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& MAGNETI C TUNNEL JUNCTI ON HEAD STRUCTURE :
W TH | NSULATI NG ANTI FERROVAGNETI C LAYER BACKGROUND
OF THE | NVENTI ON 1. Field of the Invention This invention
relates in general to nagnetrc t unnel Junahron transducers for reading

information signals frog, Qﬁhh&i d REdl . to a
magneti c tunnel Junctlon sensor an eIe??rF%A?Iy |nsulat|ng
antiferromagnetic | ayer i ch incorporate
such sensorg g WIfgsg? leﬁtﬂgﬁgﬂ%@ﬂ&rﬁ%mut ers often

i nclude auxiliary nmenory storage devices having nedia on which data can be
witten and fromwhich data can be read for later use. A direct access
st-orage device (disk drive) incorporating rotating magnetic disks is
commonly used for storing d | di sk surfaces. Data
Is recorded on concentric, radially spaced tracks on the disk "~ surfaces.

MHgneti c heads including read sensors are then used to read data fromthe

tracks on the disk surfaces.
1. Field of the Invention

This invention relates in general to magnetic tunnel '
_ junction transducers for reading information signals from a
magnetic medium and, in particular, to a magnetic tﬁnnel junction
sensor with an electrically insulating antiferromagnetic layer,

and to magnetic storage systems which incorporate such sensors.

2. Description of Related Art

Computers often include auxiliary memory storage devices

having media on which data .can be written-and from.which-data-canuln:-

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
fecorded on conqentric, 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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- 2- « In high capacity disk drives, nmagnetoresistive (MR) read

sensors, commonly referred to as MR sensors, are the prevailing read
sensors because of their capability to read data froma surface of a disk
at greater, track and linear densities than thin filminductive heads. An
MR sensor detects a magnetic field throygh the change in the resistance of
its MR sensing layer (also referred to as an "MR elenent") as a function
of the strengthnandgdi E8siépry Aidiheirinegspt hegiddbrdsdisngvee®rRl byad he MR
| ayer. The conventional MR sensor operates on the basis of the

ani sot r opi GsJR@IRY, Oemmshlyerd AR Lithea MR ¥dhdrsgn M8 ehenphévailing

resi stance varies as the square of the cosine of the angle between the

magnet i zat i,y d Reh3® YR BLESRNM SNdHAS ehpssiioy afo reaasaatyr £Rsh 41 0w ng
t<hrough the MR el ement. Recorded #ata can be read froma magnetic nmedi um

because t hesdfﬁ@a%ren?alf aﬁsgﬁi | g Jiltd o t9atkhsnd ecQ<iad dangnetbs ARk Wi he

si'gnal fiel causes a ange 1n the direction of magnetization in the MR

el ement, #{}{lﬁ" iin%utc'ﬂﬁ@ec %c?ss azfrhg'fkg%ehgo{“e&é@ & mAghBeiMRegbegent and

a correspondi'ng change In the sensed current or voltage. Anot her type

Of MR Sensnlchghind! éﬂgng@gﬁgt@{eeﬁéemegﬁce(@/?ets;gk;gﬁggggb{ gsyeng the

GWR effect. SEensors; resi stance of ayer varies
as a_functleglég fé%%rred to as an "MR element™) as a function of the

strength and direction of the magnetic flux being sensed by the
MR layer.

The conventional MR sensor operates on the basis of the
anisotropic maghetoresistive (AMR) effect in which an MR element
resista;ce 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 bécause the external magnetic
field f;om the recorded magnetic medium (the signal field) causes
a’'change in the direction of magnetization in the MRhelement,
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. 1In GMR sensors, the

resistange of the MR .sensing layer varies as a function of the . =« -



spi n-dependent transm ssion of the conduction el ectrons between magnetic

| ayers separated by a non-magnetic | ayer (spacer) and the acconpanyi ng

spi n-dependent scattering which takes place at the interface of the
magneti ¢ and non-magnetic layers and within the magnetic |ayers. GWR
sensors using only two | ayers of ferronagngtjc material (e.g., N -Fe)

separated by a | ayer of non-nmagnetic mater] al é;. o cogggg% arebggnerally
referred to SRENsEeRePERE FOASIETHIDY SR &2 ?é}%ﬂﬂee C&f PRy Oetween
Fig. 1 shows a prior _art SV sensor 100.conprising end re%igns 104 and, 106
separ at ed bynagn@&ACr ARYREGi BRPANBLER LY AsPONTRRGRMEIghJEYET| AFBACEF b1 ed
to as a pinned layer 120, has its nagnetization typically fixed {pinned)
by exchange twugiccegpanyhng asp hinderandertghedteerimpywhigpetakes rlage at
magnetization of a second ferromagnetic |ayer, referred to as a free |ayer
110, is notthe dedexfidcesofrthe tagrsttdce an peRporEetis dRYeRaghRd | ¥1¥hi] d
fromthe recorded magnetic nmedium (the signal field). The free Ilayer 110
I S separ at ed-her ovaginkeé ipi hagersayer 120 by a non- magnetic, electrically
conducting spacer layer 115. Hard bias layers 130 and 135 forned in the
end regions 104 &NR $@6sorsecsping iordlyy twor baveles | ohdianigmaghebiasmateriale
free | ayer 110. ) '

(e.g., Ni-Fe) separated by a layer of non-magnetic material

(e.g., copper) are generally referred to as spin valve (SV)

sensors manifesting the SV effect.

Fig. 1 shows a prior art SV sensor 100 comprising end
regions 104 and 106 éeparated by a central region 102. A first
ferromagnetic layer, referred to as é pinned layer 120, has its
magnetization typically fixed. (pinned) by exchange coupling with
an antiferromagnetic (AFM) layer 125. The magnetization of a
second ferromagnetic layer, referred to as a free layer 110, is
not fixed and is free to rotate in response to the magnetic 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,

féspectively, provide longitudinal bias for the free layer 110.

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



Leads 14D and 145 forned on hard bias layers 130 and- 135, : -

-4- respectively, provide electrical connections for sensing the

resi stance of SV sensor 100. IBMs U S. Patent No. 5,206,590 granted to
Dieny ‘et at., incorporated herein by reference, discloses a GWR sensor
operating on the basis of the SV effect._ , . Another type of magnetic
device currently under devel gpnment is,a magnetic tunnel junctjon (MIJ).
devi ce. TheTRABCERWRE hBLoVigeeRLPEFTLGH} i CIMEGHOES LOReROPS 1214 % nd as
a magnetic field sensor. The MIJ device conprises-two ferronpgnetic |ayers
separ at ed byeaisrance eV iseasPry LRQul atBhF U-nn8RtBRENQr 549%1 r2%he
tunnel barrier layer is sufficiently thin that quantum nechani cal

tunnel i ng ofrahtedete Didnar etoadur slnepyrerptachdereinpohrghefeeeneBrers. The
t-unnel i ng process is electron spin dependent, which neans that the

tunnel i ng cdisehtsesrasMR Isenspunopevat tepemddhenbanés spf nthe phddfiect.
el"ectronic properties of the ferromagnetic materials and is a function of
the relative orAmsittesn diypef offhmagnghit i devinree ¢ugreot lyagnder Qgveippment
directions, of the two ferromagnetic |ayers. In the MIJ sensor, one
ferromagnetis 4 aymyndtaic ithmnedgienctiomnld)f idesdceor PhandTyy dewdice fas
other ferromagnetic |layer has its magnetic nonent free to rotate in
response t oparertizl regplimgidbne &sehdnémany tdedl and as a magnetic field

sensor. The MTJ device comprises two ferromagnetic layers
separated by a thin, electricallylinsulating, tunnel barrier
layer. The tunnel barrier layer is sufficiently thin that
quantum-mechanicél tunneling of charge carriers occurs between
the ferromagnetic layers. The tpnneling process is electron spin
dependent, which meéhs that the tunneling current across the
junction dgpends on the spin-dependent electronic properties of
the ferromagnetic materialéland is a function of-thé feiaﬁi&é
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
fotate 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

-



reéordi ng medium (the signal field). Wen an electric potential is applied
between the two ferrornmagnetic | ayers, the sensor

-5- resistance is a function of the tunneling current across the

insul ating layer between the ferromagnetic |ayers.- Since the tunneling
current that flows perpendicularly through the tunnel Dbarrier |ayer

depends on the,relative magneti zatiQ nig)i&r ecPions of % netic
| ayers, recOFEedtyAtR tuf &A™ Pg e e &8 P%rﬁ#\tl)\%%%cgsge {Ee
signal field capses a chan of direction of magnetization aof. the . free
| ayer, whi cﬁnF\’\f?'ﬁ’rW ]c%%{f's‘ggjeéfw@ﬁﬁnggei ep’égr,laﬁn;rqi(&g g?y?ﬁ%' I\/:i%msceens%lre and a
correspondi ng change in the sensed_current or_ vol ta&e. EBM stil t;11_18. Pat ent
No: 5, 650, 95BMBR IR LULF B ItRghef 18YS PSTPERHA G At EREPHIR ¢ At
herein by reference, discloses an MIJ sensor operating on thg, basi,s of tfhe
magnet i ¢t URRBFIERINEIYSR degrands; on the relative magpgtlzahi ol dingchjpps o
sensor 200 conprising a first electrode 204, a second el ectrode 202, and a
tunnel barrtlke ¥ugcferrompanpidcr LpYEral eEGYHED G2taoRPRi ResteADi T A ayer
(pinned ferromagnetic |ayer) 220, an antiferromagnetic (AFM .| ayer_ 230,
and a seed Mageetagrediym hepauses sheopignal Helgdichrayseayaroange iof i xed
t hrough exchange coupling with the AFM | ayer 230. The . )
_ direction of magnetization of the free layer, which in turn
causes a change in resistance of the MTJ sensor and a
corresponding change in the sensed current or voltage. 1IBM’'s
U.S. Patent No. 5,650,958 granted to Gallagher et al.,
.incorporated in its entirety herein by reference, discloses an
MTJ sensor operating on the basis of the magnetic tunnel junction
effect.
Fig. 2a shows a prior art MTJ sensor 200 comprising a first
electrode 204, a second electrode 202, and a tunnel Barrier ldyéf'":
215. The first electrode 204 comprises a pinned layer (pinned
ferromagnetic layer) 220, an antiferromagnetic (AFM) layer 230,
and a seed layer 246. 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

Iéyer) 210 and a cap layer 205. The free layer 210 is s%parated

from-the. pinned layer 220 by a non-magnetic, electgipal;y



second el ectrode 202 conprises a free layer (free ferromagnetic

220 by a non-magnetic, electrically

_ | ayer) 210
and a cap layer 205. The free layer 210 is separated fromthe pinned | ayer

-6- insulating tunnel barrier layer 215. In the absence of an external
magnetic field, the free layer 210 has it oagnetization oriented in the

di T ecti on ShOu By ALLew 215, Lhal J§e,0808Tal LY peragadigubar Lo the

magneti zation dire € pinned Tayéer y “ar row

econd | kSR80 HERSFC. EOrSeioRG tHFeF A2VSRI A1 fhife 304 aRR SoEORPY -

el ectrode 202, respectively, provide electrical connections for the flow

22 (tail

of sensi IRFIGNTEENLD FBEr fLEREH AP IHIBNPYSBEFEE 25 (TRathd SMTIeREFRbLY
200. A signal detector 280, typically including a recording channel such

as a part iRfirnessiiendarntri Benmasastivedd opPRVEgCt idmmmfelthecpARBed elirY®X t he
ftrst and second | eads 260 and 265 senses the change in resistance due to

changes i rRAfcsdown biiearfeec222iytyaild] @fhpant psrew treINdingadneei theirlane
Fig. 2b is a cross-sectional view perpendicular to the air bearing surface
of the priad tiwet phbérienshr 206 Ikwl IBY sedsarse@H deaor R686s farme sin

stripe 290 having a front edge 291 at the ABS and extending away fromthe

ABS to a mokaetgeiZf2fiest neledyroddh@0daakdesgeond dieetironaelobarri er

| ayer 215. The | eads 260,

respectively, provide electrical connections for the flow of

sensing current I, from a current source 270 to the MTJ sensor

200. A signal detector 280, typically including a recording

chanﬁel 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 indiced in the

free layer 210 by the external magnetic field.

Fig. 2b is 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

ABS 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 Is in a direction perpendicular to the tunnel barrier

layer 215... An electrical insulating layer 250 prevents shuating ™



265 provide electrical connections for the flow of the sensing current
ITerr] in a direction perpendicular to the tunnel barrier [layer 215. An
el ectrical insulating |ayer 250 prevents shunfiting

-7- of the sensing current around the tunnel barrier layer at the back
edge 292 of the sensor stripe 290. Since, in an MIJ sensor, the
sensing current flows in a direction perpeéndicular to the tunnel barrier
| ayer, a ressahabbgnshhghcetemit iaxaundottactivhely harniegdéayesratl the he

| ayers di sposed between the | ead | ayers except for the tunnel barrier

| ayer. Onemeick kelge Rageos tise tdenstFMsitaype 28@d to fix (pin) the
magneti zation direction of the ferronmagnetic pinned |layer. WM-Fe is an
anti ferromagnet swntB, 99Adak | ¥LS rdcrorgontecsensing duratenttaglbeeninsad in
previ ous MIJ sensors. However, NMi-Fe has poor corrosion resistance which

i's a concerdy Ad¢iiBg ?QEpeﬁ@@é&I&ﬁ|631thbotﬁﬁﬁeBﬁ@biﬁﬂhﬁﬂhaqbte forehoomabEY M
stability of the MIJ sensor in a disk drive environment. Alternate AFM

materials thaf Qﬁ\é%tm.gglcééﬁ&%tﬁ)ﬁrﬂt@s iigt aBeQed@r foNidD1antle layers
[err]-Fe[err]Jerr]/N O bilayer, however these AFM materials are

el ectrical lg g o%%ﬁlB%hﬂ@eﬁn@hérﬁgéﬁ(yﬂ%egg BREept Ofd e R Rahhel Obatheer

sensing current to flow between the ['eads in a direction perpendicular to'

the tunnel fgya?.efoh@YSE Phife the distials Mid APMSDAyeSt NEEdUES. fix (pin)
the magnetization direction of the ferromagnetic pinned layer.
Mn-Fe is an antiferromagnet with good electrical conductivity
that has been used in previous MTJ sensors. Héwever, 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,/NiO bilayer, however these AFM materials are eiectricaliy
insulating and therefore do not provide a path for the sensing
cﬁrrent to flow between the leads in a direction perbendicular to
the tunnel barrier léyer 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

o~Fe,05/Ni0O with their high corrosion resistance, for the pinning

N



What is needed is a structure for an MIJ sensor which allows the use of
electrically insulating AFM materials, such as Ni O and .
[err]-Fe[err]err]/NNOw th their high corrosion resistance, for the _
pi nning | ayer used to fix the magnetization of the pinned | ayer
and a process for fabrication of an MrJ ensor with this structure.
SUMVARY OF THE | NVENTI ON

ect t he. pr t|on to
di scl ose a n’é%rnelfsoerdestlostfll\y‘etpﬁnlﬁﬁ?n?'ffn% ()lélj' E?esgjﬁé)%%é én]g Z,r%
el ectrically_insul AFM | s anot her ect, of .the .
bresent | nVERITSRP CiPRITelEaSatn RF 2% oﬁeﬁswnalﬁﬂ AT iienife o
Ni O It is yet another object of the present invention to disclose
an MIJ sensor using an'electrically insulating AFM | ayer and having a

pi nned | ayer structure in electrical contact to a nmagnetic shield, the
shield al so serving as an el ecé@%i—-l—@gd——w%w INVE cordance-with the
prlnC|pIes of the present invention, there is-disclosed an MIJ sensor

conpri sing an MAF sén$dr OB PFBeOt haRE rRFIPIEndNIRPRY1PR kAR AHEOSehape and
two opposite side edges, a back edge and a front edge at the ABS surface.
The sensor Magnetaresistiyes tunsehckurgtion dMIJ) nsERPHPARLIENT ayer of

Ni O '
electrically insulating AFM layer.

I; is another object of the present invention -to disclose an
MTJ sensor having en AFM layer made of NiO.

It is yet another object of the present invention to
disclose an MTJ sensor using an electrically insulating AFM layer
end:having a pinnec layer structure in electrical contact to a
magnetic shield, the shield also sefving as an electrical lead.

In accordance with the principles of the present 1nvent10n,
there is dlsclosed an MTJ seceor ccmprlslcg an MTJ sensor strlpe o
having a generally rectangular shape and two opposite side edges,
a back edée and a front edge at the ABS scrface. 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

-



an insulating antiferromagnetic material. A ferromagnetic pinned |ayer
deposited on the AFM | ayer nmakes el ectrical contact wwth a ferronmagnetic
first shield behind the back edge of the MIJ sensor stripe (the edge
opposi‘te to the front edge of the stripe at the

-9- air bearing surface) to prow de a path for the sensing current to

b th | | | t AFM
1 ows from £ e%r#ﬁ‘iﬁawgyﬁu' L3 RS AL ST TP I MnsGHer ERELETL
d the f f t t d
hi el d whi GRVBENS o0 S Foeddgal Y el TP ﬁk@di%ﬁr nd i gantsy
The MIJ d AF
ferr omagnet FE¥ rlf%‘y’te”’?{ﬂe}e?&?m%ieesam s idpde Maaa¥5eﬂrm@&a&éxe{e%w%@er
d | tiall t t t
ggpogi tC?gn er Se eg’ailr%ﬁ% gﬁ g"fskhae“e ﬁ%!n %ﬁgr R‘l"{’?'sfé OAEJEM?‘Fa%ﬁ ??nﬁ%ﬂ ned
b hotolith hth AFM back i, b d the back
edge of thed OE{S% P ¢l BT oRRIR TR PAOIo SRORLE |y SPEFES dBRGR i fed on
the AFM | ayer, over the AFM back edge and on the first sh| el d maki ng
el ectri cal %ﬁ?%te]\/ﬁcttﬁltcﬁé i??gtf%q@?edMT‘FhéePﬁﬂﬁel barrier |ayer, free

| ayer and cap | ayer are then deposited se iall andE&atterned by
phot ol i t hogr aph bc%MfT(?r FEPRET Be_aye + an AFM layer,

pinned ferromagnetic layer, a tunnel barrier layer,. a free
ferromagnetic layer and a cap layer sequentially deposited on the
first shield. After deposition of the seed layer and the AFM
layer, the AFM layer is defined by photolithqgraph& to have an
AFM .back edge extending beyond the back edge of the sensor
stripe. The pinned ferromagnetic 1§yer_is deposited on the AFM
layer, over the AFM back edge and on the first shield making
electrical contact with thé 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

a



Ah el ectri
sensor are
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- electric
In the MIJ
first and
magnetic f
|l eads to s
respective
erbodi nent
shield and
provi des
sensor. Th
of the MIJ
sensing cu
bet ween th
addi ti onal

cally insulating layer. is then deposited over the entire MIJ
a. The photoresist covering the MIJ sensor stripe is then

d the second shield of ferromagnetic naterial is deposited over

nsor maki ng direct -

al contact with the second el ectypode of the MIJ sensor stripe.
ensot _structure of..the present.invention, f Qnagneti c
SIEORE ol e e B PSSRl ST oty RN RER PR
ields as is knowmn to the art and also provide the electrical
5§§F§eSensing current to the first and second el ectrodes,

Y koL MRy, oBES SR AR B SRR e
R R e
SoThSEIAAEA 30 BBk Bl L SE ol DS e ol
315! oFb gl L9 BSLBR,SIUT PSS LEe, LARMEL Bt Love

obj ects, features, and advantages of the present invention w

becone app&P@nFiF?Ft?ﬂg second electrodes, respectively, of.the MTJ stack.

Because the AFM layer used in this embodiment is electrically
insulating, direct contact between the first shield and the
pinned layer beyond thg back edge of the sensor stripe ﬁrovides
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 sensorr
stripe prevent sensing current flow from being shunted around the
tunnel barfier layer beEwéeﬁ Ehe first andmsecdnd‘shieldé.

The above, as well as additional objects, features, and
advantages of the present invention will become apparent in the

following detailed written description.

BRIEEF DESCRIPTION QOF THE DRAWINGS
For a fuller understanding of the nature and advantages of

the present invention, as well as the preferred mode of use,

- N .. R P L

at the end regqgions
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fellowing detailed witten description. BRI EF

DESCRI PTI ON OF THE DRAW NGS For a fuller understanding of the nature
and advantages of the present invention, as well as the preferred node of
use, . - 11 - reference should be
made to the fol l ow ng detailed description _read in conjunction with the

acconpanyi ng drawings. In the follow ng Hivm ngs, like reference nunerals
desi gnat e |ndferencesshblihd pamasie Ftloomghomllcbvelrm agitagsed descriptgon] js
an air bearing surface view, not to scale, of a prior art SV sensor;

Fig. 2a is madaiin beaniungtson fwhdd Thewacoohpanyigwaldsawdhga. pit dhear t

magneti c tunnel junction sensor; Fig. 2b is a cross-section, not to
scal e, per prndiostihar drawihde, ai ikebewfiemgnsarfamsradfs depignatarkikeagmeti c
tunnel junction sensor; Fig. 3ais a sinplified drawi ng of a

magneti c r eciatidiargpeirsk throwmghatsttdey drawingdi g. 3b is a verti cal
cross-section view, not to scale, of an inductive wite/MIJ read head with
the MIJ read hegdgl.otaiedan heimaartihg shréhcs ded, adpaceotscald,hef a

i nductive wite head;

prior art SV sensor;

Fig. 2a is an air bearing surface view, not to scale, of a
prior art magnetic tunnel junction sensor;

Fig. 2b is a cross-section, not to.scale, perpendicular to
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.f;p is a vertipal crpss—section Yiew,_npt to scale, of
an inducti&e write/MTJ read head with the MTJ read hééd locatea-
between the shields and adjacent to the inductive write head;

Fig. 4a is an éir bearing surface view, not to scale, of an
embodiment of the maénetic 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 juncéion sensor of

the present invention;



FiLg. 4a is an air bearing surface view, not to scale, of an eénbodi nent 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;

- 12 - Fig. 5a is an air bearing suffl@ce view, not to scale, of
anot her enbodi nefticof S&his regredin betumnnel syxfecte onewensor tof sdade,ppésent
i nvention; and Fig. 5b is a cross-section, not to scale,

per pendi cul andtaert bebadimdrgardmgheunbgnetid tymineadngtihet i@nizedissenbrothéhe
nagnetic tunnel junction sensor of the present invention.

DETAI LED DEpCRIsEht OhnEn Jidm ;PRRGERRED EMBODI MENT The foll ow ng
description is the best enbodi nent presently contenplated for carrying out
t-he present inveFigonsb Tid @ di@SeFspttOon,) notde 6aléhepdipdREeudhr to
illustrating the general principles of the present invention and is not
nmeant to |ikhe e pbavely (8 ra@RCept el Rd@RMefBbAiment of RBEERELAGL DOV
to Fig. 3, there is shown a disk drive 300 enbodying the present

invention. AsnsBOWMuhbt fdl -sehso ok€BRE present invention.

DETAITLED DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description is the best embodiment presently
contemplated for carrying out the present invention. -This
description is made for the purpose of illusﬁrating 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 érive 300
emﬁodying”the present invention. As showi in Fig. 3,. at least- -~ -
éne rotatable magnetic disk 312 is supported on a spindle 314 and
rotated by a disk drive motor 318. The magnetic recbrding 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

. . . E .- —
- - - _ - A 2B .
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one rotatable magnetic disk 312 is supported on a spindle 314 and rotated
by a disk drive notor 318. The nagnetic recording nedia on each disk is in
the formof an annular pattern of concentric data tracks (not shown) on

t he.di sk. 312. At | east one slider 313 is positioned on the disk 312,
each slider 313 supporting one or nore magnetic read/wite heads 321

where the head 321 incorporates the MIJ seriSor of the present )

-13 - jnvénvérbioms thse theskiskstret@tandhel pdéfes 13y &5pegdr 3Rty in
and out over the disk surface 322 so that the heads 321 nay access

di f fer ent ipoand omst afverthéhdi dksiwhswrfanssi32@dsaathat sthe deghged?l BaxXh
slider 313 is attached to an actuator arm 319 by neans of a suspension
315. The sdspesnsdiffadEmtpporttless aokltilghtdiskpwhage fdesiecrathideliabigses t he
slider 313 against the disk surface 322. Each actuator arm 319 is attached
to an act yaterd&?7. FHuh sadbeat 813 ass sthachied Ebgan Zactator arvodt® kwi
notor (VCM. The VCM conprises a coil novable within a fixed magnetic

field, thReaflsreetd Quspeassipaedipl tiee cuispenBionedls mmivigiesont sbigktd by
the notor current signals supplied by a controller 329. Duri ng

oper at i onggt; fPershick wiiehageasysteid d1iRIcOBABI 8gaDist the diisk BdRface
generates an alr bearing between the slider 313 (the surface of the slider

313 whi chabacl usles, tha iead a2h 816 fAGRTachBE 88rdRcawfatidiesdizsk S48 is

referred to as an air bearing
actuator as shown in Fig. 3 may be a voice coil motor (VCM). The

VCM comprises a coil movable within a fixed magnetic field, the
direction and speed of the coil movements being controlled by the
motor current signals supplied by a controller 3289.

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 L
the surface of the disk 312 is referred to as an air 5eéring
surface-(ABS)) and the disk surface 322 which exerts an upward
force or lift on the slider. The air bearing thus coﬁntér—
balances the slight spring force of the suspension 315 and
supporfs the slider.313 off and slightly above the disk surface
by a small, substantially.constant spacing during no;mal

operation.



s.vtfrfac:e (ABS)) and the disk surface 322 which exerts an upward force or
liift 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 surface by a small, substantially constant spacing
during normal operation. . - 14

The various conponents of the disk storé‘é4§y$ten1are controlled in
operation by corflvagiigHsl somperetePhyhehdisk oI FYEt8P9areuch as
access control signals and internal clock signals. Typically, the control
unit 329 cofprt acbgincopesatien Ry reantrsl sigpakpe gdmeratadqby the

m croprocessor. The control unit 329 generates control signals to control
vari ous sysertmalpamdtti 888, saeth a5 drdaesSsnePbErebriiBIals gadl snbarrghe 323
and head position and seek control signals on line 328. The control

_signal s on ¢lowk 3g@nedevi dByphealdesi rde conteal wridf i329s comprypes nkddic nove
and position the slider 313 to the desired data track on the disk 312.
Read and wé¢dretolgrdlreudte, cotoraye adldhs badaadmicmprdoessead/ wiheée heads
321 by nmeans of the recording channel 325. The above description of

a typi cal negmetclc uiiitk 328 ogé@eratyssteemtraidsigrabe duneanyrod vhricts ation
of Fig. 3 are for |
system operations such as drive motor control signals on line 323
and head position and seek control signals on line 328. The
control signals on line 328 provide the desired current profiles
to optimally move and position the slider 313 to the desired data
track on the disk 312. Read and write signals are communicated
to and ffom the read/write heads 321 by means of the recording
channel 325.

The qppve desérip;ﬁqn of a typical magngtiq“disk storage
system, and the accompanying illustration of Fig. 3 are for
repfesentgtion purposes only; It should be apparent that disk
storage_systems may contain a large number of disks énd
actuators, and each éctuator 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 ..~ = =



representation purposes only. It should be apparent that disk storage
systens may contain a | arge nunber of disks and actuators, and each

actuat or may support a nunber of sliders. Fig. 3b shows a
cross-sectional schematic view of the read/wite head 321 enbodying the
present invention which includes an MIJ +dad-head portion and an inductive

wite head portion. The head 321 js.lapped .to form.an, A ad head

-15- i ncl 8E4UE4RS MY Né-‘é%sg@lnS?EO%ﬁ{) S?J]o%pg%e epﬁg‘é‘ﬁe? irgrlsﬁ%targlgds;e[%g%%g shi el d

| ayers S1 and S2. An insul ati ngzgap ayer Gl.is disposed gg]e%\évegn t he (;i rst
_ e

| .
and secondSBhrEHJLA¥ERS SISENENE2S2 My INTMLAEERP oPPRVERY S WME S hsor .

The wite head includes a coil layer C and an insulation_lLayer_|N2 which
are di sposbetreencthe fikaf apdoaeraye riatt éﬁMeFNSSJV\/rﬁrhdRS&r D ERE ¢ urn,

di sposed between first and second pole pieces Pl and P2., A gg | ayer, &

i s di sposedepépneaviay Herdm tde MRd ser¥it pdhe pritediess; insl g? 2Pt di ng
a magnetic wite gap at their pole tips adjacent to the ABS. The conbined
read/ witelbyad G2andwwinswlptgonsbayer IN2' yhigherechigresednPehves :
second shield layer S2 of the read head is enployed as a first pole piece
P1 for theinsbietheadiayers INEj gnd4INZ Hvichaarar r inhdetitg d4gPPaee ( ABS)
view of an MIJ sensor 400 according to the preferred enbodi ment of the

pr esent between first and second pole pieces Pl and P2. A gap layer G2

is disposed between the first and second pole pieces. P1, P2 for
providing a magnetic write gap at their pole tips adjacent to the
ABS. The combined read/write ﬁead 321 shown in Fig. 3b %s a
"merged" head in which the second shield layer -82°' of the read
head is employed as a first pole piece Pl for the write head.
Fig. 4a shéws an air bearing surface (ABS)'view of an MTJ

sensor 400 according to the preferred embodiment of the present

invention. The MTJ sen;or 400 comprises end régiéns 464 éndmisé
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 MTJ seﬁsor 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 eiectrode 404,

a second electrode 402 and a tunnel barrier layer 415 disposed

° e



iavention. The MIJ sensor 400 conprises end regions 464 and 466 separated
fromeach other by a central region 462. The active region of the MIJ
sensor 400 is an MIJ sensor stripe 403 formed in the central region 462.
The MIJ sensor stripe 403 has a generally rectangul ar shape with two
opposi te side edges 407, 408 and a back -egge (not shown) opposite to a

front edge, 491 at the _ ABS. Tge MTI'J nsar .stripe 4 r.se first
el ectrode RB%veeR h& i & &LEF H%dﬁdﬂﬁgﬁ@ atﬁﬁHﬁ%ﬁ”ﬁg%%%ggng§e§0%15
di sposed , ) , - 16f-42§tmeenA e first
el ectrode Eb8 ERESE HRIQIEORE APACEPRRELSAR 2 PHARCY i Tae%e &0t r B8P 04
conprises a pinned | ayer 420, an AFM | ayer 430t and a seed Iayeé 440,
where the pRVeEd43Qyand20seed YrepbsitP habrEentitPinnedelaysrr F&P Syer
415 and the AFM | ayer 430 and the AFM | ayer 430 is di sposed between the
pi nned | aygispdoed dretwaen $bedthagel bapgrierndayet ofkP anscthgddfobayer
conprises a free layer 410 and a cap |ayer 405, where the free |layer 410
is di sposéd0bataete AR flayeel 4B0ris etidpmped hebvesnd thiee pdapefiajayer 405.
The AFM | ayer 430 is exchange coupled to the pinned | ayer 420 providing an
exchange f#pbdand the dderl Mageet 44t i dfhe dieceonti eheaifradee 4902npeupragyes a120
perpendi cul ar . to the ABS. The nagnetization of the free layer 410 is
oriented paraél| BAyéP 41 and a cap layer 405, where the free layer 410 is

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 embodimént of the present invention, the

MTJ sensor stripe 403 is formed in the central region'462 over a

first shield (S1l) 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 fram e B



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

In the preferred -enbodi ment of the present invention, the MIJ sensor
stripe 403 is fornmed 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-Al7Fe-Si (Sendust), deposited on a

substrate 4P1ay arﬁkg%r?é‘ttﬁ:n@'l@gagverAﬁ henh finRitod! 16961 E0GE andct becenty
regi ons 464 and 6 to provide magnetic shielding of the MIJ sensor from

ol 5 |
SUT K SHRONA G eeids, Afﬁgh' élé%laborlé B¥RHed50n Ofnel et Hegabhy

i-nsul ating suc err is fornmed-in the end regions 464

and 466 anQGQ A@dydd A%?%%h?qgetﬁg 555% M@ﬁeSQESQEeﬁﬁfJl%%n3693stfiéécond

shield (S2) of sof erromagnetic material such as N -Fe, or

al ternati ng gdﬁgcgecgrﬁfg Ogureﬁagf*ggzglﬁéfeof gy @;ﬁoxrhagc%eu@ﬂatarmf end

regi ons 46 e sensor stri e central
regi on 462 t he. cross~segt 0 or 400
perpendrchH?ht%§]ﬁbq%BsorTﬁg%%ﬁﬁaEE%i agtﬁrpg 10 H%%%g%“%gﬂ?ﬂé e 491
at the ABS, and ext endi n y.fromthe ABS.to a defr ed by
The back olOBSLEROT HeeASP 5ar Fhe e fep:ofs3ebhatng, L% aldelFr 0% T
the MIJ sensor of the present i, nventi on |slforned(qsfﬂectr|cally

i nsul at i ng™hdt 8¢R39r §tripe 403 in the central region

Fig. 4b shows the cross-section of the MTJ sensor 400
perpendicular to the ABS. The MTJ sensor stripe'403 has a front
edge 451 at the ABS and extending away from the ABS to a back-
edge 492 defined by fhe back.edgee of the tunnel barrier layer
415. Because the AFM layer in the MTJ sensor of the present

i invention is formed of electrically insulating material, it is
necessary to provide a path for the sen31ng current to bypass the
AFM layer 430 and to flow perpendlcular to the tunnel barrler\
layer 415. The path for sensing current flow is formed by
patterniné the AFM layer 430 to define an AFM back edge 494
significently 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 AFM back

-

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

N



necessary to provide a path for the sensing current to bypass the AFM
| ayer 430 and to fl ow perpendicular to the tunnel barrier I|ayer 415. The
path for sensing current flowis forned by patterning the AFM | ayer 430 to
define an- AFM back edge 494 significantly further away fromthe ABS than
the MIJ sensor stripe back edge 492 and tﬂ§n depositing the pinned
ferromagnetic |ayer 420 over the AFM | ayer 430 and over the exposed region
of the firangehe£| W04BD rfigronetesfadway dimorthéhABSES HﬁnhehéhAFMMa%ekrIS@ﬁge
494. The AFM back edge 494 may be patterned to be in the

.18 - raAgeipé haAclECddec d9Reter snhwagbduto®.thaiaBRneitfinse away KAIMsEmor
stripe back edge 492 is only about 0.5 mcroneters away fromthe ABS.
Thi s struchBge priols desruetpathprovidée 4 Ipavhofforhehsefisimmgft tbar semsing err |
fromthe first shield 460, into and al ong the plane of t he pi nned | ayer
420, and tcanseet Sh| ¥rohr thghf it taliedld W60y i Brto adnayelodd Stlamdldne fofee
| ayer 410 to the second shield 461. The i nsul ating | ayer. 450 deposited
over the ptheesihmydridzd kePondnd trendfiekseanpsehrsidh phebaakneligpadPler
provi des electrical isolation between the first and second shiel ds 460

and 461 angapé£VAIY Sarid'@he ¥2B8I DgyEHI4BNtS BB 586K Rhidnauadit hethdJ |
sensor stripe 403. Since the sensing current flows in the plane of the

ﬁ;ngg? LaY§ﬁsu1£€¥hg'ﬂé%e@aﬁﬁgtaépééf%éhrﬁﬁérb%hﬁsﬁﬁnﬁéhf%&ye%vﬁzﬁ BLPONE
gnet i

the MTJ sensor stripe back edge 492 provides electrical isolation
"between the firét and second shields 460 and 461 and prevents the
sensing cﬁrrent froﬁ shunting 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 ﬁagnetic

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 Is from a current source 470 to the MTJ sensor
stripe 403. A signal detector 480 which is electricaily

- connected to shields 460 and 461 senses the change in the
resistance due to changes induced in the free layer 410 by the
extergal 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-..— -

—



state irn the free layer 410. Referring again to Fig. 4a, the first,
and second shi el ds 460 and 461 provide electrical connections for the
fl ow. of the sensing current I[err] froma current source 470 ta the MIJ
senser stripe 403. A signal detector 480 which is electrically
connected to shields 460 and 461 senses t-hé&%change in the resistance due
to changes induced in the free |ayer 410 by the external %netlc field

(e.g., fiefFbegehercitiar B gagaehibrtion é@eoﬁlan%‘iis]fc‘-)yerTﬁ@ e¥Pefhats

magnetic field acts to rotate the direction of magnetization_ of the free
| ayer. 410 prefexakdy tpinned perpendicular to the ABS. The signal detegtor tpe

direction of magnetization of the pinned |ayer 420 which is preferably
pi-nned per 8ddpreferaitly tinelnBss Fhdigitplalrederdéngrchar@@lpsethr abl §
includes a digital recording channel such as a partial response
maxi mum | i gatthabdrdsPiidse mhahmeh-hikelsi Hovow{ PRML) t tlosmeneskialsl éd knowvhetar t
or other types of well known recording channels such as peak detect or
maxi mum | i kedbsdoskli Xleanrial theTaet or grtdlerdeypesoof 4861 lallswwnnekadeding her
supporting circuitries such as a preanplifier (electrically placed between
t he sensorchammblmesmweb)aakodet@dﬂdldn erixdiguihhei kehidexbd ehaahabse chiges
as is known to those skilled in the art. The MIJ sensor 400 may be
f abri cat edsidnal nbgeeitoan 480 also includes -other supporting circuitries

such as a preamplifier (electrically placed between the sensor

and the channel) for conditioning the sensed resistance changes

as is known to those skilled in the art.

The MTJ sensor 400 may be fabricated in a magnetron

sputtering or an ion beam sputtering system to deposit

sequentially the multilayer structure shown in Figs. 4a and 4b.

The first shleld (S1) 460 of Nl Fe (permalloy) hav1ng a thlckness

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

401. The_seed layer'440, the AFM layer 430, the pinned layer

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 .. _, B



sputtering or an ion beam sputtering systemto deposit sequentially the
mul tilayer 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 | ayer 440, the AFM.| ayer 430,
t he pinned | ayer 420, the tunnel barrier %(gyer 415, the free layer 410,
and the cap |layer 405 are sequentially deposited over the first shield
460 in the pubsequminflayelrsnganddiatalnalr ber ansded siepemgiiagi on thel d of
about 40 Ce to orient the easy axis of all of the ferronmagnetic |ayers.
The seed | ayatedidl it &hleapebseepest tleders Hbdused.t I‘télecsysdalawam de
texture or grain size of the - 20
-subsequenfoimgiref tamtatap 104) bez newdddmndépehdimigked-timen Miefélal wof
the subsequent layer. If used, the seed |ayer may be formed of tantalum
(Ta), zircohlidm (tﬁv)mgniackhkekmems (A aBent 80-504 er The] 8FM] Lapet MBM
t hi ckness of about 30-50 A. The AFM | ayer 430 forned of Ni O having a
t hi ckness ofoataditofl G:048@vAng Sa detpisiniead ofinaboet Sk 4loay Ar 1848epysited
sputtering a nickel target in the presence of a reactive gas that includes

oxygen. Theof\FHihd ayerid 143eri a4paby espiateninghat olckdloghapby in tledine the
AFM back edge 494. The ferromagnetic pinned |ayer 420 is deposited on the'
AFM | ayer gd28saitk OF bheeatceavefgddaHdt Shcihdes bdkeneXporedahy Idher
430 is patterned by photolithography to define the AFM back edgé
494, The ferromagnetic pinned layer 420 is déposited on the AFM
layer 430 and on the area of the first shield 460 exposed by the
patterning of the AFM back edge 494. The pinned layer 420 may be
formed 6f Ni-Fe having a thickness in the range of about 20-50
A, or élte;natively, may be formed of a sub-layer of Ni-Fe
having a thickness in the range of 20-50 A_and_ap interface
layer of Co having a thickness of about 5 A deposited.on the NiL
Fe sublayer. The tunnel barrier layer 415 is formed of Al,0; by
depositing and then plasma oxidizing an 8f20 A aluminum (Al)
layer on the pinned iayer 420. The ferromagnetic free layer 410
méy 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 _ _ _



patterning of the AFM back edge 494. The pinned |ayer 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 |ayer of Co having a thickness of about 5 A
deposited on the Ni- Fe sublayer. The tunpnel barrier layer 415 is forned
of Alferr](Jerr] by depositing and then pl'asma oxidi zing an 8-20 A

al um num ( ABouf Akmd0oft dreoBi RE@ T difer Co2dntantagelieyetignethe daree | ayer
410 may be formed of N -Fe having a thickness in the range of about 20-50
A, or alterbevdop feapedecf cfadtbvimoan thiekiesse dfapbouto$0 @ ¥mving a

t hi ckness of about 5 A deposited on the tunnel Dbarrier |ayer 415 and a
sub-| ayer ofepdsifechani hjeaftde ckayess 430. A photoresist layer is

= 21 - about 20-50 A deposited on the Co interface |layer. The cap |ayer
405 f or ned adpokd tleav bngthet dap kKiegs: @o5abndt plsdt A iithogdaphgi dedl iom t he free
| ayer 410. A photoresist layer is deposited on the cap |ayer 405 and

phot ol i t hoghiaphngapioresse#iwd i NKkndwdC@ESERe Vit reioVR LBed Nt AdrifRY the
used to define the back edge 492 and the central region 462 of the MIJ

sensor striyck 4d3e 492 and Thiee | dtrallOkebddyer 4680 Q £C 2 Re AW D IR0 S k-8He ON
the exposed portion of the pinned |ayer 420 in the area behind the ML
stripe 403.

The insulator layer 450 can now be deposited 6n the exposed
portion of the pinned layer 420 in the area behind the MTJ stripe
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 equél 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 tﬁe exposed
MTJ ‘sensor stripe 403 and on the insulator .layer 450.

The second shield 461 ﬁakeé'elecfrical contact to the second

electrode 402. The free ferromagnetic layer 410 is.separated

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

- A . . e e PO A



back edge 492 and on the first shield (S1) 460 in the end regions 464,
466. The -insul ator layer 450 is forned of Al[err]Jerr] by depositing and
t hen pl asma.oxi di zing an al umi num (Al') |ayer having a thickness
approximately equal to the total thickness of the MIJ sensor active |ayers

in the central region 462. The photor esi_sﬂt;2 protecting the MIJ sensor

stripe 403 is then renoved _and the second shield 1 of N -Fe er mal | oy)
havi ng a t MAORRELS CPWPLING PetyEelf tg g{e%og%)l%ég A0¢ g epsoescl(oﬁlgd on the
exposed MIJ sensor stripe 403 and on the insulator.|ayer 450. The second
shiel d 461 ShdRdd &Fdetrical contact to the second electrode 402. The free
ferromagnetic |ayer 410 is separated fromthe second shield 461 by the
thin cap |ayer Fog.tBapghonwe an ABS view of an MTJ sensor 500 according togo .
magneti c coupling between the free |ayer 410 and the second shield 461.
Fig. 5a shamstherABSbediverdf ofn thEJpsessnt BOEdeo:di Byls cemkabimest _
enbodi nent of the present invention. This enbodinent only differs fromthe
- enbodi nent csfigwdii fieFs ghromlhanembbdimentasiionn tilke Figed 4ayand 440 iand t he
AFM | ayer 430 extend over the first shield (S1) 460 in the end regions 464
and 466 as haslingathei seddiclayent 140 andi tine /ARM 1Biyece 480 cextrénd aper 4B i s
made of an electrically insulating AFM material, such as N O, the AFM

| ayer first shield (S1) 460 in the end regions 464 and 466 as well as

in the central region 462. Since the AFM layer 430'15 made of an
electrically insulating AFM material, such as NiO, the AFM layer
430 in the end regions 464, 466 provides electrical insulation

.between the first shield (S1) 460 and the second shield (52) 461
which together with the insulatiﬁg 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 (S1) 466 to pro&ide 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. 5b shows the cross-section of an MTJ sensor 510
perpendicular to the ABS according to yet another embodiment of

the present invention. 1In this embodiment, the seed layer 440

and the AFM layer 430 deposited on the first.shield (S1) extend . . .



430 in the end regions 464, 466 provides electrical insulation between the
first shield (S1) 460 and the second shield (S2) 461 which together with
the insulating | ayer 450 prevents electrical shorting between S1 and S2.
The structure at the back edge of the MIJ sensor and the met hod of naking
el ectrical contact of the pinned Iayer 42 to the first shield (Sl) 460 to
provide a sensing current path the a in Fi for the
preferred efB8Yi FERR bhe BRS &VRatF %Iglr%f g‘@% ?%i S}[N;m ég aﬁ met hod
of making el ectrical contact shown_ in Fig shows. t he
cross-secti 6AYBF 430 M Lumes: 0516 e‘b%ﬂ)‘?r%yc&Pﬁ\‘l‘[‘B”fgng“aﬁﬁlé&co?Hlhﬁ to
yet anot her enbodi mnent of the present invention. In this enbodi nent, the
seed | ayer B&gesaamytie pYoMidsyarpaty fripddier 66nokng Hutgendt Ishi@IRYDESS)

ext end - 23 - away fromthe ABS
over the fiktbe ARfelayq:SK¥30 sindcbot REOVAAN & g)Epclion irerpengigudpr to the
electrically insulating material, it is necessary to provide a path for -

t he sensi ngtunnﬁb_nbatlsi&m-law&gaséﬁ-t heheARdthafer 79 senbing fcuywenh &low
direction perpendicular to the tunnel barrier |layer 415. The path for the
sensi ng cur isnmafié dy formimde abyopenimgg(vdma)og8hi tigrdugta)theOBFMhiavgh 430 |
AFM | ayer 430 prior to the deposition of the pinned | ayer 420 over the AFM
| ayer 430. pheoxi o 4 idepositedni of tite pdgned Dayéhei2¥-Mveayehe AFM
| layer 430. The via 496 is formed in the region of the AFM layer
430 further away from the ABS than the MTJ sensor stripe back
edge 492 using methods well known ﬁo the art. The pinned layer
420 is deposited on the AFM layer 430 and .on the area of the
first shield (S1) 460 exposed by the"via 496 through the AFM
i layer 430. The pinned layer 420 makes electrical contact to the
first shield (S1) 460 through the via 496 providing a path for |
the flow of the sensing current I; from the first shield (S1)
460, into and along the plane of the pinned layer, and
transvepsely through the tunnel barrier layer 415 ana the free
layer 410 to the secénd shield (S2) 461. The insulating layer
450 deposited over the pinned layer 420 beyond the MTJ stripe
back edge 492 provides electrical isolation betWeen_the first and

sécond shields 460 and 461 and prevents the sensing current from

shunting -around the MTJ sensor -stripe 403. * TR I



430 further away fromthe ABS than the MIJ sensor stripe back edge 492
usi ng methods well known to the art. The pinned |ayer 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 pinned | ayer 420 nakes

el ectrical contact to the first shield (S%% 460 through the via 496
providing a path for the flow of the sensfng current I[err] fromthe first
shield (S1) 460Altatmat@ndelal,0AgMt heypt AR0 afayt be padmedt |zay er-Fea®d NiO
transversely through the tunnel barrier layer 415 and the free |ayer 410
to the secobdlsherl to (SHridate The MNIusaisorg 408y eccoddihgleposihieegregentt he
pi nned | ayer 420 beyond the MIJ stripe back edge 492 provides el ectrical

i sol ati on behwegpiéke first and second shields 460 and 461 and prevents
the sensing current from shunting around the MIJ sensor stripe 403.

- 24 - Al t ewnat é iy prRbhkaygvedSonmaso@eBBdgaBfidilarly shown and
[err]-Fe[err]err]/NO bilayer to fabricate the MIJ sensor 400 accordi ng

to the presgabcribo@ntin. referenthb%ﬁé‘%r@f%&%@H eftySdtnieit )23 thbRen1 pe
particularly shown and described with reference to the preferred

enbodi ment syndéritddd sy ﬂH@%@r§kQQﬂeQYiﬂfﬂﬁﬁ3d%%'Eh@g varidi® ¥hankBat in

vari ous changes in formand detail be made without departing fromthe'
spirit, form and detail may be made w1thout departing from the spirit,

scope and teaching of the invention. Accordingly, the disclosed
invention is to be considered merely as illustrative and limited

in scope only as specified in the appended claims.



scope and teaching of the invention. Accordingly, the disclosed invention

is to be considered nerely as illustrative and limted 1in scope only as
specified in the appended cl ai ns. -

- 25 .- CLAIMS W claim 1. A
magneti c tunnel junction (MIJ) sensor |, 9qurising: a substrate;

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

a magnetic tunnel junction (MIJ) sensorCI@&IMSpe fornmed on said first

shield, the MIJ sensor stripe having a-generally rectangular shape and two
opposi t-e siwdecédgms, a back edge and a front edge, said MIJ sensor stripe
conpri si ng: an antiferromagnetic (AFM |ayer of electrically

i nsul ating antiferronmagnetic material; a pinned | ayer of
ferromagnetic material in contact - with said AFM | ayer, said pi nned

| ayer making el ectrikahagnetic@ihnel Yuhdtisi dMnmskeaboel dicomprising: a
free layer of ferromagnetic material; a tunnel junction |ayer of
el ectrically i ngusabstwhte;

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 two opposite side edges, a back edge and a
front edge, said MTJ sensor stripe comprising:

an antiferromagnetic (AFM) layer of electrically
insulating.antiferromégnetic material;
a pinnéd layer of ferromagnetic material in contact

with said AFM layer, said pinned layer making eiéctrical

contact with said first shield;

a free layer of ferromagnetic material:
a tunnel juhction layer of electrically insulating
material disposed between éaid 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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material di sposed between said pinned and free | ayers; a second shield
(S2) of ferromagnetic material fornmed on and in contact with said MIJ
sensor stripe; and - 26- an
insulator layer fornmed on the first shield on opposite sides of said MIJ
sensor stripe and on said pinned | ayer beyppnd the back edge of said MIJ
sensor stripe, said insulator |layer separating said first shield and said

i d | f i i . The,
pinned Vayer o Saigly 38501480 Bhtho on the Fupar AR oHeBBRbSSs
ore T3 S ahe%oE ALty S dpetESLR Bl dl S 20y gt e
wh i i first ieldis, f N-Fe,. . . 4 O, he MT
Foct ted i n Ehgi BRGE Gt ah, Bafaiia et Sieainer soaididngp REopelad el oo o
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.

AR



- 27 - 6. The MIJ sensor as recited in claim1, further 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 shigld to the current source and to

the signal detector; said first and second shields providing electrical

| eads for sensing tlreeceMegt $ésdr rB8Sireanee 1w dikR@nmsenseagrisasr rent fl ow ng
per pendi cul arly through the tunnel barrier layer and the free |layer, said

sensi ng curdgprifsligy:prevented from shunting around said MIJ sensor stripe

by said insulator |ayer. 7.~ The MIJ sensor as recited in claiml
wherein said AFM shawan Hste@Esrof [err]-Fe[err](err]/N O 8. A
di sk drive system conprising: a magnetic recording disk; a

magnetic tunnel 5 edgrbAd §MM¥de SRS Yrok9hiSENS I NGs1ABIBEEFERE] V' recorded
data on said magnetic recording disk, said MIJ sensor conprising:
a first electrical connection for connecting said first
shield to the current source and to the signal detector; anq
a second electrical connection for connecting said second
shield to the current source and to the signal deteétor;
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 durrent flow preventéd from shunting around
said MTJ sensor stripe by said insulator layer.
7. | The MTJ sensor as recited in claim 1, wherein said AF&

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

8. A disk dri&e system, comprising:

a magnetic recording disk;

a magnetic tunnel junction (MTJ) sensof for sensing
magnetically recorded data on éaid magnetic recordiﬁg disk, said

MTJ sensor comprising:

R A 1



-, 28 = a substrate; a first shield (S1) of ferromagnetic
material fornmed on the substrate; a magnetic tunnel junction (MIJ)
sensor stripe formed on the first shield, the. MIJ sensor stripe having a
general |y rectangul ar shape and two opposite side edges, a rear edge and a
front edge, said MIJ sensor stripe conprlﬁlng an
antiferromagnetic (AFM | ayer of electricarll I nsul ating
antiferromagneti c mat ghbstrate; a p|nned | ayer of ferromagnetic
material in contact with said AFM | ayer, said pinned | ayer mnaking

el ectrical contact W tfirséi §hié1st(s3hi @fdferromagnetic mateeeal agermed on
ferromagnetic material; and a tunnel junction |ayer of
electrically insd &ubl8rate; Material di sposed between said pinned and free
l.ayers; a second shield (S2) of ferromagnetic material fornmed on and

in contact with sai ¢ MEdnseDsOfurkidli Beinc@hén (MTJ) aenisbeubaiope | By@ied or med
on the first shield on opposite sides of said MIJ sensor stripe and on

said pinned | aferneyqpdet bigi dREK 80RO s8Rss MickigRnaasingrape, said
generally rectangular shape and two opposite side edges, a )
rear edge and a front edge, said MTJ sensor stripe
combrising:
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 mate;;al; anq
a tunnel junction layer of electrically-insulating
material disposed between said pinned and free layers:
é 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

I
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-+ 29 - I nsul ator |ayer separating said first shield and said pinned

| ayer from said second shield; an actuator for noving said MIJ sensor
across the magnetic recording disk so the MIJ sensor nay access different
regions of magnetically recorded data on the magnetic recordi ng disk; and
a recording channel coupled electrically §0 the MIJ sensor for detecting
changes in resistance of the MIJ sensor Caused by rotation of the

magnet i zati on ainsubétoheldyere Separemragoesatd figpér shoehd iard ts@ichpihngéd
magneti zation of the pinned layer in response to magnetic fields fromthe
magnetical ly redeydedfdat ssaid second9shidhd; di sk drive systemas recited in

claim8, wherein said AFM | ayer . is nade of N O : 10. The disk
drive system asaneacteston fdmimovdngwheieiMIJ swndoicnsorasortHeayaknesisade
of Alferr](err]. 11. The disk drive systemas recited in claimS§,

wherein. seicdrlingtdssik edal thee pAdesehsdlk -hy access differehite rdigilondr b¥e
systemas recited in claim38, wherein
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 magnétization 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.

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.

- L -
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sai'd second shield is made of Ni-Fe.

- 30 - 13. The disk drive systemas recited in claim@8, further

conpri si ng: a signal detector; a current source for providing a
sensing current; a first electrical connection for connecting said
first shield to the current source anq_% t he signal detector; and a

second el ectrical connection for connecti'hg said second shield to the
current source and to the signal detector; said first and second shiel ds

providing el ectyy cahyLegeigy @iy skl LS LA LGaL1LAR| 1 HhRr | he

sensing current flowng perpend cdlarly through the tunnel barrier |ayer

and t he fré%?ﬁdﬁ¥£%r" said sensing current flow prevented from shunting
Sens

around sai or stripe by said insulator |ayer. . 14. The MIJ

sensor as recited.i | Al erein said AFM | ayer is nmade- of
glfﬁﬁhi O&é&&oﬁ’)’“ :

[err]-Fe[err]err

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 leadé for
.sensing the electrical resistance to the sensing current flowing
perpendicularly through-the tunnel barrier layer and:the free
layer, said sénsing current fiow prevented from shunFing 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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