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Tec_hr’n cal Field ; This invention relates in general to nmagnetic tunnel
junétierm (MIJ) devices; and nore particularly to an MIJ device with both

| ongi tudi nal and transverse biasing for use as a magnetoresistive (MR

head for reading magnetically-recorded data.

Background of the Invention A magnétic tunnel junction (MrJ) device

is conprised of two ferromagnetic |ayers separated by a thin insulating
tunnel barrier layer and is based on the phenonmenon of spin-polarized

el ectron t unMAGNETIONEUNNEDSUNC TIONIMAGNETORESISTIVE READ HEAD WITH

LONGITUDINAL AND TRANSVERSE BIAS

. Technical Field
This invention relates in general to magnetic tunnel junction (MTJ) devices,
and more particularly to an MTJ device with both longitudinal and transVé;se

biasing fon: use as a magnetoresistive (MR) head for reading

magnetically-recorded data.

Background of the Invention
A magnetic tunnel junction (MTJ) device is comprised of two ferromagnetic
layers séparated by a thin insulating tunnel barrier layer and is based on the_
phenomenon of spin-polarized electron tunneling. One of the ferromagnetic

layers has a higher saturation field in one direction of an applied magnetic field,
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| ayer's has a higher saturation field in-one direction of an applied
*magnetic field, 2 typically
dhe¥to its higher coercivity than the other ferronagnetic |ayer. The

i nsul ati hg tunnel barrier layer is thin enough that quantum nechani cal
tunneling occurs between the ferromagnetic |layers. The tunneling
phenonmenon is el ectron-spin dependent, ki ng the nagnetic response of the
MIJ ‘a function of the relative orientations and spin polarizations of the

two ferro ' LS i ' jmarily as
monory. col ROV Qs IEAE higher cneliiviy \ikhife oRfRi ToRSRdHAIE WaRSE MINEI
determ ned by neasuri n(';; the resistance of the MIJ when a sense current is
passed per [Rawating tunngl batrie daveris thivenough thalruariuronggharical fuapeling o t he
other. The probability of tunneling of charge carriers across the

i nsul at i'ng gegiRebetiaen the feRbifaghele RiRreN Thegunhglhmj péndheasomt of the
magneti c nonments (magnetization directions) of the two ferronmagnetic
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exanple, a layer whose magnetic nonment is fixed or prevented from
rotation, ithe regjativeorieatations apdmpine polarizatiens ebine wio fanoraagnetiopyersspi n u
or spin down,

MTJ devices have been proposed primarily as memory cells for solid state
memory. The state of the MTJ memory cell is determined by measuﬁng the
resistance of the MTJ when a sensé current is paésed perpendicularly through
the MTJ from one ferromagnetic layer to the other. The probability of tunneling
of charge carriers across the insulating tunnel barrier layer depends on the
relative alignment df the magnetic moments (magnetization directions) of the two
ferromagnetic layers. The iunneling current is spin polarized, which means that
the electrical current passing from one of the ferromagnetic layers, for example,
a layer whose magnetic moment is fixed or brevented from rotation, is
predominaﬁtiy composed of electrons of one spin type (spin up or spin down,
dependins; on the orientation of the magnetic moment of the ferromagnetic layer).
The degree of spin polarization of the tunneling current is determined by the
eleqtronic band structure of the mégnetic material comprising the ferromagnetic
layer at the intérface of the ferromagnetic layer with the tunnel barrier layer. The
first ferromagnetic layer thus acfs as a spin filter. The probability of tunneling of
the charge carriers depends on the availability of electronic states of the same

spin polarization as the spin polarization of the electrical current in the second



depending on the orientation of the magnetic noment of the ferromagnetic
‘Iayer) The degree of spin polarization of the tunneling current is '
detern1ned by the electronic band structure of the magnetic materi al
conprising the ferromagnetic |ayer at the interface of the ferromagnetic

| ayer with the tunnel barrier |ayer. g first ferromagnetic |ayer thus
acts as a spin filter. The probability 8f tunneling of the charge carriers
‘depends on the availability of electronic states of the same spin

gng:‘hzat ! Perll'roar:rsraérr11 etlc Ilgy Blsx% yz, %He?\r}hgfméar?etlecl r%%tmré ofél’cn uré&?rig_.; gnte{] Ie c
Iayer Usual | y, when the magnetic noment of the second ferromagnetic |ayer
i s paral | eferramagreticigyet iscparatieiito the magneticmomeat obthegirst ferromagretic t here

are nore available electronic states than when the nagnetic nonent of the

second fer [RERGABH 5ré RISRE a\rﬁnl@dlé @mroﬁr& stafsAHaP whén tﬁ@inaghehe Phdrhest

ferromagnetic | ayer. e-tunneling probablllty of the charge carriers

| owest ” whBHTE ReGaREHED r%“eat@%aﬁté'veei‘;ﬁ%aﬁm% PtipdEfe obat SAbS it & are.

arranged neit her paral l el nor antiparallel, the tunneling probability
t akes an i fareomagneticlayeal iihus,Rhestunmmimgeﬂrebabilit;emf thesithairge carriers ishe MrJ
menory cell depends on both the spin polarization of the electrical

current angigiagt #hehithe MigridtRimdment 8t Bothllayers are parallel, and is lowest
when the magnetic moments are antiparallel. When the moments ai‘e arranged
neither parallel nor antiparallél,-the tunneling probability takes an intermediate
value. Thus, the electrical resistance of the MTJ memory cell depends on both
the spin polarization of the electrical current and the electronic states in both of
the ferrbmagnetic layers. As a result, the two possible magnetization directions
of the ferromagnetic layer whose magr:etization direction is not fixed uniquely
define twb possible bit states (0 or 1) o:f the heniory cell.
A magnetoresistive (MR) sensor detects magnetic field signals through the -
reéistahce change_s ofé sensihg‘ element, fabricated of a magnetic material, as a
- function of_the strength and diréction of magnetic flux being sensed by the
“sensing element. Conventional MR sensors, such as those used as a MR read
heads for- reading daté in magnetié recording disk drives, operate on the basis of
the anisotropic magnetoresistive (AMR) effect'of the bulk magnetic material,
which is typically permalloy (Nig;Fe,s). A component of the read element

resistance varies as the square of the cosine of the angle between the

magnetization direction in the read element and the direction of sense current



the ferromagnetic layers. As a result, the two possible nagnetization

*dij rections

of the ferromagnetic | ayer whose magneti zation direction is not

fixed uniquely define two possible bit states (0 or 1) of the nemory cell.
A ndgnet 6resi stive (MR) sensor detects magnetic field signals through the
resi stance changes of a sensing elenent, fabricated of a nagnetic material,
as a function of the strength and diredti on of magnetic flux being sensed
by the sensing elenent. Conventional M sensors such as those used as a

MR read rate
on t he. basiEoaH ﬂi#e%%ﬁ @&Pﬁi RechudRigH G 54 Tach i%ﬁfé?ﬁ?@f‘%t‘é%gﬁ@%m ‘
magnetic material, S t pically permalloy Nl[erlFe[err

conponent - $ich a%tm%a@ken@n@ﬁk rivesbecausedhemiernas magnetis digld @omthehe

cosi ne of the angle between the nmagnetization direction in the read

el enent "angedofded! rizRmiktie Mmédiumeiihe l(”?mh[ f81d) causes a change in the direction of
Recor

4 t hrough the read el enent.

data can be read froma rragnetlc
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change in the direction of magneti zation in the read el enent, which in
turn causetheaeadplgmenhand s earsgaponging change in the sensed current or voltage.

In conventional MR read heads, in contrast to MTJ devices, the sense current is
in a direction parallel to the ferromagnetic layer of the read element. "
Thé use of an MTJ device as a magnetoresistive (MR) read head for
magnetic recording has also been proposed, as described in |
U.S. Patent 5,390,061. One of the problems with such an MR head, however, lies
in developing a suitable structure in which the output signal of the device is linearly
related to the magnetic field strength from the recorded magnetic medium and

which, in addition, is a magnetically stable device. Toobtain a linear response in a

'MTJ device is particularly difficult, because, unlike AMR sensors, the current

passes perpendiéularly ihrough the ferromagnetic layers and the tunnel barrier and
thus providc;s no transverse bias field to the ferromagnetic sensirig layer. Thus "
some additional meané must be provided in an MTJ sensor for proper fransverse
biasing of the ferromagnetic sensiﬁg layer so that it will give a linear response to
the sense field. In addition a means must be provided to ensure that the
ferromagnetic sensing layer is maintained in a single magnetic ddmain state. If
such means is not provided a multi-domain state may be formed within the

ferromagnetic sensing layer which may give rise to noise and thereby a decreased



the read el enent and a correspondi ng change in the sensed current or

*vol t age. In conventional MR read heads, in contrast to MIJ devices, the’
sense current is in a direction parallel to the ferromagnetic |ayer of
the 'read“el enent . The use of an ‘MIJ device as a nmagnetoresistive (MR

read head for magnetic recording has al so been proposed, as described in
U.S. Patent 5,390,061. One of the probléns with such an MR head, however,
lies in developing a suitable structure in which the output signal of the
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device. To obtain a linear response in a MIJ device is particularly
di f fi cul t jrreproducible tespphses\niRhectievice to sensa:fielden(Thepdevies mayrhrendi cul arl y
t hrough the ferromagnetic |layers and the tunnel barrier and thus provides

O transvefpiAddan o I'aP% y%ﬁlgtlé‘f’h "eh@%ﬂ’fé?ﬁ istaté By thBpresdifde of@us  sone

addi tional means nust e’ proviad |n an sensor for proper transverse
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ensure that the ferromagnetic sensing layer is maintained in a 5|ngle
magnet i ¢ withefierrogtagnetic iInatesiatfor hergitidinally stakilizing oe biasingithe sehsieg n st at e
may be formed within the ferromagnetic sensing |ayer which may give rise

to noi se gbhBERENY 1afer ShR&RiPthe biasing material is located outside the MTJ stack
and separated from the stack by electrically insulating material.
What is needed is an MTJ MR read head in which the performahce of the
device can be optimized to give a linear output signal by controlling the ;transverse

bias field and in which a longitudinal bias field provides a stable output signal.

Summary of the Invention
The inventioﬁ-is an MTJ MR read head with one fixed ferromagnetic layer

'x and one gener_ally rectangularly shaped sensing ferromagnetic layer on opposite
sides of the tunnel barrier layer, and with a biasing ferromagnetic layef located

' arourld the eide edges and back edges of the sensing ferromagnetic layer. An

_ 'electrically insulating layer separates the biasing layer from the edges of the
sensing layer. The biasing layer is é continuous boundary biasing layer that has
side regions and a back region to surround the three edges of the sensing layer.
When the biasing layer is a single layer with contiguous side and back regions its

magnetic moment can be selected to make an angle with the long edges of the

sensing layer. In this manner the biasing layer provides both a transverse bias



5 si‘gnal -to-noise characteristic of the device and, in addition, may |ead
“to irreproducible responses of the device to sense fields. The device may

be stabilized in a largely single magnetic domain state by the presence of

a longifudinal bias field. IBMs US Patent 5,729,410 describes a MIJ MR

read head wth ferromagnetic material for longitudinally stabilizing or

bi asing the sensing ferromagnetic |ayef, wherein the biasing material is

| ocat ed outside the MIJ stack and separated fromthe stack by electrically

insul atin | | IS¢ ; ;0 which
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signal by controlling the transverse. bias field and in which a

| ongi t udi FRUPHNG Seldsadiingran the-sensing layeetothuysiarovidgfar a linear response of

Summary of the Invention The invention is an MIJ MR read head with

one fixed the MTIMR eéad heay ahd lorgitndingebias dield/to stebiing the hbid s Mieed
sensing ferromagnetic | ayer on opposite sides of the tunnel barrier |ayer,
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| ayer separates the biasing layer fromthe edges of the sensing l.ayer. The
bi asi ng | ahhe disgrete sigde regiensmsyhayerg mscastia gomest orented imea diderest r egi ons
and a back region to surround the three edges of the sensing |ayer.
direction from the moment of the back region in order to provide the correct
combination of transverse and longitudinal bias fields.
F_or a fuller understanding of the nature and advantages of the present

invention, reference should be made to the following detailed description taken

together with the accompanying ﬂgurés.

Qriefp_gcription of the Drawing
Fig. 1 is a simplified block diagram of a conventional magnetic recording disk
drive for use with the MTJ MR read head according to the present invention_.
Fig. 2 is a top view of the disk drive of Fig. 1 with the cover removed.
' Fig. 3—is a ve;tical cross-section of a conventional integrated inductive write
head/MR read head with the MR read head located between shields and adjacent
- to the inductive write head. |

Fig. 4 is a cross-section of the magnetic tunnel junction layers and

conducting leads for use in the MTJ MR read head of the present invention.



Wien:t he bi asi ng layer is a single layer with contiguous side and back
”‘r@gi ons its magnetic nonent can be selected to nake an angle with the | ong
edges of the sensing layer. In this nmanner the biasing |ayer provides both

a transverse bias 6 field
to-conpensate for transverse ferromagnetjc coupling and magnetostatic
coupling fields acting on the sensing | &er to thus provide for a linear

response of the MIJ MR read head and a longitudinal bias field to

stabilize the ag. [-2S3) : . | ' ete
si de regions g% g%%ﬁ“??&?é?@"#?@%ﬁ%%& g? gllegsgs é%ﬁﬁﬁgg\hng@r ﬁgié/&eda
magneti c nonent oriented in a different direction fromthe nonent of the

back regi Baad withrelestrically isglated langitudinal bias regiomsitadbe it and righhsiderefe and

| ongi tudi nal bias fields. For a fuller understanding of the nature
and advantmroRI Jdevik® present invention, reference should be nmade to the
follow ng detailed description taken together with the acconpanying

Fo 1is a sFifG paryawotnasran ety FEIE bt s B RAREARLE, o ng
i sk disposition of the MTJ read head with regard to the air bearing surface. “
Fig. 7 illustrates the ferromagnetic coupling field and magnetostatic coupling
field acting on an MTJ sehsing layer from the pinned or fixed ferromagjnetic layer.
Fig. 8 is a top view of the MTJ MR- read head of the present invention with an
ferromagnetic bias region around three sides of the tunnel junction which provides
both longitudinal énd transverse biaé fields.
Fig. 9 is a top view of the MTJ MR read head of the present invention with
separate ferromagnetic bias regiqns around three sides of the tunqel junction in
which one bias region at the back edge of the tunnel junction provides a
\transve'rse bias field while éeparate regions on the sides of the tunnel junction
provide a longitudinal bias field.
Figé. 1— 0A-10E illustrate steps in the fabrication of the MTJ MR read head of
the present invention according to Fig. 8.

Figs. 11A-11E illustrate steps in the fabrication of the MTJ MR read head of

the present invention according to Fig. 9.

Detailed Description of the Invention



drive for use with the MIJ MR read head according to the present invention.

“Fig. 2 is atop viewof the disk drive of Fig. 1 with the cover renoved.
Fig. 3 is a vertical cross-section of a conventional integrated inductive
write héad/ MR read head with the MR read head | ocated between shields and
adj acent to the inductive wite head. Fig. 4 is a cross-section of
the magnetic tunnel junction layers and &onducting |eads for use in the
MIJ MR read head of the present invention.

77 Filﬂ‘?or él,f\ and 5B are top and cross-sectional views of a prior art
MIJ read ith electrically isolated |ongitudinal bias regions to the

left and right_sjide of the MIJ device. . Fig. 6 is atop viewof the
prior art MrJ Refggingficst & Fig. 4, therpjis idlysiratad.ig sectiongli \dewa schamatic et Mry
read head with regard to the air bearing surface. Fig. 7 illustrates

the ferropriwrein disk Ariveiofahé heleduging amBRinedr.atThe diskighive gonpriebslaact i ng
on an MIJ sensing layer fromthe pinned or fixed ferromagnetic |ayer.

AR R e SR R PO T R
whtch pr Ovcio?/gi 11?012hhe Lgsneg QB%ﬂdn&lve?qq ;;rtrn\?igZvaeéjt?stgrimt?asilyfsi.eeallgdsI"lousing' for
the disk dl_'ive. Typically, there is a gasket 13 located between base 10 and
cover 11 and a small breather port (not shown) for equalizing pres‘suré between
the interior of the disk drive and the outside environment. A magnetic recording
disk 16 is connected to drive motor 12 by means of hub 18 to which it is attached
for rotation by the drive motor 12. A thin Iﬁbricant film 50 is' maintained on the
surface of disk 16. A read/write head or transducer 25 is formed on the trailing
end of a carrier, such as an air—bgariné slider 20. Transducer 25 is a rea!dlwrite
head comprising an inductive write head portion and a MR read head po'rtion, as
‘will be described with respect to Fig. 3. The slider 20 is connected to the -
actuator 14 by means of a rigid arm 22 and a suspensioh 24. The suépenéion 24
- provides a i;iasing force which urges ﬁhe slider 20 onto the surface of the recording
disk 16. During operation of the disk drive, the drive motor 12 rotates the disk 16
at a constant spéed, and the actuafor 14, which is typically a linear or rotary voice

coil motor (VCM), moves the slider 20 generally radially across the surface of the

disk 16 so that the read/write head 25 may access different data tracks on disk 16.



Fig.. 9 is a top view of the MIJ MR read head of the present invention with
separate ferromagnetic bias regions around three sides of the tunnel
Junctlon in which one bias region at the back edge of the tunnel junction
provides‘a transverse bias field while separate regions on the sides of

t he tunnel juncti on provide a longitudiQal bias field. Figs. 10A-10E
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I nventi1 on accor strate steps In t he

fabrication of the MIJ read head of the enti_on ording to
Fig. O. and?llustrates in better 'detai t e syspension2 %@g\g @/gsoa Qrﬁg%pﬁ%m , 8n
8 Prior Art Referring first to Fig. 1, there|S|IIustrated|n

sect i onal skdenttcatyenittowardfthe digkr 16 Thetsudpehsidnimay bé & tenventienaki ng a
MR sensor. The disk drive conprises a base 10 to which are secured a disk

drive ot @fyelgr ibeMBiohC 5HEM 85 tHé welltkhdvn Watrous suspension, as described in

IBM's U.S. Patent 4,167,765. This type of suspension also provides a gimbaled
attachment of the slider which allows the slider to pitch and roll as it rides oﬁ .the
air bearing. The data detected from disk 16 by the transducer 25 is processed into
a data readback signal by signal amplification and processing circuitry—in the
integrated circuit chip 15 located on arm 22. The signals f,rom- transducer 25 travel
via flex cable 17 to chip 15, which sends its output signals t'o the diék drive |
electronics (not shown) via cable 19.
Fig. 3 is a cross-sectional schematic view of the integrated read/write

head 25 which includes a MR read head portion and an inductive write head

~ portion. The head 25 is lapped to form-an air-bearing surface (ABS), the ABS
\being spaced from the surface of the rotating disk 16 (Fig. 1) by the air bearing as
discuséed above. The read head includes a MR sensor 40 sandwichea between
first and second gap Iéyers G1 and G2 which are, in turn, sandwiched between
first and second magnetic shield layers S1 and S2. In a conventional disk drive, |
the MR sensor 40 is an AMR sensér. The write head includes a coil layer C and
insulation layer 12 which are sandwiched between insulation layers i1 and I3 which
are, in turn, sandwiched between first and second polé pieces P1 and P2. Agap

layer G3 is sandwiched between the first and second pole pieces P1, P2 at their



cover' 11. The base 10 and cover 11 provide a substantially seal ed housing
‘for the disk drive. Typically, there is a gasket 13 | ocated between base
10 and cover 11 and a small breather port (not shown) for equalizing
pressure between the interior of the disk drive and the outside
environment. A magnetic recording diskle I's connected to drive notor 12

13 "At i Aol bt B 6 s Yoy BER madtark 54, PloBY it plofle s '

read/ wite head or transducer 25 is forned on the trailing end of a
carrier, sumgntis condsctedibsougiythel caildayerC andifiedisdaduces indo the fiesiandi t e

head conprising an inductive wite head portion and a MR read head portion,

as W |l Bgceaspblelagerdip Pz‘ééﬁﬁhgfﬂgx'fb% 2g?e aditfisthb Mle fps bﬁtrfé)AB@?t ed to

the actuator 14 by neans of a rigrd arm?2 a suspensi on 24.
suspen5|o rovi des a b n forc ur.ges e.slider 20 onto t he
surface of hf%%”’?@@@ﬂﬁf?ﬁs '59 t{% ﬁ'ff’g Q’? f’%&@?“'ﬁ%%ﬂ% drive, the
drive nmotor 12 rotates the disk 16 at a constant speed, and the actuator

14, whi choperatippi dliting a read eperation; magnetized cegionsion thetrotating@igk 16oves
the slider 20 generally radially across the surface of the disk 16 so that

t he r ead/ jé§q|d9ﬁﬁg) the MRYscHepD dlithd ?éé‘d‘he5§t %}d&ﬁ@# kisu@t%ngé %haﬂlﬁes in

top view of the interior o drive wt

11
cover rr?e”RMf sénsor 40. These resistance changes are detected by detectmg voltage

changes across the MR sensor 40. The voltage changes are processed by the
chip 15 (Fig. 2) and drive electronics and converted into user data. The combined
head 25 shown in Fig. 3 is a “merged” head in which the sepond shield layer S2 of
the read head is employed asa first pole piece P1 for the write head. In a
piggyback head (not shown), the second shield layer S2 and the first pole piece P1
are separate layers. |

The above description of a tybical magnetic ;'ecording disk drive with an AMR
.read head, and the accompanying Figs. 1-3, are for representation purposes only.
Disk drives may contain a Iarge_ number of disks and actuators, and each actuator
may support a number of sliders. In addition, instead of an air-bearing slider, the
head carrier may be one which rﬁaintains the head in contact or near contact with
the disk, such as in liquid bearing aﬁd otﬁer contact and near-contact recording
disk drives. |

Fig. 4 illustrates a prior art MTJ MR read head with an MTJ sensor for use in

plaée of the MR sensor 40 in the read/write head 25 of Fig. 3. A bottom electrical



and |1Iustrates in better detail the suspension 24 which provides a force
to the slider 20 to urge it toward the disk 16. The suspension may be a
conventlonal type of suspension, such as the well-known \Watrous
suspension, as described in IBMs U S Patent 4,167,765. This type of
suspensi on al so provides a ginbaled attgghnent of the slider which allows
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readback si gnal nal anplification and processing circuitry in the
i nt egr at e@®F @Itemﬂtwebrrtﬂg lead 182 a0@xbe dormed directiyhen theymagneticshiald Sfsducer
25 travel via flex cable 17 to chip.15, which sends its output signals to

the di sk qihevdTJelloBos then fsrmiatPas 8496k oflafe’Abétivekh the bottonfr! élect?ighﬁwhl e

cross-sectional schematic view of the int egrat ed read/wite head
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spaced fromthe surface of the rotating disk 16 (Fig. 1) by the air bearlng
as di scuisoiatediitore thersbield:§2 drenaly bedinedtly canhetteditodhe 4hield iS@aviichd
between first and second gap layers GL and & which are, in turn,. .

sandui che fhdyefonetselferear HbISERRANGITRAB!NE MTY Bkficayer s S and 2. In a

conventi onal” di sk drive, sensor. 40 1s an AMR sensor. The wite head

bet veen | nsul dEdR P 498, 'e&dgeaﬁﬁﬁé A St ML A SRR Rl bet veern

first and second pole pieces P1 and P2. A gap |ayer G3 is sandw ched

bet ween t insulating tuanel barcien thyeo120pard aseebndrt tap didéatrode stack 130. Each
of the electrodes includes a ferromagnetic layer in direct contact wjth tunnel barrier
layer 120, i.e., ferromagnetic layers 118 and 132. |

The electrode layer stack 110 formed on electfical lead 102 includes a seed

or “template”lay_er 112 on the lead 102, a' layer of antiferromagnetic material 116
on the template layer 112, and a “fixed” ferromagnetic layer 118 formed on and
exchange coupled with the underlying antiferromagnetic layer 116. The
ferromagnetic layer 118 is called the fixed layer because its magnetic moment or
magnetization direction is prevented from rotatién in the presence of applied
magnetic fields in"the desired range of interest. The top electrode stack 130
includes a “free” or “sensing” ferromagnetic layer 132 and a protective or capping
layer 134 formed on the sensing |a>.ler 132. The sensing ferromagnetic layer 132
is not exchange coupled to an antiferromagnetic layer, and its magnetization

direction is thus free to rotate in the presence of applied magnetic fields in the

range of interest. The sensing ferromagnetic layer 132 is fabricated so as to have

A



10 pole tips adjacent to the ABS for providing a nagnetic gap. During
‘witing, signal current is conducted through the coil layer C and flux is’
i hduced into the first and second pole |ayers P1, P2 causing flux to
fringe across the pole tips at the ABS.- This flux nmagnetizes circular
tracks on the rotating disk 16 during amMrite operation. During a read

oper at| 0Ny IRAIRKEZRGrERPhPfiRoRBnor HaMICSHbA BPambl 729 deited 0 t he

MR sensor e rea causing reskstance changes In sensor
40: These resi stance changes_are detected by detecting voltage _changes
across t hgensraligparllel to tmwmﬁw%mg@eap%aﬁ@l 3@@@@33'& Rig- %%res 15
(Fig. 2) and drive electronics and converted into user data. The conbi ned

head 25 shorFign3yand génétall? pempadiclilahtnthe maghetizationedicsstioncofthe dixad! ayer
S2 of the read head is enployed as a first pole piece P1 for the wite

head. | ?erb%g@%%clﬁggre?‘% frpﬁ'faet ] ’-oftﬁeaﬁﬁ%ﬂ}ﬂgﬁggﬁé ﬁelgi‘?‘me eqnd the

first pole re sepa ayers. ove déscription of a
typi cal magnetic recording disk drive with an AMR read head, and the
atconpany fetprRgasticlager 418 i eleciede stank 410 st bensatiodiednnsl bawisk dr i ves
may contain a |arge nunber of disks and actuators, and each actuator may
fﬁgpor t aldyernoo Hals it maghetizdtibrAdifddtiofTixed 5 idtsHadialaskohehgl @dupeg S| | der,
with the immediately underlying antiferromagnetic layer 116, which also forms part
of bottom electrode stack 110. The magnétization direction of the ﬁxéd
ferromagnetic layer 118 is oriented generally perpendicular to the ABS, i.e., out of
or into the paper in Fig. 4 (as shpwn by arrow tail 119).
Fig. 5A and Fig. 5B show respectively, a sectional and a top view of the MTJ
MR read head of Fig. 4 with additioﬁally a biasing ferrromagnetic layer 150 for
. Iongitudinally biasing thé magnetization of the sensing ferromagnetic layer 132,
“and an insulating layer ‘1160 separating and isolating the biasing layer 150 from the
‘sensing ferromagnetic layer 132 and the other layers of the MTJ 100. The device
of Figs. 5A-5B is described in more detail in IBM's US Patent 5,729,410. The
biasing férromagnet[c layer 150 is comprised of a hard magnetic material, such as-
a CoPtCr alloy, that has its magnetic moment (shown by arrow 151) aligned in the
same direction as the magnetic moment 133 of the sensing ferromagnetic
layer 132 in the absence of an applied magnetic field. The insulating layer 160,

which is preferably alumina (Al,Q,) or silica (SiO,), has a thickness sufficient to

' electrically isolate the biasing ferromagnetic layer 150 from the MTJ 100 and the



head.’carrier nmay be one which maintains the head in contact or near contact
‘with -the disk, such as in liquid bearing and other contact and '
near - contact recording disk drives. - Fig. 4 illustrates a prior art
MIJ ‘MR reéad head with an MIJ sensor for use in place of the MR sensor 40
in-the read/ wite head 25 of Fig. 3. A ppttom el ectrlcal

ayer " Opettel BB OF 4 A PP SHBSBT harFIETRIBIE G e

magnetic shield S1. The MIJ 100 is then fornmed as a*stack of Ia ers
bet ween t withiae sensisgdetromagneticdayeri@2. abie aradijet M é@tfrfh%b?laﬂ"&d 104. The
top electrical lead may be electrically isolated fromthe shield S2 or may

be direct Téfrcﬁﬁé@?éﬂcqayémswﬁafeems%e thﬂétlc%nfe’ht gsr AR 'a?eé’éf iheof the

el ectrical circuit tot e devi ce includes a first or
bottom €&l ectro er stack 110, an I at| n nel barrjer |ayer
150, and Bt B rmieousic ge sht i thahiaknens QNG RITaTegRFiGes

i ncl udes a ferromagnetic layer in direct contact with tunnel barrier |ayer

120, 1i.e. lafy‘eﬁ)rrhosﬂg@gtea:tef theer o dduibl a0 thel BPt of the seriding éereomagretic ay er
stack 110 ormed on electrical lead 102 includes a seed or "tenplate"

| ayer 112la%rt1§§ t&) %@guﬂeogtabiae foﬁﬁﬁﬁdi%l tﬁgéi' 5?r§i883%9§“a%n%5%6ﬁ%n}8?

Nij00:9-F€4 (X being approximately 19) that is typically used in the sensing
ferromagnetic layer 132 is about twice that of the magnetic r_noment of a typical
hard magnetic material suitable for the biasing ferromagnetic layer 150, such as
Co,sPt,5Cr,,, the thickness of the biasing ferromagnetic layer 150 is at least
approximately twice that of the sensing ferromagnetic layér 132.

Fig. 6 is a similar .top view of the MTJ MR head shown in Fig. 5B but
showing the disposition of the MTJ head with respect to the ABS. The dashed
line 161 represents the ABS and the line to which the Iayefs' are lapped back after

| the MTJ MR head is fabricated. The MTJ 100 is depicted as a stripe having a
'wi_dth TW, appropriate to fhe track width of the recorded data on the disk, .and a
final stripe hieight SH after lapping. The width of the recorded data track is |
typically wider than TW. Note that for purposes of clarity we shall refer to the
edges of tHe MTJ sensor where the longitudinal bias regions 150 are disposed as
the left and right edges 180.
- A sense current | is directed from the first electrical lead 102 perpendicularly

through the antiferromagnetic layer 116, the fixed ferromagnetic layer 118, the



on the tenplate layer 112, and a "fixed" ferronagnetic |layer 118 fornmed on
*and exchange coupled with the underlying antiferromagnetic |ayer 116. The
ferromagnetic layer 118 is called the fixed | ayer because its magnetic
moment or nagnetization direction is prevented fromrotation in the
presence of applied magnetic fields id4the desired range of interest. The

t . | t H n n n H n ' H |
132 and_ 87! BB vt 1A endis snsmoiropiagrRfelaRg 1oZaa e IEGE © 1 45
The sensing ferromagnetic layer 132 is not exchange couplﬁeqd to an

ant i f er r offigHah the pagend elgglical leadyldkt As dessribedipfavieudy the ameuntofee to

rotate in the presence of applied magnetic fields in the range of

i nt er est . tuhineling Tairreat trbughtige Rinnel bastesr 1dyst 120 isabfunctibr of tite pslative have
12 its magnetic nonent or nmagnetization direction (shown by arrow 133)

paper 1 n PHENE B b felgheti B ortiS skl Brierchd el ol | 7, 11

magneti zation direction of the fixed ferromagnetic |layer 118 in the
absence ofaygrs Appi 132 thed @re @diacenttaiand irecentaetiwith dhe dirngl barden ayer 1 18
in electrode stack 110 just beneath the tunnel barrier layer 120 .has its

G ot o3 undo |y e N oGt e o vy Ch B eacTor e par
direction of the sensing ferromagnetic layer 132 to rotate away from the
direction 133, i.e., either into or out of the paper of Fig. 4. This changés the
relative orientation of the magnetic moments of the ferromagnetic layers 118, 132
and thus the amount of tunneling current, which is reﬂecteq as a chénge in
electrical resistance of the MTJ 100. This change in resistarice is detected by the
disk drive electronics and process:ed into data read back from the disk. The sense
current is prevented from reaching the biasing ferromagnetic layer 150 by the
electrical insulating layer 160, which also insulates the biasing ferromagnetic
.Iaycle__r 1'50 from the electrical leads 102, 1. 04.

- The presence of the |on§itudinal bias regions 150 in Figs. 5A-5B énd 6 allow |
for s{abi]ization of the MTJ ferromagnetic sensing layer into a largely single
magnetic domain state. _In the absence of the regions 150 it is very likely that the
magnetic poles which would then bé present at the edges 180 of the sensing layer
132 would result in the formation of closure domains at these edges. The multi-

domain state of the sensing layer would then give rise to noise and irreproducible

signals for otherwise the same sense field.



of boettom electrode stack 110. The .nmagnetization direction of the fixed
‘ferromagnetic layer 118 is oriented generally perpendicular to the ABS,

i e., out of or into the paper in Fig. 4 (as shown by arrow tail 119).
Fig. 5A and Fig. 5B show respectively, a sectional and a top view of the
MId M read head of Fig. 4 with additiﬁnal ly a biasing ferrromagnetic

| ayer 150,5‘ngferré ib .é.\?t l'y biasing tl e magneti zati on of the sensing
ferronagnet—”—c—lﬁgl—?gg‘\"——%, nd an insulating |ayer 160 separating and

i solating the biasing |layer 150 fromthe sensing ferromagnetic |ayer 132
and the ot her While:the longitudingibias negions elignnate dhe slostre domginssigripsoper
described in nore detail in IBMs US.Patent 5,729,410. The biasing

ferr OﬁﬁgnéFéfatlo’rW@ffthéfmTil fead iBad sivgreqs, i dtRlitibrireoreeuiremant tidtahe such as
a CoPtCr alloy, that has its magnetic nmonent (shown by arrow 151) aligned

in the | rect] | 3 f . S |

ferr omagnz1 oq'ﬁea@tébg%%ai ﬁ?ﬁh@%?&%%@%ﬁ#ﬁﬁ?@ej rﬁgbsn%}ﬁ%‘;%aq QYd. The
insulating layer 160, which is preferably alumna (A[err] qerré‘% or
silica (Spomesrly fransuessely thirsing thesmagnetic mamentof thesensingdaygr 1331 lite t he
bi asing ferromagnetic layer 150 fromthe MIJ 100 and the :

13 el ectr yeahuiesagst stdke in,]{ﬂ%al:f%'éhcé of 8hy lsbnb8 ifid|PHeUStirh IRt 1' gratf_lc_zrr]\eof

magnetostatic coupling with the sensing ferromagnetic |ayer :
Pr oduct Millne RIIT.} Peea \ad i%ne in which the magnetic moment of the sensing layer 132

is oriented approximately parallel to the ABS 161 and approximately ;;erpendicular
to the magnetic moment of the pinned or fixed ferromagnetic layer 118. The
moment of the fixed ferromagnetic layer 118 is oriented Iargely perpendicular to
the ABS. Under these circumstances the magnetic moment of the sénsing layer is
arranged such that the MTJ device has maximum sensitivity to the sense field
since the tunneling conductance of the MTJ device varies cosinusoidally és the
angle between the directions of the magnetic rﬁoments of the sensing Iayér 132
‘and the fixed layer 118. Moreover, the maximuh angular excursion of the
magnetic moment of the sensing layer, resulting from the presence of the sense
field before saturation of the tunneling conductance of the device, is the same for
either direction of the sense field paralle! and .antiparalllel to the normal to the ABS.
As shown in Fig. 7, the sensiﬁg layer 132 has a front edge 182 that faces the
ABS, a back edge 190 and side edges 180. The orientation of the magnetic
moment of the sensing layer 132, in the absence of any sense field, is determined

by the net effective magnetic field acting on the sensing ferromagnetic layer. As



ferromagnetic | ayer 150 (where Mis the magnetic nonent per unit area of
‘the nmaterial in the ferromagnetic layer and t is the thickness of the
férromagnetic |ayer) nust be greater than or equal to the Mt of the
sensing ferromagnetic |ayer 132 to assure stable |ongitudinal biasing.
Since the magnetic nonment of Ni[err]-FAgerr] (x being approximtely 19)

that is typi ' L ' | '

twi ce  haflos el REFRET s rshoresbi b dbiince Bet o
suitable for the biasing ferromagnetic |ayer 150, such as

Co[ er r ] Pt fasremagnelic gounling fiald Hk between thersensing lawer a2 anhiedped | ayer 150
Is at least approxinmately twi ce that of the sensing ferromagnetic |ayer

132. ferforfagfeticlages | 18 bAd the magriosthtic beuping filldéseh tHeogending Fi 9. SB
but show ng the disposition of the J head with respect to the ABS. The

| apped baltoLPREPOTRRERCRS M feToabio ol Bt i fobdh 485 i B d” Copi £ e

as a stripe having a wdth TW apﬁrop_ri-ate to the track width of the
recorded teiremagneticlayes kin agditien, the sensisgrlayr 1l giay ehikit semelraggnetis The
wi dth of the recorded data track is typically wider than TW Note that for

pur poses Qﬁis@tr@F'y iwhide nidyabor #lecoridratidteof #éanBgAbtic Rormé@nt ¢TaRE 8EndiRgr €

t he | ongi tudi nal " bias regions 150 are disposed as the left and right edges
180. nse curre?H
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terromag ngaiis%trlog%//?rrlaylﬁs’e %2% the intrinsic magnetocrystalline anisotropy C;f the
ferromégnetic material comprising the sensing layer or may be induced via the
deposition of the sensing ferromagnetic layer in a magnetiq field or via the sehsing
layer's magnetostriction from stress in the sensing layer, for 'example, introduced
during the processing of the MTJ device. In addition, there may be some magnetic
shape anisotropy derived from the self magnetostatic field of the sensing layer.

The magnetostatic coupling field Hy may be varied by varying the thickness

-and magnetic moment of the fixed _ferromagnetic layer or by forming the fixed

- ferromagnetic layer from an antiferromagnetically cdubled sandwich of two
ferrorpagnetic layers separated by a thin antiferromagnetically coupling layer, as
described in IBM’s pending application Serial No. 08/895,118 filed July 16, 1997.
The ferfomagnetic coupling field HF- may be varied by introducing a thin non-
ferromagnetic layer between the tunnel_ barrier layer 120 and the ferromagnetic

sensing layer 132, as described in IBM’'s pending application

Serial No. 08/758,614 filed November 27, 1996. However the use of additional



14 tunnel barrier layer 120, and the sensing ferromagnetic |layer 132 and
‘then out through the second electrical |ead 104. As described previously,
t he anmount of tunneling current through the tunnel barrier layer 120 is a
function of the relative orientations of the magnetizations of the fixed

and sensi ng ferromagnetlc | ayers 118, B2 that are adjacent to and in
cont act e _tunn barri 120 |G f omthe
recor ded (!I‘é? erE e?ﬁe\ ﬁ%@lﬁ%éoﬁaﬁﬁ%r{nagm%%]&otﬁggﬂgéﬁéoé gﬁlsn%rllléé
fefromagnetic |ayer 132to rotate away fromthe direction 133, i.e.

ei t her i nrespanseef the Nhé dexiser Meraaver theseTpthasisraguise eraore epmplicated
orientation of the nmagnetic nonents of the ferromagnetic layers 1 18, 132

and thus ey a&vw&ﬂwwhiéhﬂﬁb*ﬂr@ rAdie difffcult Wb infdnufactufé bREnedly Asgurechange in
el ectrical resistance of the J 100 This change in resistance is detected

sk scnal feposiion BouiRs TR K AFRAH WP MR e e TR e

ferromagnetic |ayer 150 by the electrlcal i nsul ating |ayer 160, which al so
i nsul at es Runthepinase the magnetiagrament (andmnseqwemﬂmﬁhetth@kaeea)tmftbal | eads
102, 104. The presence of the |longitudinal bias regions 150.in Figs.

|5/r61\t iBaalngrs@n?ngwerf Aoy Peidd BydnePderit gtdi?ewrﬂeﬁ%émﬁﬂﬂfé for oRFiuRg | ayer
gely sihgle "magneti ¢ domain State. In the absence of the regions
150 it is pv?'fo’émlahég |o¥ theh ﬁ'ltagne%c recording read head.
In conventional MR devices there is an additional magnetic ﬁeld“operating on
the ferromagnetic sensing layer which arises from the current which is passed
parallel to the layers of the magnetic device. By contrast, ip MTJ devices the
current is passed perpendicular to the ferromagnetic layers and thereby produces
a negligible transverse magnetic field on the sensing layer. Thus in the MTJ
device a mechanism to _provid'e an additional 'transverse magnetic bias field is
needed to optimally bias the MTJ device. Ae illustrated in Fig. 8 such a transverse
‘bias field is provided by a ferromagnetic biasing layer 320 that has longitudinal
bias regions 322-near the left and right edges 180 of the sensing layer 132 (as
shown in Flg 7) and a transverse bias region 324 along the back edge 190 away
from the ABS surface. The biasihg layer 320 will be referred to as the continuous
boundary biasine (CBB) Iayerj The front edge 182 of the sensing layer in MTJ
sensor 160, ie., the edge located at the ABS, remains uncovered so that magnetic

flux from recorded bits in the magnetic medium n';ay be detected by the sensing

" layer. The front edge of the MTJ sensor may be situated directly at the ABS as in



magneti ¢ pol es which woul d then be present at the edges 180 of the sensing

‘layer 132 would result in the formation of closure dommins at these edges.
The multi- domain state of the sensing-layer would then give rise to noise
and irreproducible signals for otherwi se the sane sense field.

15 Preferred Enbodi nents Whil e thg | ongi tudi nal bias regions

el | m nat eF@%acgJ faybe (SREBLAP frORY the' ran&ﬁgrfm&i A8y Bk Brﬁggw% W%ad head

there is, a requirenment that t response o ead be

lihear in_th i ed field This i i eved b
L1 Ancver SEICPSBPALIONG S0E SR SETSOrRBRENS O! ALEAdEn g AR OHte 11 ¢ he

qui escent state in the absence of any sense field the optimum configuration
of the Midditienal bias.degion @24 atrtheftbiack edge T@foaikbws: foreneoderdtetameourtsii ng
| ayer 132 is oriented approximately parallel to the ABS 161 and

13 C _approxi mal ¢ y - fixed
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is oriented |argely perpendicular to the ABS, Under these circunstances
t he magne@dditinBnaiAngiudingt biasigd dalong dhe directipn q @1@@@%@%@ Figh@) MrJ

devi ce has maxi num sensitivity to the sense field since the tunneling
conduct anaaydie apelidditd theWWITd 108rbyesanting thesiiedtioh f &se triegnetic moment of

the CBB layer 320 away from the ABS in the plane of the film, as indicated by the
arrow 380 in Fig. 8. By properly adjusting the canting angle 6, the méénitude of
the transverse bias field from the CBB layer 320 can be arbitrarily varied, within a
certain range, so as to obtain a more complete compensatign of the transverse
fields Hy and He: on the MTJ ferromagnetic sensing layer. At the same time_the
CBB layer 320 provides a sufficient longitudinal bias field for stabilization of the
MTJ sensor. The magnetic moment can have a direction 380 between +/- 90
degrees, where 0 degrees corresponds to a purely l_ongitudinal direction parallel to
the long edges of thé rectangularly shaped sensing layer 132 and in the'same

" direction as the moment 6f ;hé sensing layer in the absence of an appﬁed field.
Propg.-r selection of the angle 9 as'su.res both transverse biasing to compensate for |
transverse fields for a linear re;,sponse and longit;ldinal biasing for stabilization.

As shown in Fig. 9, in an altefnative embodiment a CBB layer 425 may be

formed as three distinct portions, the two longitudinal bias portions 420 at the side
edges of the sensing ferromagnetic layer of the MTJ 100 ahd the rear or back

transverse bias portion 425. The longitudinal bias field is provided by the bias



angl € between the directions of the magnetic nmoments of the sensing |ayer
132 and the fixed |ayer 118. Moreover, the maxi mnum angul ar excursion of
the .magnetic noment of the sensing |ayer, resulting fromthe presence of
the sense field before saturation of the tunneling conductance of the
device, is the sanme for either directi 3@ of the sense field parallel and

ant i par al peHidng 43 at P Bl dnd Adi SRS sdges 180°8f BHOMITJ 100 bt inkhist Ne
sensi ng Igyer 1342 hgs a front ed(}ge 1828(%%1eat faces the ABS, a back edge 190

[ .180. .. T lentati f the magnet.i noment of the sensing
faver 1328 MEORRRG e diatha PO 8EiErepr BHES 50 deRioARRES BjoRaEner
effective magnetic field acting on the sensing ferromagnetic |ayer. As

16 i | | ust regied 425hcthus thel magneticingmehts bf the two biagirig/regions 420 ehdef25
bal ance between any ferromagnetic coupling field HF between the sensing

| ayer 13'2caﬁ%etihee;f:émféhtlyfcﬁsﬁgﬁaﬂt%%rbﬁdbat}ﬁérap#éé?nzéige##ﬁpﬁgﬁaﬁ@lgﬁbﬁg iﬂ%r&i .

coupling field HD on the"sensing layer arisi . M
poles at t edges 185, ,of Mlqe fixed ferronaé:)n_etlc | ayer. In addition, the
R i

sensi ng | fEnddong alias figldsedndn gimeleet efppodiment thaginestion t he
orientation of the magnetic nmoment of the sensing layer along a particular
di r ect i onof the: magpetic maments of dlee trangvéragamd [Ghgitudigakbias regions a2ooyd nay
arise fromthe i ntr i nsi c magnetocrystalline anisotropy of the

425 are oriented along a common canting angle along the direction indicated by

the arrow 480 in Fig. 9. Thus the longitudinal and transverse bias ﬁelas are along

the directions indicated by the arrows 484 and 482 in Fig. 9. In another

embodiment, where the transverse bias portion 425 and Iopgitudinal bias portions

420 are formed from different hard or high coercivity ferromagnetic materials, the

canting angle 0; of the transverse bias region 425 and the canting angle 8, of the

longitudinal t;ias region 420 may be set at different canting angles.

A répre:s‘.entative set of materials for MTJ 100 (Fig. 4) will now be described.

~AII of the layers 6f the MTJ 100 are growh in the presence of a magnetic field

applied -parallel to the surface of the substrate.. The magnetic field ser;/es fo prient

the easy axis of all of the ferromagnetic layers. A 5 nm Ta seed layer (not shown)

is first formed -on a 10-50 nm Au layer that serves as the electrical lead 102. The

seed layer is comprised of a materiél which encourages the (111) growth of the

face-centered cubic (fcc) Nig,Fe,, template layer 112. The template ferromagnetic

layer 112 encourages the growth of the antiferromagnetic layer 116. Suitable seed

layer materials include fcc metals, such as Cu, as well as Ta or a combination of



ferromagnetic material conprising the sensing layer or may be induced via
*the deposition of the sensing ferromagnetic layer in a nmagnetic field or
via the sensing |ayers magnetostriction fromstress in the sensing |ayer,
for ‘exanple, introduced during the processing of the MIJ device. In
addition, there may be sone nmagnetic sk&pe anisotropy derived fromthe
sel f magnedyess aduch as 8l8Inmf TaBss RRNSUN T HeAWE base electrbe Bhitkei fpt ati €
coupl i ng fiel d HD may be varied by varying the thickness and nagnetic

nmoment of the fixed ferr Jde | ayer by, f ' .t fi

f erronmagn fgﬂ'@r\s&?& Stﬁ% rﬂ?gﬁgﬁﬁ'?‘ﬁ 8?9?@%%0%?‘40@5\5‘% ng gﬁﬁ‘ E%géﬁfg% éhz'of t wo
ferromagnetic | ayers separated by a thin antiferranmagnetically coupling

| ayer, as 116348, respectivelphgrownonitheyTaseeddayeroen the 1e420Mm Aislayes 1023
filed July 16, 1997. The ferromagnetic coupling field HF may be varied by

i nt roduci ntheAAt o4y RYBr 102 9 fRARANGH tHe diakha Qaﬁfvméférfhheﬂthaﬂ@én@érdsi e
| ayer 120 and the ferromagnetic sensing |layer 132, as described in IBMs

pendi 19 aRbkeal Hex i finnePoaler 152r 5 LbRRed BY HERREIRG arid e Ho4eve"
non-ferromagnetic | ayers reduces the nmagnitude of the magneto- tunneling

response @lasrha oxitlizingai @ 6-2 v Aldayer. t This ereatesdbe Algyinsalatingdunrnel
conplicated MIJ device 100 which nay be nore difficult to manufacture and

May requi igrrier layer 120. The top electrode stack 130 is a 5 nm Ni-Fe/10 nm Ta stack

(layers 132, i34, respectively). The Ta layer 134 serves as a protectfve capping
layer. The top electrode stack i30 is contacted by a 20 nm Au layer that serves
as the electrical lead 104. |

Note that since the current passes perpendicular to the layers in MTJ 100,
the resistance of the MTJ device will be Iargely dominated by that of the tunnel
barrier layer 120. Thus, the resistance per unit area of the conducﬁng
leads 102,_104 éan be much higher than in conventional MR read heads in which
.the current_ flows parallel to the layers. Thus, the leads 102, 104 can be made
thinner and/or narrower than in conventional MR head structures, and)or can be
madg from.i_ntrinsically mofe resistive materials, such as alloys or combinations .'of
elements.

It is important that the layers iﬁ the bottom electrode stack 110 be smooth,

and that the Al,O, tunnel barrier layer 120 be free of pinholes which would

electrically short the junction. For example, growth by sputtering techniques



addi tional deposition sources for the additional |ayers which may not be
*avai l abl e. Furthernore the magnetic nonent (and consequently the

t hi ckness) of the sensing layer may be fixed by the density. of recorded
magnetic bits for optinmum performance of the magnetic recording read head.
I n-conventional MR devices there is an ﬁhditional magnetic field operating

on the f%ﬁowmﬁbhﬁcéq&gy@ahﬁm?néﬁkﬁisﬁhbé%ﬁet@m fBaalid miftidyethi ch is

passed parallel to the ers of The magnetic device. By contrast, in MIJ

devices th cu.rregé | St passed perpendi cular to the ferromagnetic |ayers
and therelﬁ?a‘a?so' C‘e%‘negl I gi ble transverse magnetic field on the sensing

|l ayer. Thus in the MIJ device a nechanismto provide an additional
transver se nadhealterngtive sensing fesomagnetid layerdi$2 may be eomprisedof@thidevi ce.
As illustrated in Fig. 8 such a transverse bias field is provided by a

f err omagngtd er @oasix?r':g3 | 8V Rl 32ﬁe8%(&(6)|‘§ dpﬂﬁoilﬁﬁ%%g@@? a@eerr a?%ﬁé ift84hGAS 322

- near the left and gﬁ’? edgﬂé’%’"l e sensi 2 (as shown in
Fig. 7) and.,a transverse hias regi gn,324 alon he back edge, 190 away. from
The' ABS o (etilesn The Sons BeITREOMEgDRUG Yok 12 A1 iner el aes aveRd 20. with

continuous boundary biasing (CBB) |layer. The front edge 182 of the sensing

llayer in Nié bulleoblayed 082 beirg a iovaenaghetodtrickidrehaagrialnsudiBas NiggpiFes (x is
uncovered so that nmagnetic flux fromrecorded bits in the maghetic nmedi um

TRy be delSSSniHiel "R S A8 mb@HGikstbien dr L 15598r ndifg YRt vilingOT ™Y

thin Co or Co;p0F €y O NieeFey (X is approximately 60) interface Iéyer is

" arranged to have a value closé to zero by slight variations of the composition of
the bulk of layer 132. An alternative fixed ferromagnetic layer 118 hay be

~ comprised largely of a bulk Ni(“-,w,F_e(x,. layer with a thin layer of a Co or COgeFey
or NigeenFey (X is épproximately 60) layer at the interface with the tunnel barrier
layer 120. The largest signal is obtained with Co or with the highest polarizafion
Nijoonfe, (X is ap.proximately 60) or CoygoyFegy alloy (x is approximately 70). The
| interface layer is optimally about 1-2 nm thick. The net magnetostrictipn of the
combined layer is larrang_ed to be ciose to zero by small variations of the
composition. | If the bLllk of layer 118 is Ni-Fe, then the composition is Nig,Fe,,, the
'oomposition for which bulk Ni-Fe has zero magnetostriction.
| The Fe-Mn antiferromagnetic layer 116 may be replaced with a Ni-Mn or Ir-
Mn layer or other suitable antiferromagnetic layer which exchange biases the
ferromagnetic material in the fixed layer 118 and which has a resistance which is

substantially less than that of the Al,O, barrier layer 120. For example



18 Frg. 8 or may be recessed fromthe ABS and the flux may be brought to
'the recessed front edge of the sensor by neans of a flux guide. The use of
the additional bias region 324 at the back edge 190 allows for a noderate
anount of transverse bias field (along the direction indicated by the
arrow 382 in Fig. 8). In addition, a I¥hgitudinal bias field (along the

di rect i onaffifefrdthadirctit oxide layefd With SLifficiet dbﬁdﬂ@ﬂi{yﬁﬂggcbet liged\VTih 100 by

canting the direction of the magnetic nonent of the B | ayer 320 away
fromthe ABS..in t | ane of the fi.l as, t.ndi cat by th arrqow 380 in
Fo s epiainBernle Rfceteesembodimas HRIHER Bitpmachilic i HARIE of
the transverse bias field fromthe CBB | ayer 320 can be arbitrarily varied,

wi t hi n a magnetic momenkfixecbby intedacist exahangemouptiogwith: an eotifesemagneticof
the transverse fields Herr] and Herr] on the MIJ ferromagnetic sensing

ayer. Al igyBr, thTRebifERomlincfeRaetdy 58 forfiy brig dyrisfichily R high et ¢

|.ongi t udi biras field for stabi’lizat’ion of the MIJ sensor. The

noment can have a djrectjon 380 between +/- .90 degrees, where 0 degrees
Cor r esponBRSTCHY Thateskl, ersYAading Tor need foran aRtieromagneticlayeon e dges
of the rectangul arly shaped sensing |layer 132 and in the same direction as

t he nonenhard fixdtefesrmsagneticidager mayithies bé $emeexd fromea vappty effefrioatagnetier oper
selection of the angle [err] assures both transverse biasing to conpensate
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Layer 425aﬁ<§iyys, b(‘30—Pt-C_r alloys, Co-Cr-Ta alloys, Co-Cr alloys, Co-Sm alloys, —Co—'Re
alloys, Co-Ru alloys, and CoTNi-X alloys (X = Pt, Pd, or Cr), as well as a variety of
quaternary alloys, such as Co-Ni-Cr-Pt and Co-Pt-Cr-B. ’
While the MTJ device deséribed and shown in Fig. 4 has the fixed
- ferromagnetic iayer on the bottom of M'I_'J 100, the device can also be formed by
.depos%ting the sensing ferromagnetic layer first, 'folloWed by the tunnel barrier
layer, _the fixed ferrom'agneti'c; Iéyer, and the antiferroﬁa-gnetic layer. Such an MTJ

device would then have the 'Iayer_s-essentially inverted from the MTJ 100 shown in

Fig. 4.

Process for Fabricating the MTJ MR Read Head of the Present Invention
The process for forming the MTJ MR read head with the CBB layer 320 of
the present invention will first be described with reference to the process flow

diagram of Figs. 10A-10E. In this series of figures only the top view of the device



formed as three distinct portions, .the two |ongitudinal bias portions 420
‘at the side edges of the sensing ferromagnetic |ayer of the MIJ 100 and
the rear or back transverse bias portion 425. The longitudinal bias field
S prOV|ded by the bias ' 19

- portions 420 at the left and right side 5 edges 180 of the MIJ 100 but in
this enbodi nent the biasing portion at 4 he rear edge 190 is fabricated as
a separ at is showgn tnilld8trateltngsbasie lithmgnaphic pattemning stefpstiecessarydoasealg
regions 420 and 425 can be independently designed to provide the

appropri a{%ﬁﬁr ﬁﬁ@a@gﬁ?ﬂhdﬁ% omis of transverse and |ongitudinal bias

fields. Int sinplest e I meht the direction of the magneti ¢ nonents

of the transv rse and Longi f.udinal bias ns 4 25 ar t ed
al ong a comm °E gase Hb"'&ﬁﬁﬁﬁ"%lﬂb% Qr?q?essd{hé@alv@{" ing,up Mﬂ &6 :
480 in Fig. 9. Thus the longitudinal and transverse blas_flelds are along
t he di r ecwilbnet bendhowhdn Figs. t10A-40Eobat thesemeried & layerdngl bd individaallyt her

enbodi ment, where the transverse bias portion 425 and | ongi tudi nal bias

por Lo adefed equWT#LG‘rﬂedé@ﬁ%%"ﬂaé"W et et are, b o

regi on 425 and the canting an [err] of the I|ongitudinal_bias reglon 420
may be seflepesited isdheqithenihe %g alhgiea gap layerqﬂh@ﬁh@é@ﬁﬂatﬁmgw S§f
materials for MIJ 100 (Fig. 4) will now be descri bed.

are carried out by magnetron sputtering with argon (Ar) gas with the substrate at

ambient temperature. Care must be taken to ensure that the sputter growth
produées very smooth films. An applied magnetic field of magnitude 20-100 Oe, .
with the field direction in the plane of the substrate may be used to induce .

~ magnetic anisotropy into the ferromagnetic Iaye‘rs as they are grown. As part of
the formation of the MTJ 100, the aluminum layer which is to become the tunnel
barrier layer 120 is deposited and then subsequently plasma oxidized at an oxygen
pressure of 100 mTor;' and a power density of 25 W/cm? for 30-240 seconds. This
forms the insulating tunnel barrier layer 120 of alumina. -Thé plasma oXidatiOn of
the aluminum layer is done without breaking vacuum in the process.

Although not essential to the operation of the MTJ device, it may be
beneficial to induce in the fixed and sensing ferromagnetic layers appropriate
magnetic anisotropies by depositing these layers in approximately orthogonal
magnetic fields. Prior to the deposition of the sensing ferromagnetic layer 132in -
the MTJ 100 and after formation of the alumina tunnel barrier layer 120, the

substrate is rotated approximately 90 degrees in the plane of the substrate so as



Al of the layers of the MIJ 100 are grown in the presence of a magnetic
*field, applied parallel to the surface of the substrate. The magnetic field
serves to orient the easy axis of all of the ferromagnetic layers. A 5 nm
Ta seed |ayer (not shown) is first formed on a 10-50 nm Au | ayer that
serves as the electrical lead 102. The ,seed layer is conprised of a ,
mat eri al which encourages the (111) q h of the face-centered cubic
(fcc) Ni [ to beBenerally trangyemse to thgeapplied magaeticligdariteraativehn Jhe externahyer
112 encourages the growh of the antiferromagnetic |ayer 116. Suitable seed

| ayer mat abpﬁéémaﬁbﬂéﬁef&samﬁb&bﬁate@UCh as Cu, as well as Ta or a
conbi nati on of 20 |l ayers,

S, 23 oL PR o SRl GBS RO 0 ro2 > °

(layers 112, 116, 118, respectively) grown on the Ta seed |l ayer on the .
10- 20 nm MTJ #§@(which incluties the top:cappig layeo 434y These layers atesth@nuni na gap
material Gl that serves as the substrate. Next, the tunnel barrier |ayer

120 is fo aﬁér i Aﬁ@;ﬁﬁé}ﬁ @qmetmmatmx@@oﬂm @Pé‘n%f%m@sﬂo yer.

Thi s crea es t I nsul ating tunnel barr l'ayer 120

r espect | vEVYE ﬁq"?i o2 Step, 10y 08, B0y T8 LRI o IBBERGPeNay er 13$he
top el ectrode stack 130 i s contacted by a 20 nm Au | ayer t hat serves
region 325 corresponding to the continuous boundary bias region. Th_is is
accomplished by first covering the MTJ 100 with a layer of photoresist 310 which
is subsequently exposed and patterned to form the open region 325. This step
also defines the effective track width TW of the MTJ 100 as the inside diménsion
of the opening 325 which is forrﬁed. As shown-i’n Fig. 10B, a positive
photoresisit 310 has been applied to the lead 102 and MTJ 100 and developed to
- define the track width TW. Subsequently, material in the form of the shape 325 is
removed from the MT;I 100 by ion milling down to the electrical lead layer 102. By
suitable choice of materiai for capping layer 134 (Fig. 4), it may also be possible to
reactively ion etch the cappihg layer 134 before ion milling the remaining MTJ
layers.
. Next, in Fig. 10C, the deposition of the initial alumina insulator layer 330_,
CoPtCr hard ferromagnetic CBB layer 320, and subsequent alumina insulator

layer 330 are deposited through the opening 325 in photoresist 310, leaving a .

region of electrically isolated biasing material that forms the CBB layer 320.



as t.he electrical lead 104. Not e that since the current passes
‘perpendicular to the layers in MIJ 100, the resistance of the MIJ device
~wll be |argely dom nated by that of the tunnel barrier layer 120. Thus,
the'resi stance per unit area of the conducting |eads 102, 104 can be nuch
hi-gher than in conventional MR read heagg in which the current flows

S
parallel to t l.ayers. Thus,. the ads 2, 104 can, be e hi nner
and/ or narr ows- eripgwaring e‘ﬁtolm&q%@régggogﬁgggﬁg}aé@rggﬂ(ﬁrgffor@a be
madde fromintrinsically nore resistive materials, such as alloys or
conbi nat i uasingathreeetistinot depositions. | Firsts aifingtaalumina dépasitiorefarangdhe bottonhe
bottom el ectrode stack 110 be snoboth, and that the Al[err](err] tunnel

barri er 'Béﬁfonl&qﬁg eéégsnafq%eaﬁéoﬁﬁswﬁk&thagahqvan%'a%tséa@wsuoﬁmt the

junction. "For eXa , growt y sputtering techniques

21 known tQ produce good gi ant magnetoresi stance effects. in netalljc

mul 111 aye MT-L1G0 & e tarpAit G dawers of the Ny 1 Griacé): depeaide i the depth
ferromagnetic | ayer 132 may be conprised of a thin Co or Co[err]Fe[err] or.

Ni [ er r] Fetewhich thel regior82X isionahiiie@O)f amREr spittarizpositionitectniqbeisesad t he
sensing ferromagnetic |layer 132 and the tunnel barrier layer 120, with the

E:“[ Zr (r){ Flef%r%f %?%1!?@& fayRr H8foSRER SHHRthickRbS S Br Y RELRYing T4V oﬂ%fie side

| wall is less than on a flat surface. Typicalisputter efficiencies on side walls are
1/2to 3/4.that of the sputter efficiencies on flat surfaces. Second, the hard biasing
ferromagnetic layer 320 is deposited using a directional deposition technique, such
as ion beam deposition. The alumina from the first insulating layer deposition that
conforms to the side and back walls of the MTJ'100 serves to insulate the CBB
layer 320 from the MTJ 100. Third, a final insulating layer deposition forms.the top
region of layer 330 and caps or seals the top surface of the CBB layer 320.

The initi_al and sijbsequent alumina layers 330 are preferably formed by RF

sputtering to provide full coverage over electrical lead 102 and at the é__dgés of
MTJ 100 and are each forméd tfoa thicknesé of 100-500A. Tt;is process results in
an insulator with high integrity since it is important thét the sense current not be
shur_\ted through the CBB layer 320. The CBB layer 320, which is preferably a
CoPtCr alloy, is preferably formed by a directional deposition process, such as ion
beam sputter deposition, so there is no edge overlap, and is deposited to a

thickness of approximately twice the thickness of the sensing layer 132. The

photoresist 310 and the alumina and hard biasing layers on top of it are then



approxi mately 19). The net magnetostriction of this type of sensing |ayer
"with a thin Co or Co[err]Fe[err] or Ni[err]Fe[err] (x is approximately 60)
interface layer is arranged to have a value close to zero by slight

vari ations of the conposition of the bulk of layer 132. An alternative
fixed ferromagnetic |layer 118 may be <c rised largely of a bulk
Ni[err]Fe[err] layer. wwth a thin | ayer 0f Co, o Col[err] Felerr or

N [or 1] FofneYed it 7 fieafhpricass: Bspilfs i/ Seclicalty SOlatee PPRUBIGNS: h 't he
tunnel barrier layer 120. The largest signal is obtained with Co or with
t he hi ghebbundd@rbiasregion dfihaed bidsirigefarionfagneticdaysrd@dinthatisyio6&fedat the -
Co[err]Fe[err] alloy (x is approximately 70). The interface layer is
optimally -2 hi t Fefe | lped
Payer i s gt S pBHL b HboeR It E T 905, PR 0 4 g ind fil EEtTbbF
conposition. If the bulk of layer 118 is Ni-Fe, then the conposition is
Ni [ er r ] Fefhis procass anshiassdarity &he insulater isplaioniedge-isshaws. Nexd, lithography
magnet ostri cti on. The Fe-M antiferronmagnetic |ayer 116 may be

repl aced 1y ddechtdNorMtherinitibl strive Heigtttr(befor@ \dping)Lofithe T ANOO bgr T omagnet i

| ayer whi ch exchange biases the ferromagnetic material in the fixed |ayer

the Al [ or FPBPRloR ool Ee PEH sMAlGrRstf 5ad (R D) il 8Rcdsdnher

22 antiferromagnetic oxide layers with sufficient conductivity miy be used.
I n junction material is removed by a process of ion milling down to the electrical

conductor 102 to complete the definition of the MTJ read head as illustrated in
Fig. 10E. The fabrication of the MTJ MR head structure is then essentially
complete, requiring only the final definition of the electrical leads to the device.
With the process flow sequence described in Figs. 10A-10E the first:
lithography step _(Fig; 10B) defines both the width of the sensor and the back edge
of the sensor. However it is difficult to define a narrow back region of subfmicron
dimensions using Iith(_'Jgraphy becéuse the exposing light in the lithography process
does not allow for adequate removal of resist at the inside corners of thé shape
325. In addition, this prdcess sequence provides only a single continuous
boundary bias region 320, which means that the strength of the transverse and
longi_tudinal bias fields cannot be independently varied but are coupled to one
another. In order to address these two problems the process sequence can
modified as shown in Figs. 11A-11E to form the embodiment of the MTJ MR read .

head shown in Fig. 9.



addition, while in the preferred enbodi nent the fixed ferromagnetic |ayer
‘has its magnetic noment fixed by interfacial exchange coupling with an
ant i ferrorragnetl c layer, the fixed ferromagnetic |ayer may be forned of a
magnet ically "hard" high coercivity material, thereby avoiding the need
for an antiferromagnetic |ayer. The hamg fixed ferromagnetic Iayer may

thus be fornmed_froma variety of ferrona et"c ter| s all oys
b 20 and one Hhé REvess o Seadentd Batitan tatine ME] repd ek i e SRer. o
alToys, Co-Cr-Ta alloys, Co-C alloys, Co- Smalloys Co- Re al I oys, Co-Ru
al | oys, anilustoattid-icX Fags. A-EX FhiBtprocass requites anasiditionial lithograpiy stey tof
quaternary alloys, such as Co-N-Cr-Pt and Co Pt - Cr-B. Wil e the MIJ

devi ce desgg f ayer on
t he bottom of*ntéle\:ﬁ %ﬁg@weéag%\(ljﬁlggrac%r\{aa EIQ Iéﬁ(rirle qc(yéé? epoglkﬁ\ené t he
sensmgferroma netic |ayer flrst foll tu barri | ayer,
the fixed Harts Witkyherseduenyial doppsitionef aﬁgﬁqm%@%ﬂrﬁaﬁaﬁi’@#aper(wﬁmh An MrY
devi ce woul d then have the | ayers essentially inverted fromthe MIJ 100

shown in iRcludes the to;Pcapmag layer 134)r iTheisengydrs aré/fRervpaftermedtietacdhel t he
Present |nvention The process for formng the MIJ MR read head W|th

D 2 el bonkh pRAATE e 10214 B ind ki B PR B,

flgures On'tlh)e/a r}er;g s%e?p, F\:gl; e‘Y\‘/l é) fllthggraph\{(ils used to form the two open reglons 421 in
which will be deposited the longitudinal bias regions at the left and right edges of
the MTJ sensor 100. This step also defines the effective track width TW of the |
MTJ 100. As shown in Fig. 11B, a positive photoresist 410 has been applied to
the lead 102 and MTJ 100 and developed to define the track width TW.
Subsequently, material in the form of the two shapes 421 is removed from the
MTJ 100 by ion milling down to the electrical lead layer 102.

Next, in Fig. 116, the deposition of the initial alumina insulator layer 430,

CoPtCr hard biasing ferromagnetic layer 420, and subsequent alumina insulator
layer 430 are deposited through the openings 421 in photoresist 410, leaving a
region of electrically isolated biasing material that forms the longitudinal biasing
ferr_qmagnetic portions 420. The initial and subsequent alumina layers 430 are
preferably formed by RF spuftering to provide full coverage over electrical
lead 102 and at the edges of MTJ 100 and are each formed to a thickness of

100-500A. This process results in an insulator with high integrity since it is

important that the sense current not be shunted through the hard longitudinal



23 is shown to illustrate the basic |ithographic patterning steps necessary
'to create the MIJ MR head shown in Fig. 8. For ease in illustrating
t he .process, the individual layers making up MIJ 100 will not be shown in
Fi gs. 10A-10E, but these series of layers will be individually referred to
as- the MIJ. The substrate (not shown) 0Bg 0 which the layers are deposited
is the either the Gl alumna gap, | ayer or the shield S1. Filmgrowhs are
carri ed olRiagiNgkegieas@l. sphe géfq h@smlﬁy%rr% whigh isqpreferably a ROPiGhst r at e
at” anbient tenperature. Care nust be taken to ensure that the sputter

grow h pr:ﬂ CisSprefirabiyonhad idirettion directiorg depositibh proceays, sBgnidsude
20- 100 Ce, %Fﬁpthe flls’eqlad di rectlondﬁyn%e pl ane of F)t he s(l?ltr)strate may be

ar e or oun. OHLeR0T RO GerYet sBttefelh ottt SVerbty 4P SebR¥A 18, o

which is to becone the tunnel barrier |layer 120 is deposited and then
subsequentthickpess pfhappicximaigintwige the {hicknesgaf $he senging l@yerit2: rThed a
power density of 25 Wecenferr] for 30-240 seconds. This forns the

i nsul at i nophgterRRist A30"ArRY tHePBmideBn@ hafd BB layére ot RIPEF iPdiditidnon of

the al um num |l ayer is done w thout breaki ng vacuumin the pr ocess

bener i ci allSMeVERdn @At ArRSFss, Eaeulfind Buleraheisplate kitituding]

appropri atr:glons 420 that are located at the left and right side edges of the MTJ 100 Fig:
11C shows the final result of this process and for clarity the insulator isolation
edge is shown. Next, as shown in Fig. 11D, an additional lithography step using
photoresist 440 is used to define an opening 445 in which will be deposited the

- ,
ferromagnetic material for the rear transverse bias region 425. This lithography

step also defines the rear edge of the MTJ sensor 100. A series of steps of ion
milling, deposition of alumina insulator 460 and hard ferromagnetic material and
lift-off are performed t'o form the réar region 425 similar to those de'écrfbed above
to form the left and right edge hard bias regions 420, leaving the structure as
shown in Fig. 11E. Next, Iitﬁogra_phy is used to form the initial stripe height (before
lapping) of the MTJ 100 by deposition'and patterning of photoresist 470 (Fig. 11F).
Finally excess tunnel junction material is removed by a process of ion milling down
to the electrical conductor 102 to complete the definition of the MTJ read head as
illustrated in Fig. 11G. The fabrication of the MTJ MR head structure is then .

essentially complete, requiring only the final definition of the electrical leads to the

device.



magneti c ani sotropi es by depositing these layers in approxinmately
*orthogonal nmagnetic fields. Prior to the deposition of the sensing
ferronagnetlc | ayer 132 in the MIJ 100 and after formation of the alum na
tunnel barrier layer 120, the substrate is rotated approxi mately 90
degrees in the plane of the substrate s

as
24 to be generally transverse to.the I'ed netic fi ter tlvely
t he exter nal lﬁ;%ﬁ?%{? nesYEmalis 8”&2@% cha'%ngﬁ for é"eqml'hﬁﬁl E:Foé
starts with the sequential deposition of bottomlead 102 and MIJ 100
(whi ch i nahagrstizationtdirectiap 1i33qofl the derradaignetit: sersing Jayes 132emusidoe
patterned into the shape of the bottomelectrical |lead 102, a part of which

i s shown qXinkifed Wﬁ‘%ez{gl?eétmh SV f Pigy. 4. i g&%thbiléﬂ?@ﬂ{)oun ifestigged to

forman open Tregion corresponding to't I NUO ary I as

region. Thi acco | i shed by first,coveri 1Q0 a |l ayer of.
bhot or es1 Ty HG tAREVATSR COBaRISHSe TG eassraRiled hykaiencida the Vadows : ne
open region 325. This step also defines the effective track width TW of
the MIJ 1Efertive hmnsverstemagnetic fiekls tofwhitke theoferrongagitdicvdensing lmyepisted. As
shown in Fig. 10B, a positive photoresist 310 has been applied to the | ead

102 and Wl pjied AEASLRESLH iy U1 ol forh 1R fockhldh mEturUHARRE |

mat eri al ormo

balance is maintained béetween predominantly the ferromagnetic coupling ﬁeld He
between the sensing and fixed ferromagnetic layers, the demagnetization field H,
from the fixed ferromagnetic layer and the transverse bias field arising from either
the continuous boundary biasing layer 320 or the transverse biasing layer 420. As
previoulsy noted in an MTJ device, since the tuhneling current is flowing normal to
the layers of the structure, little field is induced from current flow in the films. H;
depends critically on the nature of the interfaces between the ferromagnetic films
and the actual junctioﬁ and the thickness of the junction. Hg can vary from several
Oersteds (Oe) to 20-50 Oe. Hj depends on the géometry of the sensaor, i.e., final
stripe height SH and fixed ferromagnetic layer thickness t, and the fixed
ferromagnetic magnetization M, and varies as [411 x ({/SH) x M]. Thus, for t = 504,
SH = 10,000A, M = 800 emu/cm®, H,, is in the 40 Oe range. H, and H: can be
varied by varying the geometry of the sensor and the characteristics of the
interfaces. For example H; can be minimized by using the faminated antiparallél .

fixed layer described in the previously-cited IBM U.S. Patent 5,465,185. The net

magnetic moment of such a layer is equivalent to the difference between the two



renmoved fromthe MIJ 100 by ion nmilling down to the electrical |ead |ayer
'102. By suitable choice of material for capping |ayer 134 (Fig. 4), it may
al sq be possible to reactively ion etch the capping | ayer 134 before ion

mlling the remaining MIJ |ayers. .~ Next, in Fig. 10C, the deposition
of<the initial alumna insulator |ayer 30, CoPtCr hard ferromagnetic CBB
-l ayer 320, ,and subsequent alum na insulator |ayer 330 are deposited

t hrough t RNNggiimsgthis diffesener PeingsaRRrosMatelyRfy sathat %é@f@fﬁmﬂ to

electrically isolated biasing material that forns the CBB | ayer 320.
25 Thapproximbtly 400é aykricabdfe aaded bg viaaying ties naturg oé theinterfaoes320 are

formed wusing three distinct depositions. First, a first alum na deposition

wal 15 ana bacPRbRS IS T hep U8k pafbrifEafy T KPS R gl bucife BV

100 (Fig. 4), depending on the depth to which the re?i on 325 is ion,
mlled. | essentially gomplete, itdp stll nesassany e alige the mageetization efitbeifixed| at i ng
| ayer deposition, the thickness of the insulating |ayer on the side wall

i;el ei }5 2t mr?ggﬁigc% I%g?ﬁ?'?] % @h;fhe ?We@@ir_e@@éﬁ.t TheFd-Mp Iaper £6 Ot eXchany8! | s
o 3 putter efficiencies on flat surfaces. Second,
the hard B oSl 574 RN RSt RebRYRE 16787 118 i BRARHGFibgHRkB s udidsRgh one
However, its magnetization must be realigned so that it can exchange coup}e the
fixed ferromagnetic layer 118 in the proper orientation. The structurt; is placed in
an annealing oven and the temperature is raised to approximately 180°C, which is
greater than the blocking temperature of Fe-Mn. At this temperature, the Fe-Mn
layer no longer gives rise to an éxchange anisotropy with the ﬁxed ferromagne_tic
layer 118. An exchange anisotropy of the ferromagnetic layer 118 is developed by
cooling the pair of layers 116, 118 in a magnetic field. The orientation of the
~ magnetization of the ﬁxed ferromagnetic layer 118 will be along the direction of the
applied magnétic field. The applied magnetic field in the annealiné oven thl..ls.
causes the moment of the fixed ferromagnetic layer 118 to be fixed along the
required direction perpendicular to the ABS, as shown by the arrow 119 in Fig. 4.
This_ .is a result of cooling the Fe-Mn layer in the presence of the ferromagnetic
layer 118, magnetized by the applied magnetic field, in the required direction.
Thus, at temperatures below the blocking temperature of Fe-Mn, in the presénce .
of an applied magnetic field from the recorded medium, the magnetization of the

fixed ferromagnetic layer 118 will not substantially rotate.



as ion beam deposition. The alunina fromthe first insulating |ayer
"deposition that conforns to the side and back walls of the MIJ 100 serves
to insulate the CBB |ayer 320 fromthe MIJ 100. Third, a final insulating
| ayer deposition fornms the top region of layer 330 and caps or seals the
top surface of the CBB | ayer 320. 3The initial and subsequent alum na
| ayers 330 are_ preferably fornmed b sputtering to pravide full coverage

RF
over el ectri cdihe final stipe baghiSH ﬁéﬂ@(ﬂf@é 180 injiire deyiseds dorned By EPRIRY ned

to a thickness of 100-500A. This process results in an insulator with high

i ntegrity tise iggraphicall fedfrortisensingcedgniea final diniensidn back &hling ¢61
t hrough the CBB | ayer 320. The CBB | ayer 320, which is preferably a CoPtCr

on'” beam(El AR etayL S TPEAR e BB LSRR A TR R0, P B 720" < “Uepos ted

to a thickness of approximately twice the thickness of the sensing | ayer
132. The phot bhe biaging ferremageaelic layers 320 and 428 426imaay he fouyed FoBhat op of
it are then 26 renoved in a

lift-of f Rirefie fefyer 0f 8High tetdlvinmat@td| SUERldsYar AMDYP6RC0 &Pl dritletm,
boundary bi as regiron%ofléharcei bilgj;i ng fersronagneticyﬁgyer 320 that ioge
| ocated at_,t he

Shovs. t he oftatcalements sush 53 4 KBl bitdtu Bl FfCoriot (rodl silestor

i sol ation- edge is shown. Next, |ithography . _ -
Co,sPt,,Cr;3) or a Co-Pt-Ni ternary alloy or a Co-Cr-Ta ternary alloy. In addition to
using a single layer. of high coercivity material, the biasing ferromagn_etic layer may
be a dual-film sfructure comprising a first ferromagnetic film and an
antiferromagnetic film in contact with and interfacially exchange coupled with the
first ferromagnetic film. The antiferromagnetic film secures the magnetic moment
of the first ferromagnetic film in the desired direction. The ferromagnetic film may
be Ni-Fe and the antiferromagnetic film may be Ni-Mn. In this dual-film
.embodiment the antiférromagnetic film must be made of a material that has a

" blocking temperature sufficiently distinct from the blocking temperature of the

material uéed for the antiferfomégnetic layer 116. Ni-Mn has a blocking
terhperature of up to higher than approximately 450°C and Fe-Mn has a blocking
temp_erature of approximately 200°C. Thus the exchange bias field-provided by
the antiferromagnetic layer with the higher blocking temperature is set first by
heating the device to a temperature above this blocking temperature and cooling

in a magnetic field oriented along the direction of whichever ferromagnetic layer

(either 150 or 118) is exchange coupled to the antiferromagnetic layer with the



is used to formthe initial stripe .height (before |apping) of the MIJ 100
"by deposition and patterning of photoresist 340 (Fig. 10D). Finally,
excess tunnel junction material is renoved by a process of ion mlling
down to the electrical conductor 102 to conplete the definition of the MIJ
read head as illustrated in Fig. 10E. 3he fabrication of the MIJ MR head

structure is then essenti al Ity complete, requiring only the final
def i ni t i orhighet blockingdempesatur@addencin aseaend step, after cogiinghtase process
f Fow sequence described in Figs. 10A-10E the first [|ithography step (Fig.

10B) defi ﬂémﬁé?émré%ﬁ?mlﬁéfeaﬁérﬂﬁﬂtﬁé@é&kir@g;ﬁérhb@rahﬂ%bﬂﬁ@@th@‘f the sensor.

However it is difficul't to define a narrow back regi on of sub-mcron

di mensi ons ing lithagraphy,because,.the e ) i ght in. | i raph
process. qtEeROmegnel G tdaadnets BaerARateh.lar tortilel e deldes *
corners of the shape 325. In addition, this process sequence provides only.
a singl e canientatien)ss rotated by \P0ndegreeandothe3imyicensi furtheeapdledhat t he
strength of the transverse and |ongitudinal bias fields cannot be

s ety TS MR G pho ok B kT30 b rBeEachegil o
HA-11E °re‘;8£$ ttohfs Sgg gg ia ?{t re%fd rtxgaed. N{-rl%wl\e/\selt,elﬁg impeen?%nslg ?L\IIYPy aimnplljc::iagle t%'
other applications of MR sensors, for example in sensofs designed tc_: mea;aure the
rotation of a device, e.g., automobile wheels or gears, or to sensors designed to
measure linear bosition.
While the present invention has been particularly shown and described with
reference to the preferred embodiments, it will be understood by those skilled in'_
the art that various changes in form and detail may be made without departing
from the spirit and scope of the invention. Accordingly, the disclosed iﬁvention is

to be considered merely as illustrative and limited in scope only as specified in the

appended claims.



27 ¥ The process flow sequence required for the MIJ read head of Fig. 9

is illustrated in Figs. 11A-E. This process requires an pdeid SKEEN! HAS BEEN

| i t hography.- step to define the separate rear edge transvprse [REFBACEDi on
425. Again the process starts with the sequential deposition of bottom

| ead 102 and MIJ 100 (which includes the top capping (ayer—134)—These—
| ayers arg.then patterned into the sha¥® of the bottomel ectrical |ead
102, a paY¥hatisglaupeddsshown by Fig, 11A. In the next et cen Rerhaced

| ithography is used to formthe two open regions 421 in
deposited the | ongitudinal bias regions at the left and rfi t he
MIJ sensor 100. This step also defines the effective track wwdth TWof the
MIJ 100. As shown in Fig. 11B, a positive photoresist 410 has been applied
to the |e¢ad AQﬁagﬁ@tid\{uhnbﬂﬁmwdn%\oﬁieor@sdoh@e&anl tosdnze difcattly fgrdt h TW
Subsequently, material in the formof the two shapes 421 is renoved from
the MIJ 100 by ion mlling down to the electrical |ead | ayer 102.

Next, in Fig. : bidctitattedi Rt I; ' r |ayer
430, CoPtCr ﬂ%‘#&ﬁﬂ??@?Hésﬁf??ﬁagne[’%&g@?gw lmfﬁag%mgg’b@gqsdﬁﬁé)al um na

I nsulator | ayer 430 are deposited through.the openings 421 in photoresist.
410, | eaving lon of _electrically isolated biasing material that forns
t he | ongi tudi%%mbﬁgibgl ng a%é‘ﬁ%ﬂ egnetic portions 420. The initial and
subsequent alum na layers 430 are preferably fornmed by RF sputtering to
provide full caqver over electrigal  .lead 102 and gt the edges of MIJ 100
and are each ?gfﬁ\ég&gcﬁﬁx ﬁ?‘&i‘fﬁ@%’?ﬁﬁ?d ffifmﬁ%%ﬁ?ew gr%?ocess results in an

insulator with high integrity since it is

a magnetic tunne'l junction stack formed on the first lead and comprising a

fixed ferromagnetic layer having its magnetic moment fixed in the absence of an
. applied magnetic field, an insulating tuﬁnel barrier layer in contact with the fixed

ferromagnetic laye_r,. and a sensing ferromagnetic layer in contact with the
insulating tqnnel barriér layer, the sensing ferrorﬁagnetic layer having a generally
rectangular shape with a long back edge and two shorter opposite side edges;

a second electrically conductive lead formed on and in contact with the
magnetic tunnel junction sfcack;

a biasing ferromagnetic layer formed on the substrate around said back and

side edges of the sensing ferromagnetic layer and spaced from said back and side

edges, the biasing ferromagnetic layer having a magnetic moment for biasing the

I
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Jnportant that the sense current not be shunted through the hard
| ongi t udi nal —28--bi-asing

regions 420. The hard biasing | ayer 420, Whl ch is preferabl THUSSPELT HAS BEEN |
alloy, is preferably formed directionally by a directional #eposiR4bACED |
preocess, such as ion beamsputter depogtion, so there is no edge overilap, ap,

and is deposited to a thickness of approxi mately tw ce the thickness:of '

the sensi pgq r%tﬁ:rméﬁ?entpﬁﬂ'le Qéﬁé@ %ﬂréhaéﬁ@h@l&@e? hﬁa@lréréhea difeRtioR i the

bi asing layers on top of it aret renoved in a lift-off process,
resulting in electrically isol ated Iongltudl nal bias regions 420 that are

| ocat ed atabggﬁ?%%??n%hé& ﬁét%er%gges of the MIJ 100. Fig. 11C shows

the final resu roc ss and for clarity the insulator isolation
edge is shown. Next, as shovvn in Fig. 11 D, an additional |ithography step

ot 9, POt or o bofian B BBy SR BB ol Bt Rl
100, A'Series of Stebs of bgn. Il na feposi thon-of -al ui na I neuraor 460
and har 4 R4 PERGIAASTOMAGNERE JaVex e ConECo M RRRHNGF ALRAS20RBRA e
rear region 425 simlar to those described above to formthe left and

ri ght edge hard bias regions 420, IeaV|ng the structure as shown in Fig.
11E. Next Side edgrs abibg sensing-ferramagnetia | A¥eRni tial stripe height {before

whereby when the electrical leads are connected to the sense éircuitry the
electrical resistance to current flow perpendicularly through the layers in said stack
is determined by the relative orientation of the magnetic moments of the fixed and
sensing ferromagnetic layers, and sense current is prevented from shunting to said

biasing ferromagnetic layer.

* C L M s *
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| appt-ng) of the MIJ 100 by deposition and patterning of photoresist 470

‘(Fig. 1 1 F). Finally excess tunnel junction material is reg "¥ S BEEN
process of ion mlling dowmn to the electrical conductor 1({§ E{EA%}?
the definition of the MIJ read head as illustrated in Fig.lll-G~——he

fabrication of the MIJ MR head structureds then essentially conplete,
requiring only the final definition of the electrical |eads to the device.

29 | 2. or dbe devicdnacordingrtceciaint 1omherain thiebiasing fersoimagneétic iayee higJ
device, the nmagnetization direction 133 of the ferromagnetic sensing |ayer
132 nust be nmintained in the direction shown in Fig. 4, i.e., along-the

| ongi tudi nal  @imaghéfdmomhérit withih itepias that tooremted thtwddn grésteptindngo shed
by bal ancing the various effective transverse magnetic fields to which the
ferromagnetic sensing layer is subjected in the absence of any sense field

fromthe r ecoﬂéﬁgbé?&i\d' [Bss'thaf 490 d@ﬁré@ﬁﬂlvh é@bé@@é&%r@%b 88to a

predom nantly t erromagnetic coupling field HF between the sensing and )
fixed ferromagnetic |ayers, the demagnetization field HOD fromthe fixed

cont i nuous. bl drefon GEABIRY BRrglef o etbiachuds e FRAVE 50°

As previoulsy noted in an ‘MIJ device, since the tunneling current is

flowing nor mElIre:t.gtglngularly shaped sensing ferromagnetic layer and in the direction of the

magnetic moment of the sensiﬁg layer in the absence of an app]iéd magnetic
field.

3.  The device &ccording to claim 1 wherein the magnetic moments of the fixed
and sensing }erromagnetic layers are oriented generally orthogonal to one

another in the absence of an applied magnetic field.

* c L M s *
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the fayers of the structure, little field is induced fromcurrent flow in

the fi.lms. Herr]. d idkifal ly on the nature of thegnterfaces ..
bet ween t he fer:r]nsshe B & latCédCand the actual junction ar{ld”'fihétfg‘ i?;lg%eks‘"s‘"'\
of the junction. jm llﬂ u mom several Qersteds .(Ce) t 4 _20- 50508 ek
H.err] depends o of the seggsor, i.e., final stripe height SH
and fixed ferromagnetic layer thickness t, and the fixed ferromagnetic
magnet i zadi onThe dewvitevacdordingdo[cldiny 1 wherein/teeljnsulafing laesalse @lectricallyo A,

SH = 10, 000A, M= 800 emu/cnferr], HDis in the 40 Ce range. Herr] and

H err] can be varied by varying the geonetry of the sensor and the

char act eri sti ipsulzites ttee biasingy feroasagrietic iayerfrom atibastonbof said iwaded by

using the lam nated antiparallel fixed |ayer described in the
previously-cited IBM U S. Patent 5,465,185. The net nagnetic nonent of

such a lager THe FeNicPAGHrding tbitfaifl 1 WHePdiAthe rs¥RASCHiBS! 164® is the bottom

30 pinned filns, this difference being approximately 5A, so that HD is
reduced to approximately 4 Ce. HF can be varied by varying the nature of

the interf k t J MR
hoad St uct ur B3 tne,meGhbt il RN Hack's, SRR R hE SIBHAt ot 1

magneti zation of the fixed ferromagnetic |ayer 118 in the proper
direction. Thg Fe- | ayer 116 for .exch e Lha with the fixed
e rommgnet | ety toriaarati todir S 1 SRaToa! EBHResR, With thé st bldtifica

lead, and the second electrical lead is the top lead and is in elec;t-rical contact
with the.sensing ferromagnetic layer.

6. The Qevice accor@ing to claim 1 wherein the first electrical lead is the bottom
lead, the magnetic tunnel junction stack is formed on the substrate such that
the sensing ferromagnetic layer is in electrical connection with the first
electrical lead, and the second electrical lead is the top lead and is in
electrical contact with the fixed ferromagnetic iayer.

7. The device according to claim 1 wherein all of the layers in said stack have

"generally the same rectangular shape with contiguous side edgés.
8. The device according to claim 1 wherein the magnetic tunnel junction stack

further comprises an antiferromagnetic layer in contact with the fixed

TN O 0RO



However, its magnetization nust be.realigned so that it can hange coupl e

‘the fixed ferrEBecHdBednRgplaced 18 in the proper orient atioRHISTHEET HAS BEEN

structureg is pla i eal i ng oven and the tenperature i sREBiA®ED t O
. approxi matel y 18EMt is greater than the bl ocking tenperature of
Fe-Mh. At this t , e Fe-M hayer no longer gives rise to an
exchange anisotropy with the fixed ferromagnetic |ayer 118. An exchange
ani sot ropy of feremagnefictayeefordixing the magnetic memant gé the)fixed tasTomagnetic pai r -
of* layers 116, 118 in a magnetic field. The orientation of the
magneti zation of the fixed ferromagnetic layer 1 18 wil'l” be al ong the
direction of {dyerimpaidi preferceghdirectidn ey interfacialagxcharge cagpling.c field in the
anneal i ng oven thus causes the nonent of the fixed ferronmagnetic |ayer 118
to be fixed along the required direction perpendicular to the ABS, as

shown by ghe FheasvidPatsorting todclainT hivtherainatheddading tdrroraagnetic laper fse- Mh
| ayer in the presence of the ferromagnetic |ayer 118, magnetized by the

applied magnetic field, in the required direction. Thus, at tenperatures

bel ow t he bl o?ﬂﬁw 6&?’?5“@} %ﬁgggiﬁéecmt ary the presence of an applied
romthe

magnetic fiel record dium the magnetization of the fixed
ferromagnetic layer 118 will not substantially rotate.

o | appi B | TR deviEd BecdBing Yo clbin't irkeitle bibing rébindgudiitalar 1 O

comprises a ferromégnetic film and an antiferromagnetic film in contact with
and interfacially exchange coupled with the first ferromagnetic -f_llm.

11.  The device according to claim 10 wherein the ferromagneﬁc film .comprises
-an alloy of Ni and Fe, and wheriein the antiferromagnetic film comprises an
alloy of Ni and Mn.

12. The device according to claim 1 wherein the biasing ferromagnetic layer
comprises two side ppt‘tions located near respective side edges of the
sensing ferromagnetic layer and a back portion located near said ba-ck edge

" of the sensing ferromagnetic layer, and wherein the insulating layer also

separates the two side portions from the rear portion.

-
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t he IYthographicaIIy;forned front sensing edge to a final dinension back to
line 161 (Fig. 6), thereby conpleting the structures shown in Figs. 8 and

9. . : The biasing ferromagnetic |ayers 320 and 420, 425gnﬁﬁp%%Eﬁp?ﬂ§qﬁﬁN
froma single |layer of a high coercivity material such as an éflgﬁagﬂEgo

and one or nore other elenents, such as3g Co-Pt binary alloy;—oer-—&
Co-Pt-Cr ternary alloy (e.g. Co[err]Pt[err]Cr EHrJ) or a Co-Pt-Ni ternary
all oy or algo- @%B'F&V!C@r aegarding teyclaimh 13 adiereiprithe sidaipontigna heived magagtic of

hi gh coercivity material, the biasing ferromagnetic |ayer may be a

dual -fil mstructure conprisi-ng a first ferromagnetic filmand an

ant i f er r omagnemomentiariented ima alifferent directibni fndrartha cnadrieticanoimeng ef thapl ed
with the first ferromagnetic film The antiferromagnetic film secures the
magneti c nonent of the first ferromagnetic filmin the desired direction.
The ferromagneback pottioniay be Ni-Fe and the antiferronmagnetic.filmmy be
Ni -WMh. In this dual-film enbodinent the antiferromagnetic film nust be .
made of a material that has a blocking tenperature sufficiently distinct
fromthe bl ocking tenperature of the material used for the
antiferromagnetic layer 116. Ni-M has a bloecking tenperature of up to

hi gher than approxi mately 450[err] C and Fe-Mh has a bl ocking tenperature

of approximately 200[err]C. Thus the exchange bias field provided by the
antiferromagnetic layer with the higher blocking tenperature is set first

by heating the device to a tenperature above this bl ocking tenperature and
cooling in a magnetic field oriented along the direction of -whi chever
ferromagnetic layer (either 150 or 118) is exchange coupled to the
antiferromagnetic |ayer with the
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‘tenperature slightly greater than the bl ocking tenperature

.32 htgher bl ocking tenperature. Then, in a second step, after cooling to a

+.h I

=Y +.
CTIC™ UL 11

of et i
anti,ferromagnetic |ayer, the nmagnetic field orientation (or B8 3 irigglh EN
the device orientation) is rotated by 90 degree and the ddvice REFAFher

. cqol ed. The detail ed description 3y the MIJ device has been presented

above wth respect to its use as a MR read head. However, the invention-s
ful |y applidecatft magoetiotunrnel jigtiopanpgnetorsisiivesieaddiesd fopseasipgsiadai n
sensors designed to nmeasure the rotation of a device, e.g., autonobile
wheel s or gears, or to sensors designed to neasure |inear position.

Whi | e t he pr esmagnaticaty recordéd onke sredium; theuhead hawihg arsensingisurtadebfert wi t h
reference to the preferred enbodinents, it will be understood by those
skilled in the art that various changes in formand detail nay be nade

wi t hout depar fadifig theé afadilve sl cornpAasifigs c epsubsstratéte | nvention. Accordi ngl y,'_
the disclosed invention is to be considered nerely as illustrative and
limted in scope only as specified in the appended cl ai ns.

a fixed ferromagnetic layer formed over.the substrate, the magnetization
direction of the fixed ferromagnetic layer being fixed along a direction generally | .
perpendicular to the sensing surface so as to be substantially preverftéd from
rotatiop in the pfesence_of an applied magnetic ﬁelq from the medium;

an insulating tunneling barrier |ay_er located on and in contact with the fixed
ferromagnetic layer; |

a sensing ferromagnetic layer located on and in contact with the tunneling
barrier layer and whose magnetization is oriented in a preferred direction generally
parallel to the sensing surface and generally perpendicular to the magnetization
direction of the fixed ferromagnetic layer in the absence of an applied magnetic

field and is free to rotate in the presence of an applied magnetic field from the

medium, the sensing ferromagnetic layer having a generally rectangular shape

R O A O

-
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What ~is clained is: 1. . A magnetic tunnel junction device for
‘connection to sense circuitry for detecting changes in electfﬁﬁggguﬁi
resistance within the device, the device conprising: -
a first electrically conductive |ead fornmed on the substrate;—

magneti c tunnel junction stack fornmed op.,the first |ead and conprising a
fixed ferromagnetic |layer having its maghetic nonent fixed in the absence
of an applwithiarongsensingiedoe paralleltothesengingwiitacebadongbaclhgdgeiparaleit act
with the fixed ferromagnetic |ayer, and a sensing ferromagnetic |ayer in
contact with the insulating tunnel barrier Layer, the sensing ferronmagnetic
| ayer havitodhe sgasingaedge and twoghbeer epppsitensite ealgesng back edge and two
shorter opposite side edges; a second electrically conductive |ead
formed on and in contact with the magnetic tunnel junction stack;

a bi asing fer rgBR@IRY fefrdnfadieticiayér fafmed drihesubitrate arsutiiéai® batkand
sensing ferromagnetic layer in a preferred direction in the absence of an
applied magnetic field, the biasing ferromagnetic |ayer being formed on the

ayer  and Sag £agef B fortonBoRic yRl ahdScaERE b SFI ARG Be, one

| ocat ed near respective side edges of the sensing ferromagnetic |ayer and a

back porti I . r i e g i G
ayer saidpeeder bERITERe RabMRBRTONIRERD drifie SERSPEdRrBieBRRIC T 1p oy
direction fromthe magnetic nonent of said back portion; an
electrically, insulati .ayer separating the two, biasi f er romagneti c

| ayer sidé Pf‘?fﬁf@df‘ﬂ%ﬁ%@ét'ﬁ the g@?‘%ﬂ?et @%PBQH%”‘P@F?@%&S@LH c layer back
portion and said two side portions and said back portion fromcontact with
the sensing ferromagneti¢ | ayer; wher eby when the electrical |eads
are connect ed qrbe'@ﬁg'lcgénw%gtr%hwplqcat@debmnéae biasing eRdsensiG ur r ent

fl ow perpendi cularly through the layers in said stack is determni ned by the
relative orientation of the magnetit nonents of the fixed and sensing

f er r omagndefromagpetic layerg fereleetrically isplating thedviasing deyer drarg thamsengjingo sai d
bi asi ng ferromagnetic | ayer. 2. The device according to claim
1 wherein the back portion of the biasing ferromagnetic |ayer has a
magnetic rf@yamandithin its plane that is oriented between greater than -90
degrees and | ess than +90 degrees, where O degrees corresponds to a

| ongi tudinal direction generally-parallel to the back edge of the generally
rect angul arl y a pair of electrical leads, each lead being connected to a respective one of

the fixed and-sensing layers and electrically isolated from the biasing layer by the
insulating_layer, whereby when a sense current is passed between the leads it
passes generally perpendicularly through the insulating tunneling barrier layer

without passing into the biasing layer.

I
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34. shaped sensing ferronaegnetic |ayer and in the direction of the magnetl c
‘mosrent. of the sensing |ayer in the absence of an applied r S 4 - 0 P
. ‘i’gllxm)gﬂ‘ ig}?ﬁ’ erll%

3. The device according to claim1 wherein the magnetji C
fixed and sensing ferronmagnetic |ayers are oriented gener aHy—e+-hogoHal—to-
one another in the absence of an appl i eqymagnetic field. 4.

The device according to cla 1 wherein the insylating | ayer also

el ectricallBy i H@Lﬂ‘%ﬁdsgc@ﬁélﬂﬁ @s‘i"ﬁ'@‘ ﬂéﬁﬂ’@ﬂﬁfgﬁ%ﬁ?r@'ﬂﬁﬁramﬁf@ﬁ?@?%%layghe of
sai d | eads. : The device according to claim1l wherein the
first electrical Iead is the bottom | ead, the magnetic tunnel junction

stack is formcmntachwnthdbetfxadéemmgnam layee fari fénp the magagtization | ayer is
in electrical connection with the first electrical |ead, and the second
electrical lead is the top lead and is in electrical contact with the

sensi ng ferrodirgokidn of theyfixed ferromagnetie layer by ifterfatial exchangecoupling.o cl ai m
1 wherein the first electrical lead is the bottomlead, the magnetic tunnel
junction stack is formed on the substrate such that the sensi ng

ferromagnasi c ThaWsad acidtdRighie! dlaifr! 4 GEHEMEIRtA firdt \ohbfbftmé’ eldctridal fpfelisi cal

| ead, and the second electrical lead is the top | ead and is in electrical
contact with the fi xed ferromagnetl c | ayer. The devi ce
according to |5 ally
t he sane rectgangu ar sha%gbévltr Y’i‘gﬁ%‘{‘@f? ﬁ?ég(ﬂ\e%ﬁ‘ﬂ‘erf?é‘@-n{é%“&ﬁ The
device according to claim1 wher e| n the magnetic tunnel junction stack

further conprpse tifer j C | I 0 toathot fi
forromgner | USSR 4P eEn ¥ Bubbfiafitalif s ad tebgfnagreie
ferromagnetic Iayer in said pr eferred di rection by interfacial exchange
coupl i ng. ord n claim1 er el he

bi asi ng ferro'ﬂ?(&ﬁetpie(,f )qegyfgfrop‘gaqr@XIHg tﬂ ﬁW%ﬁBg '%Pﬂé{naé{)‘,”'tg‘tt}‘%nd Cr.
10. The device according to claim 1 vvherel n the biasing ferromagnetic

| ayer conprises ferromagnetic filmand an antiferrgmagnetic filmin
contact with aRtiferramaagngticlayer, ma%@%mgneiﬂzqumlf@on@f toediyedt i c
film 11. The device according to claim 10 wherein the
ferromagnetic _filmconprises an alloy of N and Fe, and wherein the i
ant i f er r oragnfarremagneic laysr isstxedby iterdsciakexahange conpling with the 12, A
magneti c tunnel junction magnetoresistive read head for sensing data
magnetically recorded on a nedium the head having a sensing surface for
f.aci ng t he neg@hiifercomiagnatierlageémg:

=

17. The head according to claim 14 wherein a first one of the electrical leads is
formed on the substrate and wherein the sensing layer is located between _

the first lead and the insulating tunneling barrier layer.

) L) llIlI I
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35, = . C a.substrate; '
‘a. fixed ferromagnetic | ayer forned over the substrate, the nagnet iczat.i ems
direction of the fixed ferromagnetic |ayer being fixed al ong{a _dir&gti:amd
general |y perpendicular to the sensing surface so as to be substantial Ty ———
prevented fromrotation in the presenceggqof an applied magnetic field from

the medium an insulating tunneling barrier |ayer |ocated on and

i n cont acl8wi Thethead aceaidingripsiright4 wher %Wgh? fixed ferromagnetis laygg the
ferromagnetic | ayer located on and in contact with the tunneling barrier

| ayer and whose magnetization is oriented in a preferred direction

gener al | y par tirngll barrigriayerc asditbe sensiagderrathagestic tdyley ape forenedi asibar t o

the magneti zation direction of the fixed ferromagnetic |ayer in the absence

of an applied magnetic field and is free to rotate in the presence of an

appl i ed nmagnegigekiofeayersivith tHeefiienomadreticdaysrund tertonneltsarrier layeer

havi ng a general ly rectangul ar shape with a | ong sensing edge parallel to

t he sensing surface, a | ong back edge parallel to the sensing edge and two
shorter opposj i d@ﬁ D RS | EBGES ¢ SOHRind or med

on the substrg?\gngr%f?rﬁ al 5a %%gﬁplgﬂ?jr?lﬂgg?éégéguégﬁ%‘?éfhe se%fstlhr?lg nd
ferromagnetic | ayer and spaced from said back and side edges for biasing

t he magneti zat]j i i i eI LG j id
pref orred di r BIBAGER 38 nd WHeRH Bie sl Hing Tk Riecical Thatidied
bi asi ng ferromagnetic |ayer having two side portions | ocated near
respective side e s .of the .sensi ferr tic |layer,and a,back portion
| ocat ed near §%ffj(fqgéﬁﬂogh{ﬂ9 Bt%sln'g e@?ﬁﬁ%&“&i&&é@&rﬁ&@ﬁ%@@}e%‘gﬁ' d side
portions having a nagnetic nonent oriented in a different direction from
the magnetic nt of said back .portion; . .. ..ap electrical
nul o] nd91 o Bp ReBgACRITGO ARSI, 14 Whereiy the biasid fRrtaTeaaglis aybeas
portions fromcontact with the biasing ferromagnetic |ayer back portion and
said two side portions and said back portion fromcontact with the sensing
f er r onagnet i caimaganetizatign direction withinp s plane tbebis erienied behueen gerater ead
bei ng connected to a respective one of the fixed and sensing | ayers and
electrically isolated fromthe biasing |ayer by the insulating |ayer,
wher eby when thane®edegreesandilespthan-490 degraeas, where xdnpgrees pagesponds
general ly perpendicularly through the insulating tunneling barrier |ayer
W t hout passing into the biasing |ayer. 13. The head according
to claiml12 ftoalengitwinaliditectiongeaetallyparallel do the batlkagdge of tregenerallyi t h
the fixed ferromagnetic |ayer for fixing the nmagnetization direction of the
fixed ferromagnetic |ayer by interfacial exchange coupling.

rectangularly shaped sensing ferromagnetic layer and in the direction of the

magnetization of the sensing layer in the absence of an applied magnetic
field.
20. 'The head according to claim 14 wherein the biasing ferromagnetic layer is

formed of an alloy comprising Co, Pt and Cr.

e

I
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36 *® .14, The head according to claim12 wherein a first .one of
‘the electrical leads is formed on the substrate and wher e R \€HEET HAS BEEN
~antiferrpmagnetic layer is forned on the substrate and | ocat ed gpet Xeem tﬁe
substrate and the fixed ferromagnetic |ayer, the fixed ferromagmetrc—tayet
being formed on and in contact with thgsantiferromagnetic |ayer, whereby
the magnetization direction of the fixed ferromagnetic |ayer is fixed by

i nt er f aci 2&1.extahgad @saprding taclaimt ewhearain the bigsigaderremagpetic layer

15. The head according to claim12 wherein a first one of the electrical
| eads is fornmed on the substrate and wherein the sensing |ayer is |ocated
bet ween t he ficomptisssia femomagnetic filnand@n antifeiromgghetic filem in cgrdact with

16. The head according to claim 12 wherein the fixed ferronmagnetic

| ayer, the tunneling barrier |ayer, and the sensing ferronmagnetic |ayer are
formed as a st@rkintéracisify éxondrye doupiéd asthithe ficstdameinagnetiy film.and t he
tunneling barrier |ayer having edges generally coplanar with the -
rectangul ar edges of the sensing ferromagnetic |ayer, and wherein the

insul atin a tagb'S i i Pwheri i t&O%%

ferr orragngztél'cyllqgﬁlglraggn sglﬂédglb g?ﬁ]i cal h?’é@ggg% fé?ﬂénﬁég?@hg;?ﬁn ﬁe%r?e%nd
according to claim 12 wherein the back portion of the biasing ferromagnetic

between gr cat eOpiS a5 o EE WHReH e cribrieditfic i cominfinsceh Sfby, .

corresponds to a longitudinal direction generally parallel to the back edge
of the generall )N.r ec ﬂ@gul arly shaped sensing ferromagnetic Fayer and in
the direction cgf I gnetization of the sensing |ayer in the absence of

an applied magnetic field. 18. The head according to claim 12
wherein the bigsi ferro netic.layer is. fornmed of an alloy, c rising
Co. Pt andr The hdad ccquling to elaim4-whsiein i Bigsing felamactetic /s n ¢ he

bi asi ng ferromagnetic | ayer conprises a ferromagnetic filmand an
antiferromagnetic filmin contact with and interfacially exchange coupl ed
with the ferrconprisasctwa sige portions located nearmespeciive side edaeagfthe cl ai m 11
wherein the ferromagnetic filmconprises an alloy of NN and Fe, and wherein
the antiferromagnetic filmconprises an alloy of N and M.

sensing ferromagnetic layer and a back portion located near said back edge

of the sensing ferromagnetic |ayer,_- and wherein the insulating layer also
separates the two side portions from the rear portion.

24. The device according to claim 23 wherein the side portions have a magnetic
moment oriented in a different direction from the magnetic moment of the

" back portion.
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