of the pinned Iayeéf?2¢UihQ@@2
by arrow 222 (tail of an arrow pointing into the plane of the paper). A
first lead 260 and a second | ead 265 fornmed in contact with first el ectrode
204 and second el ectrode 202, respectively, provide electrical connections
for the flow of sensing current 19 froma current source 270 to the MIJ
sensor 200. A signal detector 280, typtdarly including a recording channel
such as arpapectivelbgporyinexeimottidel idoooectPBhvk) fahaensingcthaected to
the first and second | eads 260 and 265 senses the change in resistance due
t 0 changeseishdtugrde i of tdwe seheerl ager 2EM’ly Ut.Be patentnaio regreki, 6901 el d.
Fig. 2b is a cross-sectional view perpendicular to the air bearing surface

of the pngén@éa Mbsanset 300, TheoMortRusaerddf) SPHIdisRhca,sensor
stripe 290 having a front edge 291 at the ABS and extending away fromthe

ABS to a bagkieg8s Z%uleldned Byetheilpcdn edaepabisher tinely kareker | ayer

215. The | eads 260, 265 provide electrical connections for the flow of the

Sensing curreninbghé N Fgll LEChhgRe PEE R @l lcak rbRt i PeuddiinelevBabpinght | ayer
215. An electrical insulating | ayer 250 prevents shunting 0 3 JUL zOQzZ of

the sensing guRseRl: A% QYRGCINS HEPDGH BARS)i Glvhayer @l bty bRcK 8dggs292 of

&
t he sensor stripe 290. Since, “in an MIJ sensor, the sensing current ?Iows

N a direghif Per PRI lhaAbn0abNg NG dANTbRE h8YEmadhdiarsenably hi gh

el ectrical conductivity Is needed for all the |layers di sposed between the

| ead | ayer ept I e i & lL.ayers is the
AN | ayor e o TI% o e R S ) T e S i e

ferr orragngg%%ﬁgicg@_ | Ay ri:?t’ N%%E%E?céﬂﬁ&%sfu%'&ﬁ?%g“Gﬁnwnﬂ%lt 29994

el ectrical uctivity t een used I n previous sensors.

However , 3 h r L resi : Lehod cern.during the
Fabri ot oo dcenns AN CABar FaB e Th% I'ong Yoo Srabl 17Ty, of he. M3

sensor in Lsk_dri NV rl e high
corrosionqgggFgﬁdﬂ%gﬁgpgg%i39355929%2%%3§N| b?Fg%g?%gﬁ%agsgﬁQ%%gggMAFNIg

mat eri al s (Ape ek EGhIb ALY 1hyBuLal i B Anddd1aheT BE6ods Nl JIR(i:dR opAth

for the sensing current to flFow between the leads In a rection

per pendi CH'e%\[ﬁn&anewﬁiW%!ealﬁ%r Ehet tRyerumdifnthebsual ML sensar
structure. at 1s needed 1s a structure for an"MIJ sensor which allows the

use of el gghkt¢sh! yepdiid &l RYAEM ABEESd Rlcht 24EBLASHINE g:@dyé&-iE%ZQ%/ Ni O
with their high corrosion resistance, for the pinning 3 JUL Zpp2 8

layer usednborbiXohdighdBanelirzathon 9hqthe PiMpedibaysF and R Rkecess for
fabrication of an sensor with this structure.
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



Summary of the Invention It is an object of the present invention to

di scl ose a magnetoresistive tunnel junction (MIJ) sensor having aﬂs JUL 2002
electrically insulating AFM Il ayer. It is another object of the present
invention to disclose an MIJ sensor having an AFM | ayer made of NNO It is
yet anot her object of the present invention to disclose an MIJ sensor using
an electrically insulating AFM | ayer and having a pinned |ayer structure in
electrical contact to a magnetic shield,-the shield al so serving as an

el ectri calrdssadtankr ascarflanceon offi the punmeliplgesuairehheaqrasethe
invention, there is disclosed an MIJ sensor conprising an MIJ sensor stripe
havi ng a dersmlaltiygr ayengdiaveehhape aedrdmsagmesittwdagppssi t&imiedehedges, a
back edge and a front edge at the ABS surface. The sensor stripe includes a
stack of [mayekedingcbudreg: athAFMibagepe ppeMiiQuiantlynstkabgothe tunnel
antiferromagnetic material. A ferromagnetic pinned | ayer depositfed on the
AFM | ayer pekasrehagbri abetd@icaCthel b8l & {1 mtReRetheibh réirsdtiieing behi nd
t he back edge of the MIJ sensor stripe (the edge opposite to the front edge

of the strdmetab FReromfgetiléCravers, Irec@idedRitiaN@aiUbé a6&dd t1rdar Qvi de a
path for the sensing current to bypass the electrically insulating AFM

layer. Then@eehBImeds it beddifid fth@"‘@i%ﬁé’:[nfir@l&id&ﬂisag hayieindd ajsversely
through the tunnel barrier layer and the free |l ayer of the J sensor

stripe to dihec8bhoBRINSLL L SLEARA SR ghd MhlLh sRnVeqnash aisacnd
el ectrical lead for the J sensor. The MIJ sensor conprises a seed |ayer,

an AFM | ayef,sed Bi BASHGE o1 f OMRgneLhee! 8YSfne aritinagkohassies layer, a free
ferromagnetic layer and a cap | ayer sequentially deposited on the first

shiel d. /“éd¥}e@§BQ§EB%OEh£ﬁgé'B% 38edsbAyes éﬂ%&éﬂ&eo%FWEhéagéa tgAFM | ayer
is defined by photolithography to have an AFM back edge extendi ng beyond

the back efge ehrbhe §6NSOre5y,Idske graReedi tWCEhINGLHhQMRgResic, | ayer is
deposited on the AFM | ayer, over the AFM back edgé and on the first shield

maki ng el eGidy:6ak2€0at a6t 1 W tdhilihe i hete SIS} defBhentUNNG! sbRIdd£Tad ayer,
free layer and cap |ayer are then déposited sequentially and patterned by

phot ol i t hegraRRY sbe HRE P E ey MY 38NEQ5: STHF Pehe MAgRLESEN LGRALY Judzkliahi ng
| ayer is then deposited over the entire MIJ sensor "area. The photoresi st

covering tdygeMEJ sensor stripe is then renmoved and the second shield of
ferromagnetic material is deposited over the MIJ sensor making direct 03

gegstrZOOZ - Z@igel @t EhER L YPUiRR! aWk TS NeesRGOPD0CLBRbE P8enPla TG M
electrode 204, a second electrode 202, and a tunnel barrier layer
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



stripe. In the MIJ sensor structure of the present invention,- we
ferromagnetic first and second shield | ayers provide nagnetic g e-l‘h“.n@ﬂﬂz
fromstray magnetic fields as is known to the art and al so provide the

el ectrical leads to supply sensing current to the first and second

el ectrodes, respectively, of the MIJ stack. Because the AFM | ayer used in
this enbodinent is electrically insulat ioéwg, direct contact between the
first shield and the pinned | ayer beyond the back edge of the sensor stripe
provi des inEEl8EiRY Mgirnedy derrparhlaes Hd5-i r 30 Ehe@bmiecorit BB MIJ sensor.
The electrically insulating | ayer of material at the end regions of the MIJ
sensor aratarnahemdbeodk ieddaedfl, t hiee sEresprlayeri pe0 praw eirits gengsehizaturorent

fl ow from bei ng shunted around the tunnel barrier |ayer between the first
and secowndishteddsn tHie dheveioasshell Bs aaddivt 202al t1ody dct, sgeheaslres, and
advant ages of the present invention will becone apparent in the foll ow ng

det ai | ed paipbh@NCcERSE Ml PihANmaBRb EFz AEERIFTTLEN 6 JHEHRPULNGE Foyen

full er understandi ng of the nature and advantages of the present invention,

as wel |l agot Bﬁoﬁ%yﬁréﬂ%m&_@ Qtaupeof ard a¥row-boZ®thg ikko kabeprase
shoul d be nade to the follow ng detail ed description read in conjunction

wi th the gCceqaPafyd g dnawings. 15041260 fRld awsBgoAl 2 065l irkemb&f £F ence
nuneral s designate |like or simlar parts throughout the drawings. Fig. 1 is

an air beapi0g, S {RACA MW APLLQ $ER!fra %fngnt%P%c@QtdeS¥0§ensor; Fg.

2a is an air beéarTng surface view, not to sca prior “arf magnetic
tunnel junctio . SENsor, Efl . Zﬁ ig a é:focsos-%%%%gn,fnottﬁteo Cc;iq! er
per pendi E&FB?CFb ﬂ}é’ H5° blgj (e §C ﬁ_r(face of' a-prior A t mag 8t|8 t unnel
et SRTEN. ot o % 5 T LR P 2 RO e g,
of ‘an indygtive write Ml ead bggd wiiAng M2, igad, nead d.2a3hsd
channel such as a partial-response maximum-likelihood (PRML)
channel, connected to the first and second leads 260 and 265
senses the change in resistance due to changes induced in the
free layer 210 by the external magnetic field.
Fig. 2b i1s a cross-sectional view perpendicular to the air
bearing surface of the prior art MTJ sensor 200. The MTJ sensor
200 comprises a sensor stripe 290 having a front edge 291 at the
ABRS and extending away from the ABS to a back edge 292 defined by
the back edge of the tunnel barrier layer 215. The leads 260,
265 provide electrical connections for the flow of the sensing

current Ig in a direction perpendicular to the tunnel barrier

layer 215. An electrical insulating layer 250 prevents shunting



between the shields and adjacent to the inductive wite head Fig. 4a is an
air bearing surface view, not to scale, of an enbodi nent of the& i
tunnel junction sensor of the present invention;, Fig. 4bis a IBHQIIHIL ?002
cross-section, not to scale, perpendicular to the air bearing surface of
the magnetic tunnel junction sensor of the present invention; 0 3 JuL
2002 - i2 Fig. bais an air bearing surface view, not to scale, of another
enbodi ment of the nagnetic tunnel junctign_sensor of the present invention:

and Fig. 3k {feas&iPSRy RELEAR: aflind @neCRhBnePOSPONECULGErt S thige @I 1
bearing surface of yet another enbodi nent of the magnetic tunnel junction

sensor of ,LRAR PL&ESSIY2 iJIVEeRLI @ TALLER BEFCRI PTI ON OF THE PREFERRED
EMBODI MENT The f%?l ovﬁ ng gescrlg?)%%n I sEt he best enbodi ment presently

cont enpl at ed {of, a1 1yl g Ol LOS- P LSRN SLOXERLT ANkl $1dgSCEPLi on | S

made for the purpose strating the generaf principlés of the present
ovent | on R08ek ol MEMchoal! 1 e INETE e, £9TSERS 5l LR e
B12 1o suBbaR B e Pt aaros i o d' BPSEen by d ) SRCuRYETotor al8.
Ihe, IRnCkigeLest AR TEss Sl BRSSOl s o
e P Al ISl S e, BB LS BRI ALY, o1
sensor of jhe.present. 10 3,7 2002 oo 13, LVENtiOn £ Rd PhgeL otate
the slidefP81829eHiRA Paditarry 9 p Y

Mn-Fe 1s an antiferromagnet with good electrical conductivity

that has been used in previous MTJ sensors. However, Mn-Fe has

poor corrosion resistance which is a concern during the

fabrication process and undesirable for long term stability of

the MTJ sensor in a disk drive environment. Alternate AFM

materials that have high corrosion resistance are NiO and

a-Fe,0,/Ni0 bilayer, however these AFM materials are electrically

insulating and therefore do not provide a path for the sensing

current to flow between the leads in a direction perpendicular to

the tunnel barrier layer with the usual MTJ sensor structure.

What is needed is a structure for an MTJ sensor which allows

the use of electrically insulating AFM materials, such as NiO and

a~Fe,05/Ni0 with their high corrosion resistance, for the pinning



in and out over the disk surface 322 so that the heads 321 may access
different portions of the disk where desired data is recorded.QQSEEUtlbgﬁé
313 is attached to an actuator arm 319 by nmeans of a suspensio > LT
suspensi on 315 provides a slight spring force which biases the slider 313
agai nst the disk surface 322. Each actuator arm3l9 is attached to an
actuator 327. The actuator as shown in Fig. 3 nmay be a voice coil notor
(VCM. The VCM conprises a coil novablg within a fixed nmagnetic field, the
direction and speed of the coil novenents being controlled by the notor

cur r enfyy§i GR@kS ARURP Ha?ﬂetﬁ)éti@n 6P ﬂ{erﬁhllle%rlag%gand [QUboB&s FRELBEEADNSS dnherTdi Sk

storage system the rotation of the disk 2 generates an air bearing
bet wee 5l j,.de (the surface of the slider 313 which includes the
head §%T&§ﬁﬁﬁ$%%%§ngﬁ§&surface of the disk 312 is referred to as an air
bearing surface (ABS)) and the disk surface 322 which exerts an upward
force or lift on the slider. The air bearing thus counter bal ances the
slight spring force of the suspension 315 and supports the slider 313 off
and slightly above the disk sSnmaearyf the brgntionsubstantially. constant
spaci ng during normal operation. 0 3 uu~ Zoos - 14 The various
conponent s ol i$ be odjesk of thor puigeens isteativane disolvke al heghetoresiideatingh jimetion
control signals generated by the control unit 329, such as access control

si gnal m@n@ehs&@aﬂa%aﬁkree&icangnﬁhﬁtingmedyw, the control unit 329
conprises logic control circuits, storage chips and a m croprocessor. The

control unity,3 i S, t t I
opor a1 ons. ol ARATAE S RRBrb @ BPAR Do AR U 1Y S8t R A R
positi@Q andcﬁg%ﬁ_control signals on line 328. The control signals on line
328 pr frdnaq &ired current profiles to optimally nove and position the

slider 313 to the desired data ) i ) _
It is yet another object of the present invention to disclose an MTJ sensor using an

electrically insulating AFM layer and having a pinned layer structure in electrical contact to a
magnetic shield, the shield also serving as an electrical lead.

In accordance with the principles of the present invention, there is disclosed an MTJ
sensor comprising an MTJ sensor stripe having a generally rectangular shape and having two
opposite side edges, a back edge and a front edge at the ABS surface. The sensor stripe includes
a stack of layers including an AFM layer of NiO, an insulating antiferromagnetic material. A
ferromagnetic pinned layer deposited on the AFM layer makes electrical contact with a
ferromagnetic first shield behind the back edge of the MTJ sensor stripe (the edge opposite to the

front edge of the stripe at the



track on the disk 312. Read and wite signals are conmunicated o and from
the read/ wite heads 321 by neans of the recordi ng channel 325. 3ne]@’30
description of a typical nagnetic disk storage system and the acconparggg%
il lustration of Fig. 3 are for representation purposes only. It should be
ppakent that di sk storage systens may contain a | arge nunber of disks and
ctuators, and each actuator nmay support a nunber of sliders. Fig. 3b shows
a cross-sectional schematic view of the +ead/wite head 321 enbodying the
present i nviantbeawringi shriacd Judes panvMid a gathhdad pbe t $@rsinmd camrrentdutei ve
wite head portion. The head 321 is |lapped to forman ABS. The read head
0 3J UL @agss thb elactridsd 1an iMBUlseisprAlMQagesposBie eetnsde first and
second shield layers S1 and S2. An insulating gap layer Gl is di sposed
bet ween t heudfrenst tand seoondrzin ehd piayeisy S2yemdt B2nsveitdel y ehironghway
fromthe MIJ sensor. The wite head includes a coil |layer C and an
i nsul at i ontHeaayemnnkeMbahi Cér drf7edi apaseite btaeanyensot athomMIlmayensokNL and
I N3 which are, in turn, disposed between first and second pol e pieces Pl
and P2. A gafigeayer tf@d férfingposedcbséyesn dHielt wBiclansksesonrnd pol e pieces
P1, P2 for providing a magnetic wite gap at their pole tips adjacent to
the ABS. Theamarkileedriead/ wdd Eotreate 3207 Hwnaori.n Fig. 3b is a "nerged”
head in which the second shield |ayer S2 of the read head is enployed as'a
first pole pi eatePlThosehdter Wonipeibeada feql Mbgezhoums mIM aiaydrgaki ng
surface (ABS) view of an MIJ sensor 400 according to the preferred
enbodi mentpafndd€epresgftiet ity anlyie@n. a Thendl) merser 19 conprirzes end
regi ons 464 and 466 separated from each other by a central region 462. The
active regiefroafaghbeiMapensord 400apslayeMskgmensasl 5§ rd¢g si@2df enmedei n
the central region 462. The MIJ sensor stripe 403 has a generally
rect angul afi:tapaisith tao:oppRoketsoflco £dgrs s484, 1408r anth ankackMedge
(not shown) opposite to a front edge 491 at the ABS. The MIJ sensor stripe
403 conprisfsem ftheshrel esydwds 404 inad SeggnbtellechoodepHP X ancva tunnel
barrier layer 415 di sposed 03J UL 20D

AFM back edge extending beyond the back edge of the sensor

stripe. The pinned ferromagnetic layer is deposited on the AFM
layer, over the AFM back edge and on the first shield making
electrical contact with the first shield. The tunnel barrier
layer, free layer and cap layer are then deposited sequentially
and patterned by photolithography to form the MTJ sensor stripe.
An electrically insulating layer is then deposited over the
entire MTJ sensor area. The photoresist covering the MTJ sensor
stripe is then removed and the second shield of ferromagnetic

material is deposited over the MTJ sensor making direct



i - .16 between the first electrode 404 and the second el ectrode 402. The
first electrode 404 conprises a pinned |ayer 420, an AFM IayerO{fQ}U{ngQZ
seed | ayer 440, where the pinned | ayer 42-0 is di sposed between the tu
barrier layer 415 and the AFM | ayer 430 and the AFM | ayer 430 is disposed
bet ween the pinned | ayer 420 and the seed | ayer 440. The second el ectrode
402 conprises a free layer 410 and a cap | ayer 405, where the free | ayer
410 is di sposed between the tunnel barriéfP tayer 415 and the cap | ayer 405.
The AFM | &peFtaBoal scantakangétle ol a@cosdt akeghisased ofayee MBRD S8&@rdi ng an
exchange field to pin the nmagneti zation direction of the pinned | ayer 420
per pendi c§tEiPeo the ABS. The nagnetization of the free layer 410 is
oriented parallel to the ABS and is free to rotate in the presence of a

si gnal magnet i Enfike AT gepber prlafudtiggd efbole mRusSest ineepiiayentthe

i nvention, the MIJ sensor stripe 403 is fornmed in the central region 462
over a fifsrrohagter (SKyr480andheeddndsishinlel thvB® pgouifeayragnsit isof t
ferromagnetic material such as Ni-Fe (pernmalloy), or alternatively Al-Fe-S
( Sendust) shdepdsng efirann saraybségadtcl AFileddd axtiendinognovertiidheatemndal
region 462 and the end regi ons 464 and 466 to provide magnetic shiel di ng of
the MIJ sedsorpfovide the3elbbt200P) Siteedy hagsenpnly Seebdsy Amriemdultat or

| ayer 450 of electrically insulating material such as A1203 is forned in'

t he end rapeofsrd6larmhcdetbbdaatediotideds,t hespectkivwdye of the MU seckor
stripe 403. A second shield (S2) 461 of soft ferromagnetic material such as
Ni - Fe, or BactesaathiedFM AbyPe-Sied iin fthigeemordinsati nsubdeorricaidly 450 in
the end regions 464 and 466 and over the MIJ sensor stripe 403 in the
central reégsohadt®y, direct contact between the first shield and the

pinned layer beyond the back edge of the sensor stripe provides
the sensing current path to the first electrode of the MTJ
sensor. The electrically insulating layer of material at the end
regions of the MTJ sensor and at the back edge of the sensor
stripe prevent sensing current flow from being shunted around the
tunnel barrier layer between the first and second shields.

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 of use,



Fig. 4b shows the cross-section of the MIJ sensor 400 perpendicular to the
ABS. The MIJ sensor stripe 403 has a front edge 491 at the ABS éhg Jé}
extending away fromthe ABS to a back edge 492 defined by the back € gleSZQQZ
tlhhe tunnel barrier |ayer 415. Because the AFM | ayer in the MIJ sensor of

ﬂhe present invention is fornmed of electrically insulating material, it is
ecessary to provide a path for the sensing current to bypass the AFM | ayer

430 and to fl ow perpendicular to the tumn&l -barrier |ayer 415. The path for

sensing cu OWn | a r U : r 1p:define an
pEvER e o e Tl e L R

sensor strLbe Al RUaRc40%, s R depanldiige! eaplaned her pagmonet | o

| ayer 420 over t over 't exposed region of the first

hi el d . . QQQ b .
;aLE edggoﬁéégéggﬁbbgwgg%%é?ggﬁn%bégge%n t gnﬁmégggJﬁfg%§ﬁ%¥%-#g%§ J?gngihgf
10-50 nlcrgﬂﬁgﬁﬁfp%$§¥ Eﬁﬂ&%& %tA%ﬁemﬁf%f%ﬁ MIJ sensor stripe back edge

492 is only a M Cro ers away t'he ABS. This structure

provi des a pat h..for .tk o] £t ens) cyr.rent the first
shield 460, i np%lgain ggo‘fﬁ% Igbﬁag%gaoﬁ%ﬁ%epiqﬁﬁgd P%/Seég %?&1%”%% 2
transverselg.thro%g the tunnel barrier layer 415 and the free |layer 410 to
the secondP¥hieldf™ ¥.S?ﬂ%°¥hsulating | ayer 450 deposited over the pinned

| ayer 420 beyo th% MI'J sensort§trtﬁe baqg edgg 492 1 vi des elecérical

i sol ati on betweer? 't A& 7r3F Ard “S8E6AT i &1 Ths igﬁ’aﬂg 4€1 557d%pr @Yeht s the
sensi ng current fron1shuptin ar qund t?e MIJ sensor stripe 403. Since the
sensi ng cuPTEmt FitoW8IPh fﬂégﬁ] e JPCHhR" giHTEd 71 ayer 420, its magnetic
field may be ed tqQ,achieve a stable magnetic state in the free | ayer 410.
Referring agai i ifo APgio48, STHE TRRSLoRNG Sedend ot el BRIBRIG LaHG2H 000

provide electrical connections for. the flow of the . ) .
the air bearing surface of a prior art magnetic tunnel junction

sensor;

Fig. 3a is a simplified drawing of a magnetic recording disk
drive system;

Fig. 3b is a vertical cross-section view, not to scale, of
an inductive write/MTJ read head with the MTJ read head located
between the shields and adjacent to the inductive write head;

Fig. 4a is an air bearing surface view, not to scale, of an
embodiment of the magnetic tunnel junction sensor of the present
invention;

Fig. 4b is a cross-section, not to scale, perpendicular to
the air bearing surface of the magnetic tunnel junction sensor of

the present invention;



ensing current IS froma current source 470 to the MIJ sensor stripe 403.

signal detector 480 which is electrically connected to shleld 36%“3£d
4%1 senses the change in the resistance due to changes induced in g@ﬂz
| ayer, 410 by the external magnetic field (e.g., field generated by a data
bit stored on a di sk). The external magnetic field acts to rotate the
direction of magnetization of the free_lpyer 410 relative to 03 J UL

2002 _ 19 _ thepgdirefd i;QNaRf 2 PRONGHII23t APRr e thRWDT RBEOLd ay@I1428whi ch s
preferably pinned perpendicular to thé ABS. The S|gnal det ect or 480

f bl I
e ﬁL%Yﬁé?%ﬁﬁ?@ﬁ%ﬁ%Eﬁ%ﬁn R i cRacE el Rt A%

or other t wn tecording channel s such as peak detect or
ﬁBXiﬁUﬁ]|lé9?§% cﬁ%ﬁﬁgﬁ #ﬁ , signal detector 480 al so inciudes other

supporting ci rC%“Jh%. ﬁ#“ﬁ) cfSsdt U ‘}'ESH' ' Bb@rtcg]egc%ﬁte” g@lﬂé Il AGSE st ween

t he sensor and anne or con Itl oni ng € sense SI st ance changes

as is known,to_thgse skilled_in t J s or. 4

F2br i cat ed PR &F nﬁr@%wgnsgﬁﬁﬁ%ﬁ@ﬁge& angOf e SEELR0E o i T SySPeRifo
deposi t se%uent aII t.he nultila structure shown.in Figs. 4a and 4b. The
first shield™f 19 REDERC ( Fﬁ§|P6§?e%%V*Qﬁf%§lPﬁlckneSS in the range
of about 5000 10000 A is deposited on the substrate 401. The seed | ayer '
440, the AFM | ayer 430, the pinned |layer 420, the tunnel barrier |ayer 415,

the free layer 410 equent i depasited over
the first shield 4ggﬁgﬂuiggﬁgi§§éié§Jﬁpi”ﬁi%&?.“ uuuéﬂﬁdbl Grsver se

magnetic field 40 to ori.ent.th Sy..axi of th
ferromagnetic | @S’/ee?és)o q‘ﬂ’ﬁ'eng(ﬁ%ls‘frlfe 10246% gh%q? asy}:ere §8p6‘§e&‘ eop]ieser%eiyf y the
crystallogra r raJn s ze J L 20 subsequent

| ayers, an&ong %ﬁicgfﬁéeaa r%%ﬁ% n&ggnpf?Fent iz ra 18? tgéusubsequent

| ayer. If used,.the seed | gye be f d nt al um T, zi_rconi um
(Zr), nlckéﬁscr%ﬁF%?@ lﬁe?agé E?ﬁ_ g AN :€h|c §§ &aquug%ﬂﬁrgg

The AFM laé?EPﬁgﬁhggr thfpggglg? IR%T%15H|§#§Q§§ E %Oq_%gQ ltheIS

deposi ted See ayer tering a nic

presence of i t oxygen. The AFM Iayer 430 is
patterned byggﬁggg (y§KQ%§Sh€§%Mh%£ lé%%%tnhe AFM back edge 494. The

ferromagnetic pké‘f‘&ﬁn‘r@%»«“@@ 5y deposhbed 08 LHDRAEBMyl axes ARD sypd on the
area of the first shield 460 exposed by the patterning of the AFM back edge

494. The PLABEAy Ay St petBi PnfdIRe:. OhsMondith NAYVIERG. 25 Nhckngse 10 the

range of about

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.
At least one slider 313 is positioned on the disk 312, each
slider 313 supporting one or more magnetic read/write heads 321

where the head 321 incorporates the MTJ sensor of the present



A, or alternatively, may be fornmed of a sub-layer of N -Fe having a
t hi ckness in the range of 20-50 A and an interface |ayer of Co i a

t hi ckness of about 5 A deposited on the N Fe subl ayer. The tunngﬁybygiizgaz '
| ayer 415 is formed of A1203 by O depositing and then plasma oxidizing an
8-20 A alum num (Al) |ayer on the pinned | ayer 420. The ferromagnetic free
| ayer 410 may be formed of Ni-Fe having a thickness in the range of about O
20-50 A, or alternatively, nay be fornmed an interface layer 0 of Co

having ajhbeskigss ab ahoudidks rdepes)t exk Qi fdwe BuBNeh Mevdd eadiayey 415
and a sub-layer of N -Fe having a thickness of 03J UL 2002 - ~?1

about 204R0ahq SAPRYELCHhONILdIE LR rhBb e8I ACH [tAMR! thdNBesdP J21l aner 405
formed of Ta having a thickness of about 50 A is deposited on the free

layer 41Qqc4sPhotHesshst pJ;f?/fcsnsi SrdeRgsiied vgﬁxfeh%esépeaaa/aega 4Q5 and

phot ol i t hography and 1on" mlli1ng processes we known 1n the art may be

used to_defthiged he dankspdaer 43 agdat beoantidlar a0t oR: db%,0f suBeni)

sensor stripe 403. e Insulator |ayer 4 can now be deposited on

exposed o) f LN l.ayer, 420 i e ar j e tripe
back edgg‘g%éz 0 3 shlBRBLINE gy Pind %‘ééﬁe’it%ému r?(ishggg{r’éﬂersterg}‘u c?nlYgl—%Rg4, 466.
The insulator |ayer 450 is fornmed, of A1203 r depositing,and then plasma
ox1 di 21 PG AR ARCRR) DTSR Thay PhEte (1A% ARBSE SR ppP Ot Tk SV TaGRal (o
the total fhickness of the MIJ sensor active layers in the central region
462, The Bfior G SCOHREEEATHG Ind oM SLHEbIE LB BECHOST OF hen TPEmDved
and the second shield 461 of N -Ee (permalloy) having a thickness in the
range of 2§hBAtOBFF0-OUN0IA T8 -dSpBert BY dnvdife SopdsBat I &isor T8eri pe
403 and on the insulator.|ayer 450. The second shield 461 nakes el ectri cal
cont act t6Mt AERIEESTd 2eFeet i dE2vithen 13 el %St FeARGReEi Bl kdetP810 i s

separated fromthe second shield 461 b% the thin cap | ayer 405 to break 0
3 J UL 9ppection and speed of the coll movements being controlled by the

motor current signals supplied by a controller 329.

During operation of the disk storage system, the rotation of
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 lift 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
by a small, substantially.constant spacing during normal

operation.



- 22 magnetic coupling between the free | ayer 410 and the second shield
61. Fig. 5a shows an ABS view of an MIJ sensor 500 accordingltgsﬂffther
%nbodinent of the present invention. This enbodi nent only dif loiL
nbodi ment shown in Figs. 4a and 4b in having the seed | ayer 440 and the
AFM | ayer. 430 extend over the first shield (S1) 460 in the end regions 464
and 466 as well as in the central region 462. Since the AFM | ayer 430 is
made of an electrically insulating AFMnterial, such as NNO, the AFM | ayer
430 in the endThegivansoddompohieptovoflesheeldatk statagasaytsttenonrbet ween t he
first shield (S1) 460 and the second shield (S2) 461 which together with
t he i nsul aidmgoiagar id5Ebdur=pent Byetestroalignhast jage befae ey Sheand S2.
The structure at the back edge of the MIJ sensor and the nethod of making
el ectri calcermroactingt 32¢, Ppusheds! ayees42britaciheifhabd &id a@hndefhid) 460 to
provi de a sensing current path may be the same as shown in Fig. 4b for the
preferred anadisigRL18! ., B)dianati, vehy, comrdiavait hg2stddngdilse sandgoet hod
of making electrical contact shown in Fig. 5b. Fig. 5b shows the

Cross-sectidgit @h a0rMlJt$ensQragdOcReppest GUkatrbprébesARS aggarding to
yet anot her enbodi nent of the present invention. In this enbodi nent, the

seed 'ayerccf}ﬂ:%qnqnwesfﬂﬂzér@f%eé3eoﬁ€p&§istig#.aqe thecdid 1 SAirgbds(S1)
ext end 03J UL 2002 - 23 away fromthe ABS over the first shield (S1).

Si nce the ﬁ{g\éeknaxsgglvsléggogépsfﬁﬂgg 82}'11% %goirc@ohxrwsyifﬁéw omaﬁ%ieas%ait

is necessary to p or the sensing current t o~bypass the AFM

| ayer 430 AN 0 baw | e A SELLOBRELPETMIGULAT of 0y Ll dgupnelar i er

| ayer 415 € sensing current 1 ow y formng an

openi ng (vi.a) 496 Lhough, £ e AFYbLAYEL, 430 .o PLLAL 18 LIS AEDQSELL 00, O

the_pinnedeayer over e ayer e via I'n the
e o o S e bl RSB O oA P IS e
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. 3b shows a cross-sectional schematic view of the
read/write head 321 embodying the present invention which

includes an MTJ read head portion and an inductive write head

portion. The head 321 is lapped to form an ABS. The read head



420 is deposited on the AFM | ayer 430 and on the area of the first shield
(S1) 460 exposed by the'via 496 through the AFM | ayer 430. The plnned Iayer
420 makes electrical contact to the first shield (S1) 460 throl

496 providing a path for the flow of the sensing current IS fron1th |rs
shield ($1) 460, into and along the plane of the pinned | ayer, and
transversely through the tunnel barrier |ayer 415 and the free layer 410 to
the second shield (S2) 461. The insulating | ayer 450 deposited over the

pi nned | ajeeludes FaydAd seesdll B4 dippobed aipend §2rpt cvidesecehdct ri cal

i solation between the first and second shields 460 and 461 and prevents the
sensi ng cehield fayemssBUnéndgSar oandihbeldfiheseapoiageri@e i408ispobed J UL
2002 - 24 Aternatively, AFM Il ayer 430 nay be nade of an a-Fe203/ N O

bi | ayer tbpetwdsn aaiee fiilret Midd seytom 400e hd clorydingg StLoahdeSDriesehie i nventi on.
Whil e the present invention has been particularly shown and described with
r ef er encertgidshavaeifepbmethedmdisergbe, | TheMwditleeheadeiséloadksby those
skilled in the art that various changes in , formand detail my be nade

wi t hout degestiQid em Lheubdtidrd layeopeNanth ictaahiengigboddie betwerhi on.
Accordingly, the disclosed r invention is to be considered nerely as

i |l ustrat ineusdhdn malyedsi INBcope 108! yhash spesi fineduicn, tdes@prended cl ai ns.
03J UL 2002 25 W claim 1. A magnetic tunnel junction (MIJ) sensor,
conpri si ngetwesSivsat andaséddrsd poheepile¢&d )piofaridereomagngdp Q ayetrechal
formed on the substrate;

is disposed between the first and second pole pieces Pl, P2 for

providing a magnetic write gap at their pole tips adjacent to the

ABS. The combined read/write head 321 shown in Fig. 3b is a

"merged” head in which the second shield layer S2 of the read

head is employed as a first pole piece Pl for the write head.

Fig. 4a 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 end regions 464 and 466
separated from each other by a central region 462. The active
region of the MTJ sensor 400 is an MTJ sensor stripe 403 formed
in the central region 462. The MIJ sensor stripe 403 has a
generally rectangular shape with two opposite side edges 407, 408
and a back edge (not shown) opposite to a front edge 491 at the

ABS. The MTJ sensor stripe 403 comprises a first electrode 404,

a second electrode 402 and a tunnel barrier layer 415 disposed



a magnetic tunnel junction (MIJ) sensor stripe fornmed on said first shield,
the MIJ sensor stripe having a generally rectangul ar shape an ﬁﬁuﬂtﬂ[ s
opposite side edges, a back edge and a front edge, said MIJ sensor stri )
conprising: an antiferromagnetic (AFM |ayer of electrically insulating
anti-ferremagnetic material; a pinned |layer of ferromagnetic material in
contact with said AFM | ayer, said pinned,ayer making electrical contact
with said first shield; a free layer of ferromagnetic material; a tunnel
junction belegerofthel ddrst caldqtdodeukdi arp ndieeseapndi slsiapdsedPRen sai d
pi nned and free | ayers; a second shield (S2) of ferronmagnetic materi al
formed onThedfirstc@lieatrode t404 aiothphides enguimnstr Lpeer ARP, a@ 3F¥ U L 2002
_z~_an insulator layer forned on the first shield on opposite sides of
said MIJ sepsor4a3d,rigpe ansesd 1saied pdonewhd my ehebpynined tlhweydraakoetige of
said MIJ sensor stripe, said insulator |ayer separating said first shield

and sai d gi#&peshd aevebh oS aithneaceadr &t elaier2415hendhes @isoLagsxr eci ted
inclaiml, wherein said AFM | ayer is nade of NNO 3. The MIJ sensor as

recited ip3¢lfdnthe WA iV SUFd 1BSHE 3pOSed BRIk MREGGet128)erd4. The
MIJ sensor as recited in c¥a|n11, wherein said first shield is nade of

N -Fe. 5. ,3pe, M Eeragh 24 doed IrReCL@bdNdl e19BELELS S8 LoRpePBdsshiel d
is made of Ni - Fe. 031 L 200Z a .27 6. The MIJ sensor as recited

inclaimg,d Ufatebeeﬂ 498MBES Sd Nk 3aSk@N2b5 IGHRGOkhe A FA MBI SALHCEST OF
provi ding a sensing current:
disposed between the tunnel barrier layer 415 and the cap layer
405.
The AFM layer 430 is exchange coupled to the pinned layer
420 providing an exchange field to pin the magnetization
direction of the pinned layer 420 perpendicular to the ABS. 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.

In the preferred embodiment of the present invention, the
MTJ sensor stripe 403 is formed in the central region 462 over a
first shield (S1) 460. The first shield 460 is a layer of soft
ferromagnetic material such as Ni-Fe (permalloy), or
alternatively Al-Fe-Si (Sendust), deposited on a substrate 401
and extending over the central region 462 and the end regions 464

and 466 to provide magnetic shielding of the MTJ sensor from



a first electrical connection for connecting said first shield to the
current source and to the signal detector; and . a second el ecfrical
connection for connecting said second shield to the current sobr d

the signal detector; said first and second shields providing electrica

| eads for sensing the electrical resistance to the sensing current flow ng
perpendi cularly through the tunnel barrigr _|ayer and the free layer, said
sensing current fl ow ed from shun arou sapLd M Sensor stripe
by a4 | HeErRone B SYSTOSE i TodhgteF atied AB0ct re Mkt e e o
said AFM | ayer is made of a-Fez03/ N i sk drive system conprising:
a magnet | ¢n ‘éﬁﬁjd?%é‘aﬂ%kalas%r?ét IAS%uﬁﬁeFOfTﬁﬂ:tﬁnoﬁ Fl\%ﬁ‘? NS for
sensing magnetically recorded data on said magnetic recordi ng di sk, said
VD sensof SAcRst (466ngnd behing (Iherdeskosige SbdrealiBy ao1I95 OtIPEI d ( S1)
of ferromagnetic material forned on the substrate; a magnetic tunnel
junction 8FI) Aaesendsshipkd f Gihed6dncfheofy (ierroppanetie matwriadensor
stripe having a generally rectangul ar shape and having two opposite side
edges, a feah asidh-died arfabmrrsdgoelyabt-fMrBisedsofosmed pm ddvepri si ng: an
antiferromagnetic (AFM |ayer of electrically insulating antiferromagnetic
mat eri al ; insplatived layger 459 fmrthonmwgderegions dfdalnind6omrattovsict kheai d AFM
| ayer, sai d pi nned | ayer making electrical contact with said first shield,
a free | ay&d sdndogr samagaedd irattdve gbptaal wmediwmndb2f unction | ayer of
electrically insulating material disposed between said pinned and free

| ayers; a secanidy.shlbelstioyS2)hofcfers-araghet i ef nmieeMral séosarediodn and in
contact with said MIJ sensor stripe; and an insulator |ayer forned on the
first shipkfpamioppesi te shdesBof FaedMBFIseensorststipbpsoRhom Fabdtpi nned
| ayer beyond the back edge of said MIJ sensor stripe, said 0 3 JuL 200z -
29 insul atg¢ 4qyer: sapanBti gy SAitdnbi kgt asdy edrdmandesans fu medck

edge 492 defined by the back edges of the tunnel barrier layer
415. Because the AFM layer in the MTJ sensor of the present
invention is formed of electrically insulating material, it is
necessary to provide a path for the sensing current to bypass the
AF¥M layer 430 and to flow perpendicular to the tunnel barrier
layer 415. The path for sensing current flow is formed by
patterning the AFM layer 430 to define an AFM back edge 494
significantly further away from the ABS than the MTJ sensor
stripe back edge 492 and then depositing the pinned ferromagnetic
layer 420 over the AFM layer 430 and over the exposed region of
the first shield 460 further away from the ABS than the AIM back

edge 494. The AFM back edge 494 may be patterned to be in the



| ayer fromsaid second shield: an actuator for noving said MIJ sensor
across the magnetic recording disk so the MIJ sensor may acces dlfferent
regi ons of nmagnetically recorded data on the magnetic recordidﬁ z Bza
recordi ng channel coupled electrically to the MIJ sensor , for detectl g
changes in resistance of the MIJ sensor caused by rotation of the

magneti zation axis of the free ferronmagnetic |ayer relative to the fixed
magneti zati on of the pinned layer in respénse to magnetic fields fromthe

magnet i cakbygéesoraedodat drofet die Hiagk febhVens e ihaser €6é erl isengbai m 8,
wherein , sald AFM | ayer is made of NNO 10. The disk drive system as

recited i Btehps Mk \WMaRELeED2SPs brl RS WHaLE! 0l 8YiRIciche®BES a1k thé. The
di sk drive system as reC|ted in claim8, wherein said first shield is nmade

of Ni -Fe. T i i I ; i
second shleﬁd |§ﬁﬂ£ gEk¥§F§yégf§?%§%JBQEEO%%r}ﬁ§%fq?g]§%H§“§f§¥@&§?ve

System as o,eebh @r&’naE 81 s GREL1 50488, SIRY: afiaSh tﬁia%t?a {?é 8t

(&I
current source ? provi ding a sensing current; a irst electr

connect | Oﬁh%ege é‘ci‘ef;'r? 9438 dafd W.%{an%%?'sgﬁ/ M!a"u %“EBS”Eur?r?é‘f G2, 30d, 0

t he signa a~sécond electric connecti on for conhnecting said
second shiel d t Lrent so rce Q e SI t d first
and secon(]l‘ ¥F‘|Feﬁj§ \l'}hﬁl ﬁe SFS %gl% F aég gngﬂ hgéle'l e threl cal’
resistance to.the s nS|ng rrent flown endlcu

tunnel barPPRIETHyR I Sied ARE FFReed Cafk PVEEaTaS deny ¥Feﬂ%5’

prevent ed fron1shunt|ng around said MrJ nsor strlpe b sai d Jnsulator

| ayer. 14hendTdmernsatsFrage sk &f9en 43EaPﬁ?‘81d%@r18Fr¥1r§%‘i’ﬁ Nﬂ\%qté)? is
made of a-Fe, 03/ Ni O 0 3 JUL 2002 31 15. A magnetic _tunnel junction (MIJ)
sensor, cBRBVERR nghe £igssapdt 8econg shieldni 469 %Q?:fsf BPdf%¥?ﬁﬁﬁﬁhé ec

naterial forned on the substrate,;
sensing current from shuntlng around the MTJ sensor stripe 403.

Since the sensing current flows in the plane of the pinned layer
420, its magnetic field may be used to achieve a stable magnetic
state in the free layer 410.

Referring again to Fig. 4a, the first and second shields 460
and 461 provide electrical connections for the flow.of the
sensing current Iz from a current source 470 to the MTJ sensor
stripe 403. A signal detector 480 which is electrically
connected to shields 460 and 461 senses the change in the
resistance due to changes induced in the free layer 410 by the
external 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 MIJ sensor stripe having a generally rectangul ar shape and CP
opposite side edges, a back edge and a front edge, said front edge |ocate
‘at an air bearing surface, said MIJ sensor stripe conprising: an

antj ferr.omagnetic (AFM |ayer of electrically insulating antiferromagnetic
material; a pinned | ayer of ferromagnetdi ggnaterial in contact wth said AFM
| ayer, said pinned | ayer making electrical contact with said first shield;
a free | ayer difretetonnefneignetdabetomlof & hieupdahed uhataod20aybicinfis
electrically insulating material disposed between said pinned and fl ee

| ayers; grereeaslyhpehsed $Drpehdleslsmragnathiec ABBL eriied Signarddeteatst i n
contact with said 'MIJ sensor stripe; and an insulator |ayer fornmed on the

first shigdgd 2RraPBOS) tHrnIdRS af a8qi thiMik0A3AE ShdrMe andnhoAssai d pi nned
| ayer beyond t he back edge of said J sensor stripe, said insulator |ayer

separ at i gL 5314 Ehgﬁéné@ir@aﬂg@&d1§ﬁéﬂirmcm1q@my%héﬁm sl dsSerang &hi el d.

16. The J sensor as recited 1n claim 15, wherein said AFM | ayer i s nade

of NQO I, Eh%kweéemoahea%&eskt&&éﬁ RisMoESye MhEERIA $8EErdfsy! at or

Iayer is nmade o A;203. 18. The MIJ sensor as recited in claim15, wherein

said fi rséd‘xaﬁme‘i:sdshéh n@éj%]e%fk NetE8t or %a%ciﬁ:u%l%?ggiﬁt?odlzzha-ﬁﬂélw J mensor
shield e 0

as recited In clam1l5, erein sald secon IS m of N-Fe. 2

The MIJ senson ascLECOE Sfbd Rashal it fuRes fdHHCEEE8PL ] Y Qﬂfrcﬁi?:kgé@l

detector; @ current source for providing a sensing current; a first
Coctr b . ( g a: i .

Cour ce. and' T g BPoRT A6l LBg A PRke g D R EE Fon for

connect i ng, pahd secent Sisl dobasLheo o rall aucqeand. oo Lhenshoos!

detector; said first and second Shie provi ding el ectrical

sensi ng t%‘eé% &abihecal Erﬁﬁgestsq(qggﬁgoiﬁ t}g;nes%lr}sti_ng current flow ng

per pendi c y through the tunnel barrier lTayer and the free | ayer, said

sensi ng curr eqt of oW BLAVSNtRR fL9Mhs hen g :a0uRda S ghdEb sensor stripe

by said insulator [|ayer.

a magnetic tunnel junction (MIJ) sensor stripe fornmed on said fkgétszL6|d’
i o0 L V2002

sputtering or an ion beam sputtering system to deposit
sequentially the multilayer structure shown in Figs. 4a and 4b.
The first shield (S1) 460 of Ni-Fe (permalloy) having a thickness
in the range of about 5000-10000 A is deposited on the substrate
401. The seed layer 440, the AFM layer 430, the pinned lavyer
420, the tunnel barrier layer 415, the free layer 410, and the
cap layer 405 are sequentially deposited over the first shield
460 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 seed layer 440 is a layer deposited to

modify the crystallographic texture or grain size of the



21. The MIJ sensor as recited in claim15, wherein said AFM | ayer is nmade
of a-Fe203 /Ni O 22. A magnetic tunnel junction (MIJ) sensor, conprising: a
substrate; a first shield (S1) of ferromagnetic materi al forneﬁ:gnjtﬂg 902
substrate; a magnetic tunnel junction (MIJ) sensor stripe fornmed on sai
first shield, the MIJ sensor stripe having a generally rectangul ar shape
and having two opposite side edges, a back 0 3 ~UL 2002 33 edge and a
front edge, said front edge | ocated at ~afP air beari ng surface (ABS), said
MIJ sensokubbégpentt Ogidrsi, Nngnd atlanidtf eer apagedtdapeplEhNYy dmyete of
electrically insulating antiferromagnetic material, said AFM | ayer having a
front edgaagbride MBIMNGuBsbge&nedgs drurt DEruesdymrhioe sABS 1dgdr saiydbback
edge of the MIJ sensor stripe; a pinned | ayer of ferronmagnetic material in
contact wirbhmeai 6t ARMdayer (Taf) Gz Pdvhadn ayeyf, exoxedi-ngoh uliihere)f,r e t he
ABS than said back edge of the AFM | ayer, said pinned | ayer making

el ectri cahlgontstiny bhcadbdnddd Ir sbbakd3ons@ A egitae Asmt hefed rqam t he ABS
than said back edge of the AFM |l ayer; a free |ayer of ferromagnetic

material ;| 3 -hEANet WA GHARq! 8VEE 1 HfnlL Bk hEaht YidoRsdbahi B9 AR iitdld
di sposed between said plnnea and free layers; a second shield ('S2) of

ferromagnell engnl&dd alayedl 4RY B) AU ddriagNbaTIc ML Rasgbd Mensor

stripe; and an insulator |ayer Torned on the first shiéeld on opposite si'des

of said Mplosensgroptd 1,08 cRde 0gasaiithpiinBedab sty dup) ongnd hembagioeadge of

said MIJ Sensor stripe, said inSulator |layer separating said first shield

and said gpkRN sai Lel . ~Eh
oci tad i B0NEE bSOy BhOSPOINEAPh! fo derinETEnT AR Ao,

| ar 22, iie: WiT'ayer IS ade of 'N G247 he
ai200. 2549 i rcBithEt o AT 50T, k291 R T bE THEAR 1 1 o

I's made OﬁabgiFEBO a&%:%thHeLa%ggzaf the first shield 460 exposed by the

patterning of the AFM back edge 494. The pinned layer 420 may be
formed of Ni-Fe having a thickness in the range of about 20-50
A, or alternatively, may be formed of a sub-layer of Ni-Fe
having a thickness in the range of 20-50 A and an interface
layer of Co having a thickness of about 5 A deposited on the Ni-~
Fe sublayer. The tunnel barrier layer 415 is formed of Al,0, by
depositing and then plasma oxidizing an 8-20 A aluminum {Al)
layer on the pinned layer 420. The ferromagnetic free layer 410
may be formed of Ni-Fe having a thickness in the range of about
20-50 A, or alternatively, may be formed of an interface layer
of Co having a thickness of about 5 A deposited on the tunnel

barrier layer 415 and a sub-layer of Ni-Fe having a thickness of



34 26. The MIJ sensor as recited in claim22, wherein said secmga SJI‘IUTJ% bi
made of N -Fe. 27. The MIJ sensor as recited in claim?22, furt 0
conprising: a signal detector; a current source for providing a sensing
current; a first electrical connection for connecting said first shield to
the current source and to the signal detector; and a second el ectrical
connection for connecting said second shield to the current source and to
the signal detector; said first and secohd-shi el ds providing electrical

| eads for 3gnsi ne-theA edgdiicedl ohCEASI@NGRLELrhBE ARSI NgTREr EgAt flowi ng
per pendi cul arly through the tunnel barrier layer and the free | ayer, said

Sensi ng curdeit 4hb ¥k KLY o @d hapMs WhHiBEn8s0UsE SRjud KBJASegsor stripe
by said insulator |ayer. 28. The MIJ sensor as recited in claim22, wherein

said AFM Ioge?b Isik8q Mede fq,e-ngéggr/M(p‘é %‘?F&é‘igﬁ‘?ﬁ%ﬂ ?@5’%92?% junction

(MrJ) sensor, conprising: a su rate, ferromagnetic
material fprned _on the.substrate; a net | nel junetion.(MJ) sensor
stripe f orq%é’&s&ﬁeé]a?r&letrl’}er ﬁapsﬁfig?ﬁ, 4@%%?%8%25&%4%@3 %ggi %%_n a
general ly rectangul ar shape and having t opposite side edges, _a back edge
and a froftiiddde, PEaFes T9bHE TedbBOYD O diFeaf TRnTaY PHARErng s F % FRES)
said MIJ sensor strige conprising: 0 3 ~UL % 02_35 an %ntiferroq? netic
(AFM) | aye2csr e8pect?? A9 yFhensSalardhd saters 8PF ok PE I8P BPPRI St SR8 AFM
| ayer having a front edge at the ABS and said AFM | ayer extending away from
the ABS o 'said first shield, said AFM | ayer havi ng an opening (via)
through the AFM | ayer in a region further fromthe ABS than said back edge
of the MIJ sens&Pesipsp@tor JrMRBA4FAYEAN SOV BRr PR CRatBE | 2fPYSed
contact with said AFM | ayer, said pinned | ayer naking electrical contact
wi th sai d BFagtdensaf ethe tthineegh 1388 Henitnghevpaga the thReMAEM RS a
free | ayer of ferromagnetic materi al;

back edge 492 and on the first shield (S1) 460 in the end regions

464, 466. The insulator layer 450 is formed of Al,0; by

depositing and then plasma oxidizing an aluminum (Al) layer

having a thickness approximately equal to the total thickness of

the MTJ sensor active layers in the central region 462. The

photoresist protecting the MTJ sensor stripe 403 is then removed

and the second shield 461 of Ni-Fe (permalloy) having a thickness

in the range of about 5000-10000 A is deposited on the exposed

MTJ sensor stripe 403 and on the insulator .layer 450.

The second shield 461 makes electrical contact to the second

electrode 402. The free ferromagnetic layer 410 is separated

from the second shield 461 by the thin cap layer 405 to break



a tunnel junction layer of electrically insulating material disposed

bet ween said pinned and free |ayers; a second shield (S2) of fer et A
material formed on and in contact with said MIJ sensor stripe; &LSHSEJEIZﬂDZ
insul ator layer fornmed on the first shield on opposite sides of said MIJ
sensor stripe and on said pinned | ayer beyond the back edge of said MIJ
sensor stripe, said insulator |ayer separating said first shield and said
pi nned | ayer from said second shield. 30.22The MIJ sensor as recited in

cl ai m 29, mdmnadiiies sabdliMbedyerni sheratieesflayied, 430, amhahersesendor as
recited in claim?29, wherein said insulator |ayer is made of A1203. 32. The
MIJ sensorstaelrdediéled in claim?29, wherein said first shield is nmade of
Ni - Fe. 33. The MIJ sensor as recited in claim?29, wherein said second
shield i s nmade mdlg.NsaFghows an3 ABSLv280 20 8GB3MTIThendfd snsercoagdingctded in
claim?29, further conprising: a signal detector; a current source for

provi di ng an&enRs Bebedim& o thel fresé@Etimvaal i6aNNerti PrRudvREigeANECt | NG
said first shield to the current source and to the signal detector; and a
second el egd1y Galrreepnessh ahd @mbeannest i Sibweriid segondishirel 4ot nt he
current source and to the signal detector; said first and second shiel ds

provi di ng Gl ithdl sbeAUBa ¥ 438NShAG R AR Q6LERCRE0 rS]IHARGR T Pnd he
sensing current” flow ng perpendicularly through the tunnel barrier |ayer:

and the freedaustioraldh oty N9 CHET S KT QMRS dgemoohunti ag

around said MIJ sensor stripe by saird insulator |ayer. e MIJ sensor

"5 Wy U RN SO e oM el 0 RERON S
ﬁ%ﬁﬁﬁf%Zi)é%ﬁﬁﬁ%#&?@%@ﬁ}é%ﬁ%é%#@?i?ch% %%:%%'c§§fgﬂﬁf8¥5’car§% gg]%% %Ra]ca]
ca] ca] ca] cpdgalciakeah s AlsaCakhcalsa\d £ ACal 68 feal 1r¥udat Tok
between the first shield (S1) 460 and the second shield (S2) 461
which together with the insulating layer 450 prevents electrical
shorting between S1 and S2. The structure at the back edge of
the MTJ sensor and the method of making electrical contact of the
pinned layer 420 to the first shield (S1l) 460 to provide a
sensing current path may be the same as shown in Fig. 4b for the
preferred embodiment or, alternatively, may have the structure
and method of making electrical contact shown in Fig. 5b.
Fig. B5b shows the cross-section of an MTJ sensor 510
perpendicular to the ABS according to yet another embodiment of

the present invention. In this embodiment, the seed layer 440

and the AFM layer 430 deposited on the first shield (S1) extend
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in scope only as specified in the appended claims.
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We claim:

1. A magnetic tunnel junction (MTJ) sensor, comprising:

a substrate;

a first shield (S1) of ferromagnetic material formed on the substrate;

a magnetic tunnel junction (MTJ) sensor stripe formed on said first shield, the MTJ
sensor stripe having a generally rectangular shape and having two opposite side edges, a back
edge and a front edge, said MTJ sensor stripe comprising:

an antiferromagnetic (AFM) layer of electrically insulating antiferromagnetic material,

a pinned layer of ferromagnetic material in contact with said AFM layer, said pinned
layer making electrical contact with said first shield,

a free layer of ferromagnetic material;

a tunnel junction layer of electrically insulating material disposed between said pinned
and free layers;

a second shield (S2) of ferromagnetic material formed on and in contact with said MTJ

sensor stripe; and
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an insulator layer formed on the first shield on opposite

sides of said MTJ sensor stripe and on said pinned layer beyond

the back edge of said MTJ sensor stripe, said insulator layer

separating said first shield and said pinned layer from said

second shield.

2. The MTJ sensor as recited in claim 1, wherein said AFM

layer is made of NiO.

3. The MTJ sensor as recited in claim 1, wherein said

insulator layer is made of Al,0;.

4. The MTJ sensor as recited in claim 1, wherein said

first shield is made of Ni-Fe.

5. The MTJ sensor as recited in claim 1, wherein said

second shield is made of Ni-Fe.
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a first electrical connection for connecting said first
shield to the current source and to the signal detector; and

a second electrical connection for connecting said second
shield to the current source and to the signal detector;

‘ said first and second shields providing electrical leads for
sensing the electrical resistance to the sensing current flowing
perpendicularly through the tunnel barrier layer and the free
layer, said sensing current flow prevented from shunting around

said MTJ sensor stripe by said insulator layer.

7. The MTJ sensor as recited in claim 1, wherein said AFM

layer is made of o-Fe,0,/NiO.

8. A disk drive system, comprising:

a magnetic recording disk;

a magnetic tunnel junction (MTJ) sensor for sensing
magnetically recorded data on said magnetic recording disk, said

MTJ sensor comprising:
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an antiferromagnetic (AFM) layer of electrically insulating antiferromagnetic
material;

a pinned layer of ferromagnetic material in contact with said AFM layer, said
pinned layer making electrical contact with said first shield;

a free layer of ferromagnetic material; and

a tunnel junction layer of electrically insulating material disposed between said
pinned and free layers;
a second shield (S2) of ferromagnetic material formed on and in contact with said MTJ

sensor stripe; and

an insulator layer formed on the first shield on opposite sides of said MTJ sensor stripe

and on said pinned layer beyond the back edge of said MTJ sensor stripe, said
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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
i layer relative to the fixed magnetization of the pinned layer in

response to magnetic fields from the magnetically recorded data.

9. The disk drive system as recited in claim 8, wherein .

said AFM layer is made of NiO.

10. The disk drive system as recited in claim 8, wherein

said insulator layer is made of Al,0;.

11. The disk drive system as recited in claim 8, wherein

said first shield is made of Ni-Fe.

12. The disk drive system as recited in claim 8, wherein

said second shield is made of Ni-Fe.
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a signal detector;

a current source for providing a sensing current;

a first electrical connection for connecting said first
shield to the current source and to the signal detectoyr; and

a second electrical connection for connecting said second
shield to the current source and to the signal detector;
said first and second shields providing electrical leads for
sensing the electrical resistance to the sensing current flowing
perpendicularly through the tunnel barrier layer and the free
layer, said sensing current flow prevented from shunting around

said MTJ sensor stripe by said insulator layer.

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

layer is made of o-Fe,0,/NiO.
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a substrate;

a first shield (S1) of ferromagnetic material formed on the substrate;

a magnetic tunnel junction (MTJ) sensor stripe formed on said first shield, the MTJ
sensor stripe having a generally rectangular shape and having two opposite side edges, a back
edge and a front edge, said front edge located at an air bearing surface, said MTJ sensor stripe
comprising:

an antiferromagnetic (AFM) layer of electrically insulating antiferromagnetic material;

a pinned layer of ferromagnetic material in contact with said AFM layer, said pinned
layer making electrical contact with said first shield,

a free layer of ferromagnetic material;

a tunnel junction layer of electrically insulating material disposed between said pinned
and free layers;

a second shield (S2) of ferromagnetic material formed on and in contact with said MTJ
sensor stripe; and

an insulator layer formed on the first shield on opposite sides of said MTJ sensor stripe

and on said pinned layer beyond the back edge of said MTJ sensor stripe, said insulator layer

separating said first shield and said pinned layer from said second shield.
16. The MTJ sensor as recited in claim 15, wherein said AFM layer is made of NiO.
17. The MTJ sensor as recited in claim 15, wherein said insulator layer is made of Al;O;.

18. The MTJ sensor as recited in claim 15, wherein said first shield is made of Ni—Fe.
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19. The MTJ sensor as recited in claim 15, wherein said second shield is made of Ni—Fe.

20. The MT]J sensor as recited in claim 15, further comprising;:

a signal detector;

a current source for providing a sensing current;

a first electrical connection for connecting said first shield to the current source and to
the signal detector; and

a second electrical connection for connecting said second shield to the current source
and to the signal detector;

said first and second shields providing electrical leads for sensing the electrical
resistance to the sensing current flowing perpendicularly through the tunnel barrier layer and the
free layer, said sensing current flow prevented from shunting around said MTJ sensor stripe by

said insulator layer.

21. The MTJ sensor as recited in claim 15, wherein said AFM layer is made of
Ot-F6203 /NIO
22, A magnetic tunnel junction (MTJ) sensor, comprising:

a substrate;

a first shield (S1) of ferromagnetic material formed on the substrate;
a magnetic tunnel junction (MTJ) sensor stripe formed on said first shield, the MTJ

sensor stripe having a generally rectangular shape and having two opposite side edges, a back
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stripe comprising:

an antiferromagnetic (AFM) layer of electrically insulating antiferromagnetic material,
said AFM layer having a front edge at the ABS and a back edge further from the ABS than said
back edge of the MT]J sensor stripe;

a pinned layer of ferromagnetic material in contact with said AFM layer, said pinned
layer extending further from the ABS than said back edge of the AFM layer, said pinned layer
making electrical contact with said first shield in a region further from the ABS than said back
edge of the AFM layer;

a free layer of ferromagnetic material;

a tunnel junction layer of electrically insulating material disposed between said pinned
and free layers;

a second shield (S2) of ferromagnetic material formed on and in contact with said MTJ
sensor stripe; and

an insulator layer formed on the first shield on opposite sides of said MTJ sensor stripe
and on said pinned layer beyond the back edge of said MTJ sensor stripe, said insulator layer

separating said first shield and said pinned layer from said second shield.
23, The MTJ sensor as recited in claim 22, wherein said AFM layer is made of NiO.
24, The MTJ sensor as recited in claim 22, wherein said insulator layer is made of Al;Os.

25. The MTJ sensor as recited in claim 22, wherein said first shield is made of Ni—Fe.
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a signal detector;
a current source for providing a sensing current;
a first electrical connection for connecting said first shield to the current source and to
the signal detector; and
a second electrical connection for connecting said second shield to the current source
and to the signal detector;
said first and second shields providing electrical leads for sensing the electrical
resistance to the sensing current flowing perpendicularly through the tunnel barrier layer and the

free layer, said sensing current flow prevented from shunting around said MTJ sensor stripe by

said insulator layer.

28. The MTJ sensor as recited in claim 22, wherein said AFM layer is made of
a-Fe;03 /NiO.
29. A magnetic tunnel junction (MTJ) sensor, comprising:

a substrate;

a first shield (S1) of ferromagnetic material formed on the substrate;

a magnetic tunnel junction (MTJ) sensor stripe formed on said first shield, the MTJ
sensor stripe having a generally rectangular shape and having two opposite side edges, a back
edge and a front edge, said front edge located at an air bearing surface (ABS), said MTJ sensor

stripe comprising:
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a free layer of ferromagnetic material;

a tunnel junction layer of electrically insulating material disposed between said pinned
and free layers;

a second shield (S2) of ferromagnetic material formed on and in contact with said MTJ
sensor stripe; and

an insulator layer formed on the first shield on opposite sides of said MTJ sensor stripe
and on said pinned layer beyond the back edge of said MTJ sensor stripe, said insulator layer

separating said first shield and said pinned layer from said second shield.
30. The MT]J sensor as recited in claim 29, wherein said AFM layer is made of NiO.
31. The MTJ sensor as recited in claim 29, wherein said insulator layer is made of Al,Os.

32. The MT]J sensor as recited in claim 29, wherein said first shield is made of Ni—Fe.

33. The MTJ sensor as recited in claim 29, wherein said second shield is made of Ni—Fe.
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34, The MT]J sensor as recited in claim 29, further comprising:

a signal detector;

a current source for providing a sensing current;

a first electrical connection for connecting said first shield to the current source and to
the signal detector; and

a second electrical connection for connecting said second shield to the current source
and to the signal detector;

said first and second shields providing electrical leads for sensing the electrical
resistance to the sensing current flowing perpendicularly through the tunnel barrier layer and the
free layer, said sensing current flow prevented from shunting around said MTJ sensor stripe by

said insulator layer.

35. The MTJ sensor as recited in claim 29, wherein said AFM layer is made of

OL-F6203 /NiO.



