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MAGNETI C TUNNEL JUNCTI ON DEVI CE W TH LONG TUDI NAL BI ASI NG Teﬂﬂagggl Eiel d
“Fhi-s invéntion relates in general to a magnetic tunnel junction é ) _
devicex~ and nore particularly to an MIJ device for use as a Wos s eofql
magnetoresi stive (MR) head for reading magnetically-recorded dat a.
Background of the Invention A magnetic tunnel junction (MIJ) device is
conprised of two ferromagnetic |ayers separated by a thin insulating tunnel
barrier layer and is based on the phenoﬁénﬁn of spin-polarized el ectron
tunneling. One of the ferromagnetic |ayers has a higher saturation field in
one direction of an applied magnetic field, typically due to its higher

coercivity than the other ferromagnetic |ayer. The_ i | ati

barr i er | yMAGNETC TURBEIJUNE TN REMICRWITH LonGHIsBINAL siG
between the ferromagnetic |ayers. The tunneling phenonenon is.electron-spin
dependent, maki ng the magnetic resi&&@m MIJ a function of the

rel ative orientations and spin pol the two ferromagnetic

| ayers. MIJ deyj ces have been.pr.oposed primarily as nmenpty cell solid
state menory. 3 w&p&warreiﬁ@smgmfv %W@CM%W?E&@UH ng

t he resistance of the MIJ when a sense current is passed perpendicularly

t hrough tdeviéd; hrfd nore partieutariy do an MTJadevice for tise astanmagnptorgsistivei [ ity

of '
(MR) head for reading magnetically-recorded data.

Background of the invention
A magnetic tunnel junction (MTJ) device is comprised of two

fefromagnetic layers separated 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
magn;atic field, typically due to its higher coercivity than the other
ferromagnetic layer. The insulating tunnel barrier layer is thin enough that
quantum mechanical tunneling occurs between the ferromagnetic layers. The
tunneling phenomenon is electron-spin dependent, making the magnetic
response of the MTJ a function of the relative orientations and spin
'polarizations of the two fmomgneﬁc layers.

T MTJ devices have been propdsed primarily as memory cells for solid state
memory. The state of the MTJ memory cell is determined by measuring the

- resistance of the MTJ when a sense cuﬁent is passed 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



tunneling of charge carriers across the insulating tunnel barrier |ayer
#epends on the relative alignnent of the magnetic nonments (nmagnetization
directions) of the two ferromagnetic |layers. The tunneling current is spin
pol ari zed, which neans that the electrical current passing fromone of the
ferromagnetic | ayers, for exanple, a | ayer whose magnetic nonment is fixed
or prevented fromrotation, is predom nantly conposed of el ectrons of one
spin type (spin up or spin down, deperdirng on the orientation of the
magneti c nonent of the ferromagnetic |ayer). The degree of spin

pol ari zation of the tunneling current is determ ned by the electronic band

structure _ e G 4 Sj aet | at

t he inter?lgéléé g&%@# i o%ﬁ% Ith%ﬁncﬁ:{ﬁ%e#EsZ(%%ét{ Ea‘F\{rl Pg‘?éﬁg‘é? The
first ferromagnetjc |layer thys acts as a spin filter, The pr.obability .of

t unnel i ngofdherteo 9@@%&%3&@% &@navatwawnﬁqlaweém ni c
states of the same spin polarization as the spin polarization of the

el ect ri caneansthat the eldetrieslantehtpassing fedr oneaf ¢he feiromadgneticiayers)e
magneti c nonent of the second ferronmagnetic |layer is parallel to the

magnet i ¢ m%ﬂéiﬁ'}@éﬂ whbsd 8, Rbhferlt 3y fixed obPreventedBom avail abl e

el ectronic states an when the gnetic nonent of the second

rotation, is predominantly composed of electrons of one spin type (spin up or
spin down, depending on the orientation of the magnetic moment of the
ferromagnetic layer). The degree of spin polarization of the tunneling current is
determined by the electronic band structure of the magnetic material
comprisiﬁg the ferromagnetic layer at the interface of the ferromagnetic layer
with the tunnel barrier layer. The first ferromagnetic layer thus acts as a spin
filter. The probability of tunneling of the charge carriers depends on f;he
availability of electronic states of the saﬁxe spin polarization as the spin
polarization of the electrical current in the seopnd ferromagnetic layer.
Usually, when the magnetic moment of the second ferromagnetic layer is -
parallel to the magnetic moment of the first ferromagnetic layer, there are more
available electronic states than when the magnetic moment of the second
fe_nquagneﬁc layer is aligned antiparallel to that of the first ferromagnetic
—— layer. Thus, the tunneling probability of the charge carriers is highest when
the magnetic moments of both layers are parallel, and is lowest when the
nnu;nﬂﬁcnmnnenmsareauﬂiparaﬂmﬂ.‘Nhgnthexnonuaﬂszue:n:angedruﬁwher
parallel nor antiparallel, the tunneling probability takes an intermediate value.

Thus, the electrical resistance of the MTJ memory cell depends on both the spin



ferrgmagnetic layer is aligned antiparallel to that of the first
ferronagnetlc | ayer. Thus, the tunneling probability of the charge carriers

i s highest when the nagnetic nonents of both |layers are parallel, and is '
| owest when the magnetic nonents are antiparallel. Wien the nonments are
arranged neither parallel nor antiparallel, the tunneling probability takes
an i nternedi ate val ue. Thus, the electrica# resi stance of the MIJ nenory
cell depends on both the spin pol arizatfon of the electrical current and
the electronic states in both of the ferromagnetic |layers. As a result, the
two possible magnetization directions of the ferromagnetic |ayer whose
magneti zatigon direction is not fixed uniquely definge tmn possi bl e

states (0 Pelarizagion;ofthesleetyical currentiand the eln Qﬁltglemermry

cells has been known for sonme tine, serious interest has |agged because of
di fficul tifesromagneétielayays daparemtltofhd two poqsiblbuﬂagneﬁzh@mdiﬁeuﬁpnaofi cal
structures and at noncryogeni c tenperatures. A nmagnetoresistive (MR) sensor

gleterenca';l{'S fabricate Eh?hé “% VZ?P%; mat e%ﬁﬁgws% of tﬁl{e‘l St rgﬁgt h
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possibility of MTJ memory cells has been known for some time, serious interest
has lagged because of difficulties in achieving responses of the magnitude
predicted in practical structures and at noncryogenic temperatures.

A magnetoresistive (MR) sensor detects magnetic field signals through
tbenmﬁshuum<ﬂmu@wsofareadekmmun;ﬁﬂxﬁaﬂndofalnagneﬁcnunxmhﬂ,Asa
function of the strength and direction of magnetic flux being sensed by the read
element. The conventional MR sensor, such as that used as a MR read head for
reading data in magnetic recording disk drives, operates on the basis of the
anisotropic magnetoresistive (AMR) effect of the bulk magnetic material, which
is typically permalloy (Nig,Fe,5). A component of the read element resistance
§Mes as the square of the cosine of the angle petween the magnetization
direction in the read element and the direction of sense current through the
read element. Bbanﬂeddbﬁianlberamiﬁnn1anmugn¢knnedhun,mmﬂlasthe

T “disk in a disk drive, because the external magnetic field from the recorded
magnetic medium (the signal field) causes a change in the direction of |

. magnetization in the read element, which in turn causes a change in resistance
of the read element and a conespondiqg change in the sensed current or

voltage.



readlng data in magnetic recording disk drives, operates on the basis of
the anlsotroplc magnet oresi stive (AVR) effect of t he bul k magnetic
material, which is typically permalloy [err] A conponent of the read

el ement resistance varies as the square of the cosine of the angle between
t he magneti zation direction in the read el enent and the direction of sense
current through the read el enent. Recor,ded data can be read froma nagnetic
medi um such as the disk in a disk drive, because the external nmagnetic
field fromthe recorded magnetic nmedium (the signal field) causes a change
in the direction of nmagnetization in the read el enent, which in turn causes

a change in re read el e t a or ndi ein

t he sensed curﬁglrs?t'?% e‘iﬁﬂ&@‘gd‘*"“’eaﬁa% ﬁg@%ﬁd%s@ggggwggo%&egg% r ead
head has al so been ﬁ'eéposed as described in U S__Patent 5,390,061. One of
the probl degcribedin [}.5. Batgnt 53900610 Ong ofthe prthemsmth@uéhaom d

structure that generates an output signal that is both stable and |inear
117,475 IOttt ittt pomics . b lgdars |
that is both stable and linear with the magnetic field strength from the recorded
medium. If some means is not used to maintain the ferromagnetic sensing
.layerofﬁhenETJchaﬁoe(ieqtheibznnnagneﬁclayerm&mmenmnnenthsnot
fixed) in a single magnetic domain state, the domain walls of magnetic domains
will shift positions within the ferromagnetic sensing layer, causing noise which
reduces the signal-to-_noise ratio and which may give rise to an irrepfodudble
response of the head. A hnear response of the head is required. The problem of
maintaining a single magnetic domain state is especially difficult 1n the case of
amlhﬁDJLIRJvadluuuibecause,unﬁkeamnAﬂMItsenmﬁ;thesenme<nn1entpasses
perpendicularly through the ferromagnetic layers and the tunnel barrier layer,
and thus any metallic materials in direct contact with the edges of the
ferromagnetic layers will short circuit the electrical resistance of the read head.
VVhatisrmwdedisa&anTJ¢haﬁoethathaszisuﬂﬂeznmiﬁnmarouwputand
can thus function as an MTJ MR read head which provides a linear response to

e the magnetic fields from the recorded medium.



| ayer of the MIJ device (i.e., the ferronmagnetic |ayer whose nonent is not
Fixed) in a single nagnetic domain state, the domain walls of nmagnetic
dormains will shift positions within the ferronmagnetic sensing | ayer,
causi ng noi se which reduces the signal-to-noise ratio and which may give
rise to an irreproduci ble response of the head. A linear response of the
head is required. The probl em of nalntalﬁlhg a single magnetic domain state
is especially difficult in the case of arf MIJ MR read head because, unlike
an AMR sensor, the sense current passes perpendicularly through the
ferromagnetic layers and the tunnel barrier layer, and thus any netallic
materials in direct contact w t he ed f the ferromagnetic layers will "~
short circuit the electrical r head. What is needed is
an MIJ device that has a stable and |inear output and can thus, function as
an MIJ MR r ead Theinvemtion isan MIBE device wath one fixedferramagnetiglayeriand; i | ds
fromthe recorded nedi um -5- Summary of the Invention The invention is

o g ore el Sevkagadctyarmiopc s o o g s
andvwﬁhzahandhmnnngﬁmmonmgnehchnmxthmt1sehx¢nwaﬂy1nsuhﬂedihmm
butyetnmupnﬂnsumkmﬂyemmdedvﬁﬂ1ﬂne&mmﬁngﬁmranw@neﬁchuen The
magnetic tunnel junction in the MTJ dev1ce is formed on an electrical lead on a
substrate and is made up of a stack of layers The layers in the stack are an
anwdknunnagnemclayenaiﬁxedibnunnagnehclayeremchangehuuwdeﬂhthe
antiferromagnétic layer so that its magnetic moment éannot rotate in the
presence of an applied magnetic field, an insulating tunnel barrier layer in
contact with the fixed ferromagnetic layer, and a sensing ferromagnetic layer in
contact with the tunnel barrier layer and whose magnetic moment is free to
rouneﬁnﬁhe;we&uméofanapﬁﬁednmnamﬁ&fmml The stack is generally
rectangularly shaped with parallel side edges so that the layers have
contiguous edges. A layer of hard biasing ferromagnetic materisl is located
neartobutspauulﬁmnrﬂnaddeeﬂgesofﬂhesmmﬁngﬁmzonummeﬁchumrto
longitudinally bias the magnetic moment of the sensing ferromagnetic layer in

. ‘a preferred Mcﬁoﬁ in the absence of an applied magnetic field. A layer of

electrically insulating material isolates the hard bissing material from the

electrical lead and the sensing ferromagnetic layer so that sense current is not
shunted to the hard biasing material but is allowed to flow perpendicularly

through the layers in the magnetic tunnel junction stack.



and with a hard biasing ferromagnetic layer that is electrically insulated
¥frombut yet magnetostatically coupled with the sensing ferromagnetic

| ayer. The nmagnetic tunnel junction in the MIJ device is formed on an
electrical lead on a substrate and is made up of a stack of |ayers. The

| ayers in the stack are an antiferromagnetic |layer, a fixed ferromagnetic

| ayer exchange biased with the antiferropagnetic |ayer so that its nmagnetic
nonent cannot rotate in the presence of an applied magnetic field, an

i nsul ating tunnel barrier layer in contact with the fixed ferromagnetic

| ayer, and a sensing ferromagnetic |ayer in contact wth the tunnel barrier

appl i o magnet 1A e vrdeEpndibe of S bR Bhd altahfed {Wﬁsg%f??

paral l el side edges _so that t | ayers have conti gyous_edges. A, layer o
hard bi asiYerRoDreference %&xﬂfham@ todhefollowing deﬁm!ﬁff eHTIRGON FHER he
si de edges of the sensing ferromagnetic |ayer to longitudinally bias the
magnet i ¢ tagether with the aecompan§impy figmpset | ayer in a preferred direction
in the absence of an applied magnetic field. A layer of electrically
insulating material isolates the hard biasing material fromthe el ectrical

| ead and the sensing ferromagnetic | ayer so that sense current is not
shunted to the hard biasing SRLE i.al.:l I S .allowed to fl ow perpendicul arly
t hrough the layers in the negrie

"Fig. 1is a simplified block diagram of a conventional magnetic recording

-

disk drive for use with ihe MTJ MR read head according to the present
.hnnﬁnﬁan.
~ Fig. 2is a top view of the disk drive of Fig. 1 with the cover removed.

Fig. 3 is a vertical cross-section of a conventional inductive write
hamﬂNﬂinaniheadvﬁthtﬁel&Rreadlmmdloaﬂndlmtweenshkﬂdsand
adjacent to the inductive write head.

Figs. 4A-4B show a cross-section view and a top view, respectively, of an
MTJ MR read head of the present invention.

Fig. b is a perspective view of the MTJ MR read head of Fxgs 4A-4B for
illustrating the arrangement of the various layers of material, including the
duughnn1br;nvvﬁﬁnglongﬂmdhuﬂlﬂaﬁngcffhgsmmﬁngﬁmmnnwgneﬁclayen

R : Figs. 6A-6N illustrate steps in the fabrication of the MTJ MR read head

of the present invention.



For a full er understanding of the nature and advantages of the present
Pnvention, reference should be made to the follow ng detail ed description
t aken together with the acconpanyi ng figures. Brief Description of the
Drawing Fig. 1 is a sinplified block diagram of a conventional nagnetic
recording disk drive for use with the MIJ MR read head according to the
present invention. Fig. 2 is a top view_of the disk drive of Fig. 1 with
the cover renoved. Fig. 3 is a vertical 'cFoss-section of a conventional

i nductive wite head/ MR read head with the MR read head | ocated between
shields and adj acent to the inductive wite head. Figs. 4A-4B show a
cross-section view and a top _.view res-ectlvely of apn MIJ MR read head of
the present invention. Fi gs3ays Pl t BN he MIJ MR read

headof Figs. 4A4B for illustrati ng ‘'t he arrangerrent of the various |ayers of
mat eri al , PriorAdtng the structure for providing |ongitudinal biasing of the
sensi ng ferromagnetl c layer. Figs. 6A-6N illustrate steps in the

fabrication of Afholfh the M‘!ﬁ(ﬂéﬁ‘&%ﬂihetﬂi‘éséﬁ@ﬁﬁéhtioﬁ/ﬁﬂl beescribed below
as embodied as a MR sensor in a magnetic recording disk drive, the invention is
also applicable to other MTJ applications, such as memory cells, and other
magnetic recording systems, such as magnetic tape recording systems.

" Referring first to Fig. 1, there is illustrated in sectional view a schematic
of & prior art disk drive of the type using a MR sensor. The disk drive
comprises a base 10 to which are secured a disk drive motor 12 and an
actuator 14, and a cover 11. The base 10 and cover 11 provide a substantially
sealed housing for the disk drive. Typically, there is a gasket 13 located
between base 10 and cover 11 and a small breather port (not shown) for
equaﬁzﬁng;uessuretmmmnxg1ﬁheinmaﬁorofthetﬁSkthivezuniﬁhe(nﬂmide
environment. A magnetic .r_eoording 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 lubricant film 50 is maintained on the surface of disk 16. A read/write
headomtnnmkhuwr25xsﬁmnnaionthetnnhngemdcfaxwurum,sudhasan

—— - air-bearing slider 20. Transducer 25 is a read/write head comprising an
inducﬁvevwﬁuahead;xntknlandjiNﬂermihead;mwﬁnn,asvﬁﬂ]ma&esmdhed

. with respect to Fig. 3. The slider 20 is connected to the actuator 14 by means of
arigidarm 22and a suspénsion 24. The suspension 24 provides a biasing force
which urges the slider 20 onto the surface of the recording disk 16. During



Det ai | ed Description of the Invention PriorArt Al though the MIJ device of
sthe'present invention will be described bel ow as enbodied as a MR sensor  in
a magnetic recording disk drive, the invention is also applicable to other

MIJ applications, such as nenory cells, and other magnetic recording

systens, such as magnetic tape recording systens. - Referring first to Fig.
1, there is illustrated in sectional %ew a schematic of a prior art disk
drive of the type using a MR sensor. The disk drive conprises a base 10 to

whi ch are secured a disk drive nmotor 12 and an actuator 14, and a cover 11.
The base 10 and cover 11 provide a substantially seal ed housing for the

di sk dri ve. t;here | a asket 1 ﬁgtﬁﬁd
cover 11 %ﬁ&a t*lxtﬂ’ IVF’@B‘P @ﬁﬁ,ﬂ&%@%ﬁég Lz ng pressur e

bet ween t he |nter|or of the di sk drlve and._t he. out si de envi ronneqt

magnet i c speeds anddheiackuator 14, sokichde sypically o lineararyotary %é?ﬂsmﬂ Thub
18 to which it is attached for rotation by the drive notor 12 A thin

| ubr i cant(VICM)) Bdves theslitler 20¢zemeraliy radiallyeerods thessurface of thendisk 16 e

head or transducer 25 is forned on the trailing end of a carrier, such as
an so that the read/write head 25 may access different data tracks on disk 16.

Fig. 2 is a top view of the interior of the disk drive with the cover 11
removed, and illustrates in better detail the suspension 24 which provides a
force to the slider 20 to urge it toward the disk 16. The éuspension may be a
conventional type of sﬁspension, such as the well-known 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 wbich allows the slider to pitch
" and roll as it rides on the air bearing. The data detected from disk 16 by the
transducer 25 is procéssed into a data readback signal by signal amplification
and processing circuitry in the integrated circuit chip 15 located on arm 22.
The signals from transducer 25 travel via flex cable 17 to chip 15, which sends
its output signals to the disk drive electronics (not shown) via cable 19.
Fig. 3 is a cross-sectional schematic view of the read/write head 25 which
includes a MR read head portion and an inductive write head portion. The
e 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 discussed
above. The read head includes a MR sensor 40 sandwiched between first and
second gap layers G1 and G2 which are, in turn, sandwiched between first and
second shield layers S1 and S2. In a conventional disk drive, the MR sensor 40



air-bearing slider 20. Transducer 25 is a read/wite head conprising an

i nductive wite head portion and a MR read head portion, as wll be
described with respect to Fig.- 3. The slider 20 is connected to the
actuator 14 by neans of a rigid arm 22 and a suspension 24. The suspensi on
24 provides a biasing force which urges the slider 20 onto the surface of
the recording disk 16. During operation of the disk drive, the drive
notor 12 rotates the disk 16 at a constent speed, and the actuator 14,
which is typically a linear or rotary voice coil notor (VCM, noves the
slider 20 generally radially across the surface of the disk 16 so that the

read/ wite he may access di erent atat[ Flg 21s a
top view tﬁ@%@ﬁ% E\ s\ﬂnqo# u]l and
illustrates in better detail the suspen3|on 24 mhlch prOV|des force to

the sli delay2® I2owhicheare sandwiched thetwial irgilatioe layensdisind I3awhioh axe,
conventional type of suspension, such as the well-known Watrous suspension,

as descrifip Mal bh@dbB%@éﬁﬁﬂ'stlﬁZdZQ&ndWlépiéﬁéﬁpfaﬁﬂmnAlgﬁpa' so

provi des a attachrrent of the sllder WhICh allows the glider to.

DL o Al b Bibode b arah pol AR P 89 RS o
anplIflCa;aznupsaduuwmttotheA&EBﬁm1nuvuhnga1nagnehcgap During writing,
signal current is conducted through the coil layer C and flux is induced into the
first and second pole layers P1, P2 eausing flux to fringe across the pole tips at
the ABS. This flux magnetizes circular tracks on the rotating disk 16 during a
write operation. During a read operation, magnetized regions on the rotating
dﬁ&ﬁﬂSﬁﬁectﬂnxinﬂrﬂnaNﬂRsensdr40ofﬁbenamdhead,caushu;nmﬁsuuum
changes in the MR sensor 40. These resistance changes are detectea by
deuwﬁngvhhagedhangmsammmsﬁhehﬂismmmr40.Thevohagechangeséne
processed by the éhip 15 (Fig. 2) and drive electronics and converted into user
data. The combined head 25 shown in Fig. 3is a “merged” head in which the
second shield layer S2 of the read head is employed as a first pole piece P1 for
ﬁhevwihahead.Inz;phgmbadkhmad(nmtdhmwnLtheseanmdshhﬂdlayersz
and the first pole piece P1 are separate layers.’
——— ' The #bove description of a typical magnetic recording disk drive with an
AMR read head, and the accompanying Figs. 1-8, are for representation
o purposes only. Disk drives may contain a large 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 maintains the head in



and proce55|ng circuitry in the integrated circuit chip 15 located on arm
22. The signals fromtransducer 25 travel via flex cable 17 to chip 15,

whi ch sends its output” signals to the disk drive electronics (not shown)
via cable 19. Fig. 3 is a cross-sectional schematic view of the read/wite
head 25 which includes a MR read head portion and an inductive wite head
portion. The head 25 is | apped to forn1an(?|r bearing surface (ABS), the
ABS bei ng spaced fromthe surface of the }otatlng disk 16 (Fig. 1) by the
air bearing as discussed above. The read head includes a MR sensor 40
sandwi ched between first and second gap layers Gl and & which are, in

convent | oioltagF S RERGaRaCh il PR ARE Yitn 30 BRI Sl 1V, 7,

head includes a ¢ | ayer C and [.nsu] ation Iayer 12 which are sandw ched
bet ween i ¢pntAG AR Q%@Etﬂ%m g‘é in turn, sandw ched. between

first and second pole pieces P1 and P2. A gap | ayer G3 i s sandw ched
between the first and second pole pieces Pl1, P2 at their pole tips adjacent
to the ABS for providing a magnetic gap. During witing, signal current is

conduct engW‘hg%M ayer C and flux is induced into the first and
second pole Tayers : causing flux to fringe across the pole tips at

The present invention is a MR read head with an MTJ sensor for use in
place of the MR sensor 40 in the read/write head 25 of Fig. 3.

Referring first to Fig. 4A, the MTJ MR read head includes a bottom
electrical lead 102 formed on the gap layer G1 substrate, a top elech'wal
lead 104 below gap layer G2, and the MTJ. 100 formed as a stack of layers

i between top and bottom electrical leads 102, 104.

The MTJ 100 includes a first electrode multilayer stack 110, an
insulating tunnel barrier layer 120, and a top electrode stack 130. Ea(:h of the
electrodes includes a ferromagnetic layer in direct contact with tunnel barrier
layer 120, i.e., ferromagnetic layers 118 and 132.

The base electrode layer stack 110 forméd on electrical lead 102 includes
a seed or “template” layer 112 on the lead 102, a Eyer of antiferromagnetic
material 116 on the template layer 112, and a “fixed” ferromagnetic layer 118

R formed on and exchange coupled with the underlying antiferromagnetic

layer 116. The ferromagnetic layef 118 is called the fixed layer because its
magnetic moment or magnetization direction is prevented from rotation m the
presence of applied magnetic fields in the desired range of interest. The top

electrode stack 130 includes a “sensing” ferromagnetic layer 132 and a



the ABS. This flux magnetizes circular tracks on the rotating disk 16
dGuring a wite operation. During a read operation, magnetized regi ons on
the rotating disk 16 inject fllux into the MR sensor 40 of the read head,
causi ng resi stance changes in the MR sensor 40. These resi stance changes
are detected by detecting voltage changes across the MR sensor 40. The
vol t age changes are processed by the thg 15 (Fig. 2) and drive electronics
and converted into user data. The conbi néd head 25 shown in Fig. 3 is a
"merged” head in which the second shield layer S2 of the read head is
enployed as a first pole piece P1 for the wite head. In a piggyback head

h . i i w y .
o, oo oy g g T

separate escription of a typical magnetic recordi ng di sk
drive with an AMR re he .and. the acconpanyh g _Fi 0. 1- : ;
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di sks and actuators, and each actuator nmay support a nunber of sliders. In
addi ti on, anddts magnetigation diveetionds thusifnee tp motate in the presencesf app.

which maintains the head in - 10 - contact or near contact with the

di sk, suchnggndtic fielils it fhearange oftidtetebt:r The sensing ferromagnetic layer 132 is

fabricated so as to have its magnetic moment or magnetization direction (shown

By arrow 133) oriented generally parallel to the ABS (Fig. 3) and generally

perpendicular to the magnetizaﬁon direction of the fixed ferromagnetic

layer 118 in the gbsence of an applied magnetic field. The fixed fgrromagneﬁc

layer 118 in electrode stack 110 just beneath the tunnel barrier layer 120 has

its magnetization direction fixed by interfacial exchange coupling with the

Me&atdy underlying antiferromagnetic layer 116, which also forms part of

bottom electrode stack 110. The magnetization direction of the fixed

ferromagnetic layer 118 is oriented generally perpendicular to the ABS, i.e., out

of or into the paper in Fig. 4A (as shown by arrow tail 119). |

Also shown in Fig. 4A is a biasing ferromagnetic layer 150 for

longitudinally biasing the magnetization of the sensing ferromagnetic

layer 132, and an insulating layer 160 separating and isolating the biasing
e layer 150 from the sensihg ferromagnetic layer 132 and the other layers of the
MTJ 160. The biasing ferromagnetic layer 150 is a hard mzigneﬁc material,
suchas 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



contact and near-contact recording disk drives. Preferred Enbodi nents The
<present invention is a MR read head with an MIJ sensor for use in place of
the MR sensor 40 in the read/wite head 25 of Fig. 3. Referring first to
Fig. 4A, the MIJ MR read head includes a bottomelectrical |ead 102 forned
on the gap layer Gl substrate, a top electrical |ead 104 bel ow gap | ayer
&, and the MIJ 100 formed as a stack of.,J ayers between top and bottom

el ectrical |eads 102, 104. The MIJ 100 ifcludes a first el ectrode

mul tilayer stack 110, an insulating tunnel barrier layer 120, and a top

el ectrode stack 130. Each of the el ectrodes |ncludes a ferromagnetic | ayer

in direct ux b S0 lgayers
118 and 15‘5&%@&% Fectr %g{/egérdsﬁc na#orzmgzjo{(.)ﬁme‘lﬁect rlg;cg%slagad

ant i forr 3%@#@@“%&%&”@9@5&& Stk e Hndig 15130 Bpat she o

f-erromagnetic |ayer 118 formed on_and exchange cou Ied wth the under | yi ng
ant i f er r o MBd di00cand:the elettricalleads 108,10k hutis stilbthinenqugh 49 parmnity e

fixed layer because its magnetic noment or magnetization direction is

pr event ed phi@netoStatic G grﬁshowacﬁb ¢ dashed afsuw 168) witlnthe serdsingds in the

desired range of interest. The top electrode stack 130 includes a "sensing"
Ferromagngl | S msbiietic 1agef 1922 The product M*t (where M is the magnetic moment

per unit area of the material in the ferromagnetic layer and t is the thickness of
the ferromagnetic layer) of the biasing ferromagnetic layer 150 must be greater '
than or equal to the M*t of the sensing ferromagnetic layer 132 to assure stable
longitudinal biasing. Since the magnetic moment of Ni; 5o .y Fe(, (x being
approximately 19) that i.s used in the sensing ferromagnetic layer 132 is about |

twice that of the magnetic moment of a typical hard magnetic material éuitable

for the biésing ferromagnetic layer 150, such as Co.,5Pt13Cr12, the thickness of

the biasing ferromagnetic layer 150 should be at least approximately twice that

of the sensing ferromagnetic layer 132.

Fig. 4B is a top view of th;. MTJ MR head of Fig. 4A with the layers above

and including the G2 layer removed and the top electrical lead 104 shown in |

dotted lines so that the t_mdérlying head can be illustrated. The dashed line 161
S represents the ABS and the line to which the layers are lapped back after the

MTJ MR head is fabricated. The MTJ 100 is depicted as a stripe having a

vlvidth.TW , appropriate to the track width of the recorded data on the disk, and

a final stripe height SH aﬂ:er lapping. The width of the recorded data track is

wider than TW.



protective or capping layer 134 formed on the sensing |layer 132. The
sensing ferromagnetic layer 132 is not exchange coupled to an
antiferromagnetic |ayer, 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 its
magnetic nonment or magnetization directigp (shown by arrow 133) oriented
generally parallel to the ABS (Fig. 3) and generally perpendicular to the
magneti zation direction of the fixed ferromagnetic |ayer 118 in the absence
of an applied magnetic field. The fixed ferromagnetic |ayer 118 in

el ectrode stachigl®is aschématietperipectiveview dfthe MTJ MR¥eatiRedibof i t s
magneti zation direction fixed by interfacial exchange coupling with the
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Al'so shown in Fig. 4Ais a biasing ferromagnetic |ayer 150 for .
| ongi t udi fort eaae iasillugtratingrthe operationof thie nend headsiA data trackalpbavingiyer

132, and an insulating |ayer 160 separating and isol ating the biasing
a track width TW on the disk is shown with recorded data that generates a

nmgneﬁcﬁmmihjnthedhedmnrhnﬁaﬂzdbyanmwv182.Theﬁged
| ferromagnetic layer 118 has its magnetic moment, mdwated by arrow 184,
oriented perpendicular to the ABS and generally parallel or antiparallel to the
magnetic field direction h from the disk. The direction 184 is fixed, even in the
presence of applied magnetic field h from recorded data, dﬁe to mterfamal
exchange coupling from adjacent antiferromagnetic layer 116. The sensing
ferromagnetic layer 132 has a generally rectangular shape with a sensing edge
(not shown) at the ABS, a back edge 192, and two parallel side edges 194, 196.
As shown, the other layers of MTJ 100 have edges generally contiguous with
the edges of layer 132. The ferromagnetic sensing layer 132 has its magnetic
moment aligned in the direction parallel to the ABS and the disk surface, as
indicated by arrow 133, in the absence of an applied magnetic field. The
e e biasing ferromagnetic layer 150 has its magnetic moment, indicated by
arrow 151, aligned generally parallel with direction 133 to provide the sensing
ﬁmnnnagneﬁchnmm132vﬁﬂmaganmmaﬂyghuﬂexhagneﬁcdonu&nshﬂe.
Magnetostatic coupling occurs across the insulating layer 160 that electrically

isolates the hard magnetic material of biasing layer 150 fron} the l\I_I“I"J 1(_)0.



| ayer 150 from the sensing ferromagneticlayer 132 and the other |ayers of
the MIJ 100. The biasing ferromagnetic |layer 150 is a hard nagnetic
material, such as a CoPtCr all-oy, that has its magnetic nonment (shown by
arrow 151) aligned in the sane direction as the magnetic nonent 133 of the
sensing ferromagnetic |layer 132 in the absence of an applied nmagnetic
field. The - 12 - insulating |ayer le,_mhich I's preferably al um na
[err] or silica [err] has a thickness sufficient to electrically isolate

t he biasing layer 150 fromthe MIJ 100 and the electrical |eads 102, 104,
but is still thin enough to permt magnetostatic coupling (shown by dashed
arrow 153) wi t IA bbeseenvent I iedirestdnioichitetydéctiital 166d:102 pérpendikularijer

Mis the magnetic nonent per unit area of the material in the ferromagnetic

For r ormgndrradeh B upifieRaT et 18y 0110, BT ferRiRhenBic iafer 1L 16, 0
S nce { he THRGRLEAEIRCIAN 10, pOA the Pensie CxpumaRnaRY MYPT O end et Yt q
momont of through the shen elagkrital deadh 104i s Gascribofpreviously, the amountof
tunneling current through the tunnel barrier Iayer 120 is a function of the
nﬂaﬁveoﬁgnuuhnmcﬁthenwmmeﬁmnmnm<ftheﬁmadandsmmﬁng
ﬁnronnunuﬂﬁ:hummsll8,132tﬁataneadﬁumnttoamuih1umﬂzmtwdﬂ:the
tunnel barrier layer 120. The magnetic ﬁelti h from the recorded data causes
| the m!agneﬁzéﬁon direction (éof sensing ferromagnetic layer 132 to rotate away
from !;he direction 133, as shown by the dashed arrows 187, 189. This changes -
theréhn&veomknnzwhnmofﬁhetﬁagneﬁcxnununﬁsofﬂheﬁmmonuupmﬂic
layers 118, 132 and thus the amount of tunneling current, which is reflected as
a change in electrical resistance of the MTJ 100. This change in resistance is
detected by the disk drive electronics and processed into data read back from
the disk. The sense current is prevented from reachiﬁg the biasing
ferromagnetic layer 150 by the electrical insulating layer 160, which also
insulates the biasing ferromagnetic layer 150 from the electrical leads 102, 104,
S Wh:le in the preferred embod:ment the biasing ferromagnetic layer 150 is
electrically insulated from both leads 102, 104, it could be formed in contact
with one of the leads so long as it is insulated from the other lead and the

tunnel barrier layer 120. The insulating layer 160 thus assures that there is no

shunting of sense current and thus no adverse affect on the resistance of the



for the hiasing ferromagnetic |ayer 150, such as [err] the thickness of the
biasing ferromagnetic |ayer 150 should be at | east approximtely tw ce that
of the sensing ferromagnetic layer 132.- Fig. 4B is a top view of the MIJ MR
head of Fig. 4A with the |ayers above and including the G |ayer renoved
and the top electrical |ead 104 shown in dotted |ines so that the
underlying head can be illustrated. The_dashed |line 161 represents the ABS
and the line to which the |ayers are'1jaﬁéd back after the MIJ MR head is
fabricated. The MIJ 100 is depicted as a stripe having a width TW
appropriate to the track width of the recorded data on the disk, and a

e ! Nl B AR D BBt SR [
rodi um | SO SSATRE SerroRARAetE Ia7eR LR 7 e s 0g P Bt RS IR 440 | ayer <
head. A data { Thednsobating lavsrd 60rankth fertomugoetic bayen 150 acs Gwowed wi th
recorded data that generates a _
using three distinct depositions. First, a first alumina deposition forms the
bottom portion of layer 160 and also conforms onto the side edges 194 and 196
ofthésmmﬁnéﬁmmonwgneﬁchuwrl32(Fﬁ;4JD.Ifan]iFspuﬂardepwﬁﬁon
techniq_ue' is used for the insulating layer depositiop, the thickness of the
insuhnﬁnglayercultheskkrwaﬂislemsﬂnnnonjaﬁatsurﬁnma-13qﬁcalspuﬂmr
eﬁkﬂmnﬁesonjﬁdevwﬂhsanah&im&ylthatofthespuﬁnréﬂiﬁendesonfkm
surfaces. Second, the hard biasing ferromagnetic layer 150 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
walls 194, 196 serves to insulate the biasing ferromagnetic layer 150 from the
sensing ferromagnetic layer 132. Third, a final insulating layer deposition
forms the top region of layer 160 and caps or seals the top surface of the biasing
ferromagnetic layer 150.
 The thickness of the first insulating layer deposition must be sufficient to
eeem. electrically isolate the biasing ferromagnetic layer 150 from both the bottom
lead 102 and side walls 194, 196. Such insulation can be achieved with
minimum alumina thickness of 1004 or a range of 100-500A. The thickness of

the second insulating layer deposition must be sufficient to electrically isolate



magnetic field h in the direction indicated by arrow 182. The fi xed
ferromagnetic |ayer 118 has its nagnetic nonent, indicated by arrow 184,
oriented perpendicular to the ABS and generally parallel or antiparallel to
the magnetic field direction h fromthe disk. The direction 184 is fi xed,
even in the presence of applied magnetic field h fromrecorded data, due to
I nterfacial exchange coupling from adjacent antiferromagnetic |ayer 116.
The sensing ferromagnetic |ayer 132 hasl@-general |y rectangul ar shape with
a sensing edge (not shown) at the ABS, a back edge 192, and two parall el

si de edges 194, 196. As shown, the other layers of MIJ 100 have edges

“gener al | ythobiasing ferronidpridtic kgee 150/fromithe toglead 104/ Suchnimgobition eansi ng

| ayer 132 has its nmagnetic rmrrent aligned in the direction parallel to the

ABS and t @P%m?%f C&H%ﬁﬁ%d {eokn he absence of an
appl i ed magne Icrie I asi ng erP&olmag g%ﬁg;%édb 0 has | ts magnetic
nonent, i ndi cated arrow 1 eneyal | aral | el direction
133 to provide glrnessgs 2#%%5%@&58%3 Yﬁ%i ‘b@?@?‘ﬁ?’i‘? fgl e
magneti c donmain state. Magnetostatic coupling occurs across the insul ating

| ayer 160fdrmainsulating layer 1 60saxredimited by Mal*@tmﬁz Finst;, im ondenforithesi ng
| ayer 150 fromthe MIJ 100.

top lead structure 104 to conform over layer 160 and onto the MTJ 100
structure, the sum of the thickness of the first and second depositions must be
close to the total thicknéss of the MTJ 100 structure, i.e., no more than 2X
greater and ideally closer to 1X. Second, in order for the mﬁgnetostatic coupling .
field from the biasing ferromagnetic layer 150 to efficiently interact with the
sensing ferromagneﬁc layer 132, the thickness of the first alumina deposition
forming layer 160 must be sufficiently less than the thickness of the first and
second gaps (G1 and G2). Othermse, the magnetostatic fields will be attracted
to the first and second shields (S1 and S2) of the sensor. Since typical
high-density gensors are fabricated with G1 and and G2 in the 1000A range,
the thickness of the first portion of the insulating layer should be in the 500&
range, which results in an insulation coverage of side walls 194, 196 in the
250-_-4001& range because of sputter efficiency. Clearly, femmaénei_:ic coupling
—— efficiency is improved by minimizing this value but not at the expense of
compromising electrical insulation. In summary, insulating layer 160, which is
formed by two separate alumina depositions, serves to electrically isolate the
biasing ferromagnetic layef 150 from the sensing ferromagnetic layer 132 of the

MTJ 100 structure. The degree of ferromagnetic coupling between these two



- 14 - Asense current | is directed fromfirst electrical |ead 102
perpendicularly through the antiferromagnetic |ayer 116, the fixed
ferromagnetic | ayer 118, the tunnel barrier layer 120, and the sensing
ferromagnetic |layer 132 and then out through the second electrical |ead
104. As described previously, the anount of tunneling current through the
tunnel barrier layer 120 is a function_q? the relative orientations of the
magneti zati ons of the fixed and sensing ferromagnetic |layers 118, 132 that
are adjacent to and in contact with the tunnel barrier |ayer 120. The
magnetic field h fromthe recorded data causes the magnetization direction

of sensi Ngay&isiaMAbMhired BY the tEiekhesd 6f etvﬂmnbésiﬁm BAd4k HRet wWhen! 33,

as shown by the dashed arrows 187, 189. This changes the relative

and thus. Che taidkiReTSF SEbur by ba IS hFERSHEESH B e B ekl enble | |
el ectrical resistapnce of the MIJ 100, This change in resistance is detected
by the di datnatte theextreme of compromising the insnlating integrity betvveen the ¢ he

di sk. The sense current is prevented fromreaching the biasing
f er r omagnéireecldyey andlfiie feyrornagnetic bidsdayer.nsul ati ng | ayer 160, which al so
I nsul ates the biasing ferromagnetic |ayer 150 fromthe electrical |eads

150’ i 5 el ect ri arTp RenRiEr g BOeet BERATIE R, M 100 B LD IDERRYE £ o o
"N cont aCly oseribed. All of the layers of the MTJ 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. A5 nm Ta
seed layer (not shown) is first formed on a 10-50 nm Au layer that serves as the.
bottom electrical lead 102. The seed layer is comprised of a matenal which
encourages the (111) growth of the face-centered cubic (fcc) Nig, Fe,q template
layer 112. The template ferromagnetic layer 112 encourages the growth of the
antiferromagnetic layer 116. Suitable seed layér r.ﬁaterials include fee metals,
such as Cu, as well as Ta or a combination of layers, such as
3-5 nm Ta/3-5 nm Cu. Thé MTJ base electrode stack 110 comprises a stack of
4 nm Nig Fe,o/10 nm Mny Fe,/8 nm Nig, Fe,, (layers 112, 116, 118, respectively)
grown on the Ta seed layer on the 10-20 nm Au layex_- 102. The Au layer 102 is
—— formed on the alumina gap material G1 that serves as the substrate. Next, the
tunnel barrier layér 120 is formed by depositing and then plasma oxidizing a
0.8-2 nm Al layer. This creates the A1203. insulating tunnel barrier layer 120.
The top electrode stack 130 is a 5 nm Ni-Fe/10 nm Ta stack (layers 132, 134,

respectively). The Ta layer 134 serves as a protective capping layer. The top



mnth one of the leads so long as it is insulated fromthe other |ead and
the ‘tunnel barrier layer 120. The insulating |layer 160 thus assures that
“there is no shunting of sense current and thus nno adverse affect on the
resi stance of the - 15 - MIJ MR head, while at the same tine permtting
magnet ostatic coupling into the sensing ferromagnetic |ayer 132 by the

bi asi ng ferromagnetic | ayer 150. The |nsulgt|ng | ayer 160 and the
ferromagnetic | ayer 150 are forned u5|ng ree distinct depositions. First,
a first alum na deposition forns the bottom portion of |layer 160 and al so
conforms onto the side edges 194 and 196 of the sensing ferromagneticlayer

132 (Fi 9. elbéirodefstack RBOIN ¢bhtdcted bya ZOth?eﬁmai servesasfthe tope
i nsul ating | ayer deposition, the thickness of t i nsulating | ayer on the

si de wal | d&tﬁ@%ﬁﬁh@eﬂ)ﬁn a flat surface. Typical sputter efficiencies on

side wall s are 4 that of the sputter-efficiencies on flat

surfaces. Seco e hard biasin erroma net i er I S osi t ed
using a directt ItEB M{l @@%@6@&3? tion. The

alumna fromthe first i nsul at.i ng Iayer dep03|t|on that conforns to the
si de wal | MT3400] tife sesistemcecfithe MiValavies wilkbe targely dominatad by thabef 150

romine the tunnel barner layer 120. Thus, the resistance per unit area of the
eonducungleadslo2 104¢nu1bexnnchlngherthanlnxwmwenumnalhﬂRread
headshnwdﬁchthecurnnﬂdhnwspanﬂhﬂtothehumms.1ﬂnngthe
kmdleZ 104cantmumadethunmmamdkmxwmuwwmthannncmmwuﬂmnuﬂhdR
head structures, and/or can be made from intrinsically more resistive materials,
mnﬂlasaﬂoysorcongﬁnaﬁonsofeknnenua
| It is important that the layers in 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 exaniple, growth by sputtering
tmﬂnﬁquesknownimlnoduoeébodghumdnagneummﬁsuumeeﬁbdsinjneuﬂﬁc
multilayer stacks is sufficient. In the MTJ 100, the direction of the magnetic
moments of the fixed and sensing ferromagnetic layers 118, 182, respectively,
ameappmoxhnaﬁiyorﬂnmmmaﬂtooneannﬁherﬁnzensappﬁed:nagneﬁciiﬂd.
. Thedirection of the moment of the fixed Iayer 118 is largely determined by that
of the exchange anisotropy field of the antiferromagnetic layer 116. The
orientation of the moment of the sensing layer 132 is influenced by a number of
factors, including the intrinsic anisotropy of the ferromagnetic layer itself and

the shape of this layer. An intrinsic magnetic anisotropy can be induced in the



sensing ferromagnetic layer 132. Third, a final insulating |ayer deposition
forns the top region of |ayer 160 and caps or seals the top surface of the
bi asi ng ferromagnetic layer 150. The thickness -of the first insulating

| ayer deposition nmust be sufficient to electrically isolate the biasing
ferromagnetic |ayer 150 from both the bottom|ead 102 and side walls 194,
196. Such insulation can be achieved with m ni num al um na thi ckness of 100A
or a range .of 100-500A. The thickness-df the second insulating | ayer
deposition nmust be sufficient to electrically isolate - 16 - the biasing
ferromagnetic |layer 150 fromthe top | ead 104. Such insul ation can be

The 111 st SRR TR Tax By UlRRRuhE s 4 A pibenétE i Briiiedd b T o0 ©
St uct ur o peRBeRdICEIsT to el L Eh6 apadneterstion tissetion pktiarred s Tis- e, “Che
-sum of the thickness of the first and second depositions nust be close to
t he tot al theshapeof thé sehsinglayad 332 is not square] therermaynbea niagmneti¢ gr eat er
and ideally closer to 1X. Second, in order for the magnetostatic coupling
anisotropy resulting from the rectangular shape of the sensing layer. By
choosing the length of the sensing layer (TW) to be longer than its height, the
shapezuﬁsmuvpyvﬁnjhyorthelnagnéﬁcnmmnentofﬂhesmmﬁnghummtotm
oriented perpendicular to that of the fixed layer 118. Thus, the intrinsic and
| shapéanhummuﬁescmnbezﬁiangedtoﬁnmwthepnnxwtuhnmaﬁmnbfﬁhe
magnetic moment of the sensing layer perpendicular to that of the fixed layer.
However, neither of these anisotropies is essential for the proper operatioﬁ of
the MTJ MR head. Proper orientation of the moment of sensing layer 132 can
be accomplished by the presence of the biasing ferromagnetic layer 150 alo_ne.
The magnetostriction of the sensing layer 132 is arranged to be close to zero (by
choice of composition of the Ni-Fe alloy) so that any stresses in this layer
induced by the fabricatioﬁ process do not, of themselves, lead to any magnetic
anisotropy.
~ An alternative sensmg ferromagnetic layer 132 may be eomprised ofa
e thin Co or Cog gy x)Feqy) 0r Nigy00.5)I €, (X is approximately 60) layer at the
interface between the sensing ferromagnetic layer 132 and the tunnel barrier
layer 120, with the bulk of layer 132 being a low magnetostriction material,
such as Ni;qo.F'e, (x is approximately 19). The net magnetostriction of this

type of sensing layer with a thin Co or Cogg.5)Fe, or Nigg0.Fe, (x is



field fromthe biasing femaetic |ayer 150 to efficiently interact with the
sensing ferromagnetic layer 132, the thickness of the first alum na
deposition form ng | ayer 160 must be sufficiently |less than the thickness
of the first and second gaps (Gl and Q). O herw se, the magnetostatic
fields wll ‘be attracted to the first and second shields (S1 and S2) of the
sensor. Since typical high-density sensors are fabricated with GL and and
& in the 1000A range, the thickness of 20he first portion of the insulating
| ayer should be in the 500A range, which results in an insulation coverage
of side walls 194, 196 in the 250-400A range because of sputter efficiency.
Cearly, approximabely 60)datrfadlasetl is afitmgedol Havedy ¢alue)cloadtozerortsy t hi s
val ue but 'not at the expense of conprom sing electrical insulation. In
summary, | s 9 ' e f ( eRar I .na
deposi ti ollrllﬁlsgjlllg s%ggoﬁxg%%'%ggﬁ% J"s‘s(é)'ihaet e‘ﬁ?ﬂoﬁ%}'%sly\%\% er@g%a%#gtgl c layer
150 from he,gsensing ferromagnetic | ayer 132 qf, th J .1 fructyre. The
degree ofh@?@ﬁ?ﬁ@?&e&“’éﬁﬁﬁ ﬁénm Mbﬁ&!ﬁy%ﬂlﬁ%ﬁk € s
determ ned by the thickness of the two depositions and is best when the

t hi cknessldyer with s thirl lapérof a €otar Cogol slelsoedi i ep(xX is st and second
gaps,

approximately 60) lajer at the interface with the tunnel barrier layer 120. The
largest signal is obtained with Co or with the highest polarization Nigoo..Fe,

(xis approximately 60) or Coggo.x,Fey alloy (x is approximately 70). The |
intérface layer is optimally about 1-2 nm thick. The net magnetostriction of the
combined layer is arranged to be close to zero by small variations of the
coxpposition. If the bulk of layer 118 ié Ni-Fe, then }:he composition is Nig Fe,,,
the composition for which bulk Ni-Fe has zero magnetostriction.

‘The Fe-Mn antiferromagnetic layer 116 rﬁay be replaced with a Ni-Mn
layer or other suitable anﬁferromagnéﬁc layer which exchange biases the
ferromagnetic material in the fixed layer 118 and which has a resistance which
is sﬁbstantia]ly less than that of the Al,O, barrier layer. Similarly, the stability
of the fixed ferromagnetic layer 118 can be increased further by forming it from
a lagaination of two magnetic layers, such as Ni, Co, Ni-Fe alloys, Co-Fe alloys,

—— or Ni-Fe-Co ternary alloys, separated by a thin metallic layer, which results in
 antiferromagnetic coupling of the two niagneti’c layers. This type of laminated
fixed layer is described in IBM’s U.S. Patgnt 5,465,185.



but not to the extreme of conpromsing the insulating integrity between the
free layer and the ferromagnetic bias |ayer. A representative set of
materials for MIJ 100 °(Fig. 4A) will now be described. Al of the |ayers of
the MIJ 100 are grown in the presence of a magnetic field applied parall el
to the surface of the substrate. The nmagnetic field serves to orient the
easy axis of all of the ferromagnetic |layers. A5 nm Ta seed | ayer (not
'shown) is first fornmed on a 10-50 nmARl ayer that serves as the bottom
electrical lead 102. The seed layer is conprised of a material which

encour ages the (111) gromth of the face- centered cubic (fcc) [err] tenplate
| ayer 112p : encour ages the grow h of

Protéss folt Wabrics Au R4 Hlead

t he antrferrorragne I C er abl'e seed | ayer materials include fee

metal s, such a Cu as | | as Ta o such as 3-5 nm
Ta/3-5 nm Cu. @@m ‘E‘gﬂﬁ#% g%Eh%f 4 nm
[err] nm [err] (I ayers 112 116 118 espectrvel y) grown on the Ta seed

| ayer on gwesautinyentionwilbhe deseribed matirrefe tottheiprocessflow diagram

al um na gap materi aI GlL that serves as the substrate Next, the tunnel

barrier | fd &mfmmanammagﬂwﬂ@f&mmmm&é@m a 0.8-2

nM Al |ayer. This creates the [err] Insulating tunnel bar ri er I ayer 120.
The top eI nﬁq ﬁ,@ i g&s g s 132, '
134, respectl ve% %geéégfg?/ee serla HamB-lzﬁF ve cappr ng | ayer.

The top patterned, and the figures on the right represent the corresponding top view to
illustrate lithographic patterning to ultimately create the MTJ MR read head as
shown, for example, in Fig. 4B.

For ease in illustrating the process, the individual layers making. up
MTJ 100 will not be shown in F‘lgs 6A-6N, but these series of layers will be
individually referred to as the MTJ. The substrate (not shown) onto which the
layers are deposited is the G1 alumina layer. Film growths are carried out by
Ittagnetron sputtering with argon (Ar) gas with the substrate at ambient
temperature. Care must be taken to ensure that the sputter growth produces
very smooth films. An applied magnetic field of magnitude 20-100 Oe, with the
field direction in the plane of the substrate (and in the direction from left to
right in the figures) may be used to induce magnetic anisotropy into the

e magnetic layers 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 mTorr and

a power density of 25 W/em® for 30-240 seconds. This forms the insulating



- 18 - electrode stack 130 is contacted by a 20 nm Au | ayer that serves as
the top electrical lead 104. Note that since the current passes

perpendi cular to the lrayers in MIJ 100,  the resi stance of the MIJ device
will be largely dom nated by that of the tunnel barrier |ayer 120. Thus,
the resistance per unit area of the conducing |eads 102, 104 can be nuch

hi gher than in conventional MR read heads in which the current flows .
parallel to the layers. Thus, the | eads24G2, 104 can '‘be made thinner and/or
narrower than in conventional MR head structures, and/or can be made from

: intrinsically nore resistive materials, such as alloys or conblnatlons of

el enent s. %ﬂ,?lﬁ@ %g@ Gmihay s#ﬂae * ck 110
be snpot h, an f%?p?;ft%nneﬁbgh%@g 8%{218&] ree glhﬁhol es
whi ch wou elecyri caJ ort. .the junctjo For exarrpl e, growt h by
sputteri nkf“f %Bﬁﬂ“ﬁ%ﬂﬂg d*f&‘@-“b g‘ PEPReSRagnet or esi st ance effects

in nmetallic mJItllayer stacks is sufficient. In the MJ 100, the direction

of the magneti Altlongh nobessential ita dhie aperation ofithe MPhdgvice; timaphe 118,
132, respectively,

beneficial to induce in the fixed and sensing ferromagnetic layers appropriate .

xnagnehcannxmnunesbydbpmnhng1bmsehunmsunappnmnnuddbunthogmmﬂ
magnetic fields. Prior to the deposition of the sensmg ferromagneuc layer 132
in 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
to be generally transverse to the applied magnetfc ﬁeld_. Alternatively, the
_external applied magnetic field can be rotated.

While the MTJ device described and shown in Fig. 4A has the fixed
ferromagnetic layer on the bottom of MTJ 100, the device can also be formed by
dqmn&ﬁngthesenshu;&mnnnagﬁeﬁclayerﬁms@ibﬂovnxlbythetunnelbaxﬁmr
layer, the fixed ferromagnetic layer, and the antiferromagnetic layer. Such an
MTJ device would then have the layers essentially inverted from the MTJ 100
shown in Fig. 4A.

_ The process starts m Fig. 6A with the sequential deposition of bottom
eewm  lead 102 and MTJ 100 (which includes the top capping layer 134). These layers
are then patterned into the shape of the bottom electrical lead 102, as shown by
Fig. 6B. In the next step, Fig. 6C, ]ithogr_aphy is used to define the track width
TW of the MTJ 100. As shown in Fig. 6C, a positive photoresist 190 has been

applied to the lead 102 and MTJ 100 and developed to define the track width.



are approxi mately orthogonal to one another in zero applied magnetic field.
The direction of the nonment of the fixed layer 118 is largely determ ned by
that of the exchange anisotropy field of the antiferomagneticlayer 116. The
orientation of the nonent of the sensing |ayer 132 is influenced by a
nunber of factors, including the intrinsic anisotropy of the ferromagnetic
| ayer itself and the shape of this layer,,An intrinsic magnetic anisotropy

can be induced in the - 19 - sensing F%yer 132 by depositing it in a
smal | magnetic field arranged to be perpendicular to that of the
magneti zation direction of the fixed |layer 118. |If the shape of the sensing

| ayer 132 suﬂoseaheﬁﬁs}gis@anAf@f'ﬁamaPsT@rém% ﬁgﬁgﬂlém'rmm "HSidhirmillinkg OM

t he rectangul ar shape of the sensing |ayer. osing the | éngth of the
sensing | ayer (T e 1.qn th |t _hei t he sha | il
favor t he%é{ %ﬁie ﬁ@ﬁﬁﬁ?alg‘?g‘? @?Z@g ngy P&Vgﬁ‘% ‘C?“B&e 8?%3@# %Pgﬂul ar
to that of the fixed layer 118. Thus, the_ intrinsic and shape ani sotropies
can be ar layerl84dt mayalsothe possihle to reactively don gtch the cappinglaven dddt of

t he sensing | ayer perpendicular to that of the fixed | ayer. However,
nei t her ofbefdresionanilliagribgiremdinimsMTJ laylers.or the proper operation of

Next, in Figs. 6E-6F, the deposition of the initial alumina insulator
'layei 160, CoPtCr hard biasing ferromagnetic layer 150, and subsequent
alumina insulator layer 160 are deposited through the openings in
photoresist 190, leaving islands of electrically isolated longitudinal biasing
material that forms the biasing ferromagnetic layer 150. The initial alumina
layer 160 and subsequent alumina layer 160 are preferably formed by RF
sputtering 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
h1aninsuhﬂnrwﬁﬂ1hﬁﬂ1hnngﬁtysﬁumitisinqxntantthatthesensecunnnm
not be shunted through the hard biasing layer 150. The hard biasing layer 150,
which is preferably a CoPtCr alloy, is preferably formed directionally 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 thé
R thickness of the sensing .layer 132. The photoresist 190 and the alumina and
hard biasing layers on top of it are then removed, resulting in the electrically
isolated regions of hard biasing ferromaggetic layer 150 that are located at the
side edges of the magnetic tunnel junction that define the track width TW

(Figs. 6G-6H). Next, lithography is used to form the initial strivie(h&ighti (béfére



the MIJ MR head. Proper orientation of the noment of sensing |ayer 132 can
be acconplished by the presence of the biasing ferromagnetic |ayer 150

al one. The magnetostriction of the sensing layer 132 is arranged to be
close to zero (by choice of conposition of the Ni-Fe alloy) so that any
stresses in this layer induced by the fabrication process do not, of

t hensel ves, lead to any magnetic aniso[gﬂgy An alternative sensing
ferromagnetic | ayer 132 may be conprise f athin Co or [err]or [err] (x
is approximately 60) |layer at the interface between the sensing
ferromagnetic layer 132 and the tunnel barrier layer 120, with the bul k of

| ayer 1321dpping) of the\MTEd 10048t dépisitivh Sl Paittdrning 6 phétdresist (91 s

approximately 19). The net nmgnetostriction of this type of sensing |ayer

ot er f aceUgecBPBI) I ol g i therl dbe dow 8 ihe RRAFRA] BSdioR db2.

{ixed f or RpRAALbY & q?%éiq':éé&@fﬁé?‘ tieha) AuminH S FosgRRg BAHE [ cr ]

ayer wit Qtricit;\gensﬂoéwyrenrin%igg. 6012-6(}:. JI‘h ]b %re[sfsrtrl]gl axmi ;lumma 140 on top of
it are removed, leaving the structure shown in Figs. 6M-6N. The fabrication of
ﬁhehﬂﬂJhMR}nuulquchnﬁisﬁhenemsamﬁaﬂyconuﬂeugrequhingcuﬂy
openhu{www<hnnntoekmhﬁaﬂ1nndndmr102andjhmnxnmmkuﬁngthetqp
electrical lead 104 onto the top of MTJ 100.

In order to obtain symmetric output characteristics for the MTJ device,
the magneﬁzation direction 133 of the ferromagnetic éensing layer }32 must be
maintained in the direction shown in Fig. 4A, i.e., along the longitudinal
dhecﬁonwwﬂﬁlnotnmmnnnseconuxuunﬂs.ﬂ&ﬁsisacumnphﬂhadbyluﬂanchu;
the ferromagnetic coupling field ch between the sensing and fixed
ﬁmnnnagneﬁchmﬁnsvﬁththedenw@neﬁzaﬁonihﬂdIL,ﬁnuntheﬁmed
ﬁmnnnagneﬁclayen.F&methath1anLEEJdevkﬁ,dmcethetﬁnneﬁngcuznumis
ﬂowingrunnnaltothelayemsoftheshnunume,Htﬂefkﬂdisinduom@ﬁﬂnncnnment
fknyhnﬁheﬁmms.Ihbdependscﬁwkanyonthezudmreoftheinunﬁmmslxﬁmmmn

R the ferromagnetic films and the actual junction and the thickness of the
junction. Hy, can vary from several Oersteds (Oe) to 20-50 Oe. H; depends on
ﬁhegeanuﬁnyofthesenmm;ie”fhudshdpeluﬁghtEﬂlandfhnxiﬁmmonuupnaﬁc
hnmmitﬁcknesst,andthefhmﬂibzunnagneﬁcnmupnﬁhuﬁhnnna,and\nniesam

[(t/SH) x Ml. Thus, for t = 50A, SH = 10,0004, M = 800 Oe, H is in the 40 Oe



approximately 60) layer at the interface with the tunnel barrier |ayer 120.
The largest signal is obtained wwth Co or with the highest polarization
[err] (x is approximately 60) or [err] alloy (x is approximtely 70). The
interface layer is optimally about 1-2 nmthick. The net magnetostriction
of the conbined |ayer is arranged to be close to zero by snmall variations
of the composition. If the bulk of layer,118 is N -Fe, then the conposition
is [err] the conposition for which bulk Ni-Fe has zero nagnetostricti on.

The Fe-M antiferromagnetic |ayer 116 may be replaced with a N -M Iayer or
other suitable antiferromagnetic |ayer which exchange biases the

whi ch 1o SopEyEpr oy Tt B8 “eﬁ*ﬁ%‘i‘ﬂé?*t“éaﬁ?ﬁ“? sherads ay%?“ﬁ

ncr easedIREHHER: Bla 2 b6 ttfﬁe% e DrsenatenobpalEnsings hesd w9 fiyees,

Separ at edibto designa ngéJn"bﬁt roipimizeatboth fielda Hy an be nriniamzedh iy eing

coupling of the two magnetic layers. This type of lam nated fixed layer is

descri bed thg 1amithdted antiPakAllkl fixeddayéPaescribed i%'tire previously-cited IBM
tLS.Paunﬂﬂi465J85.ﬂﬂuanetnwgneﬁcnmﬁnentofsuchzikummiéequhnﬂent
toﬁbedﬂﬁaenmebehwam1ﬂhetwoIﬁnnedﬁMms;ﬂﬁsdﬂﬁnenmehehu;
appfoximately 54, so that H is reduced to approximately 4 Oe. One can then
optimize the interface to reduce H,. .

After the lead 104 has been patterned and the MTJ MR head structure is
essentially complete, it is still necessary to align the maghetization of the fixed
ferromagnetic layer 118 in the proper direction. The Fe-Mn layer 116 for
exchange coupling with the fixed ferromagnetic layer 118 is antiferromagnetic
as deposited. However, its magnetization must be realigned so that it can
exchange couple the fixed ferromagnetic layer 118 in the proper orientation.
'Pheshnuxumeisphumdinjulannéaﬁngdwmnandthetenuxnatuneh&ﬁﬁsedto
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

it anisotropy with the fixed ferromagnetic 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 w:]l be along the direction of the applied magnetic field.

The applied magnetic field in the annealing oven thus causes the moment of the



Process for Fabricating the MIJ MR Read Head The process for preparing the
.MI'J’ MR read head according to the present invention will be described with
reference to the process flow diagramof Figs. 6A-6N. In this series of
figures, the figures on the left represent cross-sectional views of the

I ndi vidual |ayers as they are deposited and patterned, and the figures on

the right represent the corresponding top viewto illustrate |lithographic
patterning to ultinmately create the MI> B&R+ead head as shown, for exanple,
in Fig. 4B. For ease in illustrating the process, the individual |ayers

maki ng up MrJ 100 will not be shown in Figs. 6A-6N, but these series of

vers W tod i tiB veF 1183 A Roh tplTauTe daagiqal o (ot
The. subs pemendiculas ta the ARBo, Shown io-ihe 7ot 14 1afien b PRl A ettt ' ne
sputter growth produces very snmooth filnms. An applied magnetic field of

magni t udeofdoling the FevMh layer in theiprésence obthe ferramagmetielayertH8,subst r at e
(and in the direction fromleft to right in the figures) may be used to

I nd | [ i tieseld! i dirbeti q wt. As
ot of | B e ia ot e 1 21

part of 0, the alum num | ayer which is to becone
e e | R 0 HIRE o PO a3
applied magnetic field from the recorded medium, the magnetization of the
fixed ferromagnetic layér 118 will not substantially rotate. _
The final stripe height SH of the MTJ 100 in the device is formed by
lapping the lithographically-formed front sensing edge to a final dimension
back to line 161, thereby completing the structure shown in Figs. 4A-4B.
The detailed description of the MTJ device has been presentgd above
with respect to its use as a MR read head. However, the invention is fully
applicable to an MTJ device for use as a memory cell in a solid state memory
array. In such an application, the fixed ferromagnetic layer has its preferred
magnetization direction fixed, in the absence of an applied magnetic field, so as
u:beeﬂberpandﬂéloranﬁpanﬂkﬂtothenmuguﬁhwmknldhecﬁmnofthesenshu;
fel;szmagnetic layer, which is longitudinally biased by the electrically isolated
e e ferromagnetlc blasmg layer. When the memory cell is “written to” by the
applied magnetic field generated from a write current, the magnetization
direction of the sensing ferromagnetic layer is rotated 180 degrees. The sense

circuitry then determines whether the memory cell is a “one” or a “zero” by



a.power density of 25 [err] for 30-240 seconds. This forns the insul ating

= 22 - tunnel barrier layer 120 of alum na. The plasna oxidation of the

al umi num | ayer is doné w t hout- breaking vacuumin the process. Al though not
essential to the operation of the MIJ device, it may be beneficial to
induce in the fixed and sensing ferromagnetic | ayers appropriate magnetic
ani sotropi es by depositing these Iayg& in approxi mately orthogonal
magnetic fields. Prior to the deposition of the sensing ferromagnetic |ayer
132 in the MIJ 100 and after formation of the alum na tunnel "barrier |ayer
120, the substrate is rotated approxinmately 90 degrees in the plane of the

subst r at ege@chisigliBeld &fﬂﬁ?% ¥RV dsrlfn SRk f5h ' :

Al ternatively, heeex?erna a%%ﬁ‘{e‘%’ nagneta?i():&}l el d can %gﬂ?%t at e%@%ﬁccej
the MIJ vi ce_described an hown,.in Eig. 4A has the fixed ferronmagnetic

| ayer on%@%mﬁﬁgﬂ?ﬁmaﬂﬁg?r?ﬂgp%‘w%e can al so be formed by depositing
the sensing ferromagnetic layer first, followed by the tunnel_ barrier

| ayer, the fixVihile %m%&mvmhaamm@i;ﬂysbmmddesm@d Such

an MIJ device woul d then have the layers essentially inverted fromthe MIJ
100 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
invention is to be considered merely as illustrative and limited in scope only as

specified in the ai)pended claims.



'shavvn in Fig. 4A. The process starts in Fig. 6Awith the sequentlal

deposi tmmz and MIJ 100 (which includes the top capping

| ayer ers are then patterned into the shape of the bottom

el ectrl o w“} ﬁmgg' hown by Fig. 6B. In the next step, Fig. 6C,

l'i t hograp f|ne the track width TWof the MIJ 100. As shown
in Fig. 6C, a p05|t|ve photoresi st_190 has been applied to the |ead 102 and
MIJ 100 and devel oped to define the track wi dth. - 23 - Subsequently,

i slands of material are renoved fromthe MIJ 100 by ion mlling down to the
electrical lead |ayer 102. By suitable choice of material for capping |ayer

134, it npmatiseldimePissi bl e to reactively ion etch the capping |ayer 134
before ion mlling the remaining MIJ | ayers. Next, in Figs. 6E—6F t he

e L Aol R B e e Bl

deposi ted, t hrough t penings in hotoreS| st 190, VJ ng..i slands of
el ectri cdor et%&lﬁg&@-‘ll %G tl’i‘i‘&he fExces € bi asing
ferrmagnetic | ayer 150. The initial aI um na

comprising:

a substrate;
a first electrically conductive lead formed on the substrate;
a magnetic tunnel junction stack formed on'the first lead and comprising
a fixed ferromagnetic layer having it.s magnetic moment fixed in a preferred
direction in the absence of an applied magnetic field, an insulating tunnel
barrier layer in contact with the fixed ferromagnetic layer, and a senéing
ferromagnetic layer in contact with the insulating tunnel barrier layer, the
sensing ferfomagneﬁc layer having a generally rectangular shape and two
opposite side edges;
a second electrically conductive lead formed on and in contact with the
magnetic tunnel junction stack;
a biasing ferromagnetic layer formed on the substrate on opposite sides of
said stack and spaced from the side edges of the sensing ferromagnetic layer,
U the biasing ferromagnetic layer having a magnetic moment for biasing the
magnetic moment of the sensing ferromagnetic layer in substantia]ly the same
direction as the moment of the biasing ferromagnetic layer in the absence of an

applied magnetic field;



Iayer 160 and subsequent alumi na | ayer 160 are preferably forned by RF

sputtering—to—previde full coverage over electrical |lead 102 and at the
edges of MIJ 100 and are each fornmed to a thickness of 100-500A. This

process rj u”:l ,ator with high integrity since it is inportant
that the mﬁ |m,’mm be shunted through the hard biasing |ayer 150.
The hard bi asi ng Ia er®150, which is preferably a CoPtCr alloy, is

preferably forned directionally by a drrZ2ti onal deposition process, such

as ion beam sputter deposition, so there is no edge overlap, and is
deposited to a thickness of approximately tw ce the thickness of the

FSS;LZQSLﬂyiL Sfslodtif are f%%ﬁ%ﬁnﬁg%?%%%ﬁﬁéﬁh%%e gqggbﬁc'a e 1
:attsotﬁteem i ons @% ard bi smg erro&a}%rg?éqcl a aYY‘ tat ?cat-

wi dt h TW(Flgs GGGH) Next, |ithography is usedtoformthelnltlal

stri pe helsylﬂewmﬁhesensﬁzgfeﬂmhcdayeﬂ;e MrJ 100 by deposition and
patterni ng of photoresist 191 (Figs. -6J). lon mlling is then done down

to the el ectri %eﬁ%&%éﬂthé@fecﬁﬁbl%ﬁ&ﬁc@nﬂ&&é&%tﬁés@ﬁsé&%ﬂiﬁjth@na'

alum na 140, resulting in th
electrical resistance to current flow perpendicularly through the layers in said

stack is detei'minéd by the relative magnetic moments of the fixed and sensing
ferromagnetic layers, and sense current is prevented by said insulating layer

from shunting to said biasing ferromagnetic layer.

2. The. magnetic tunnel junction device according to claim 1 wherein
the magnetic moments of the fixed and sensing ferromagnetic layers are
oriented generally parallel' or antiparallel to one another in the absence of an

applied magnetic field.

3. The magnetic tunnel junction device according to claim 1 wherein
the magnetic moments of the fixed and sensing ferromagnetic layers are
oriented generally orthogonal to one another in the absence of an applied

N magnetic field.

4, The magnetic tunnel junction device according to claim 1 wherein
the insulating layer also electrically i_nsulates the biasing ferromagnetic layer

from at least one of said leads.



sty ucture shown in Figs. 6K-6L. The photoresist 191 and alumina 140 on top
of it ar«-:-—r-em;v_ed,wﬁt he structure shown in Figs. 6M6N. The
fabrication of the MIJ MR head structure is then essentially conplete,
requiri ngﬂmnﬂ"mm isps down to el ectrical conductor 102 and then S
over | ayi nigs u‘mm cal lead 104 onto the top of MIJ 100. In order to

obtai n synmetri ¢ olit pit characteristigs for the MIJ device, the
magneti zation direction 133 of the fefromagnetic sensing |ayer 132 nust be
mai ntained in the direction shown in Fig. 4A, i.e., along the |ongitudinal

direction with no transverse conponents. This is acconplished by bal anci ng
the ferromagnetic coupling field Herr] between the sensing and fi xed
ferromagnetic layers with the denagnetization field [err] fromthe fixed

ferromagnetic layer .yNote that .in an.MJ. deyice sSinge e | j .
current is flofng noihaens Myﬂw %%?Wfﬁ*ﬂé&?%ng@%ﬂlls
i nduced fromcurrent flowin the films, [err] depends critically on the

nature of thedirstelectricaldend istlae botion leads theymagnetic tunnel junetien gtack-is

junction and the thickness of the junction. [err] can vary from several

Cer st eds (fe@med ondheSSubisbrate duch thap ehé fixed ferrongpmvticluyer is irceleetrieal,

i.e., final stripe height SH and fixed ferronagnetic |ayer thickness t, and
o | XS chRBRBIANh BTEHEURESIGA T, B pAYa St et T

lead and is in electrical contact with the sensing ferromagnetic layer.

6.  The magnetic tunnel junction device according to claim 1 wherein
the first electrical lead is the bottom lead, the magnetié tunnel junction stack is
form?d on the substrate such that the sensing ferromagnetic layer is in |
electrical connection with the first electrical léad, and the second electrical lead

is the top lead and is in electrical contact with the fixed ferromagnetic layer.
1. The magnetic tunnel junction device according to claim 1 wherein

all of the layers in said stack have generally the same rectangular shape with

contiguous side edges.

e e TS



25 - range. By varying the geonetry of the sensor and the characteristics
of t he Interfaces, [err] can be matched to [err] One manner of bal ancing
t hese t sign a sensor ‘that mnimzes both fields. [err]
can be ﬁmlm @I“ﬂ““ﬂﬂ the lam nated antiparallel fixed |ayer described
in the previousty-kitsed+*IBM U S. Patent 5,465,185. The net nagnetic nonent
of such a layer is equivalent to the di iqyence bet ween the two pinned
films, this difference being approximatey 5A, so that [err] is reduced to

approximately 4 GCe One can then optinize the interface to reduce [err]
After the |lead 104 has been patterned and the MIJ MR head structure is

essentially cogpl et is still neces

the fixed ferrgﬁagngheén?%%?c,ﬂ%naﬂ“f]ﬁ@ (?ea%‘liogpd#l%&r?@%ﬁ 1F&Ekal‘ﬁﬁayer

116 for exchange coupling with the fixed ferrorragnetl C 118 |s

ant i f er r othgmagnetied #mation M@Fthqrt‘&%%ﬂﬁp

realigned so that it can exchange couple the fixed ferromagnetic Iayer 118

in the prlyyer incontactiwith thélfixed ferromagnetic Hyerdor fixingthemagnetis oven and
the tenperature is raised to approximately [err] which is greater than the

bl ocki ng ${HARERES 0% exmgheﬁewawwmmuyayer no

| onger giVves rise

interfacial exchange coupling.



anj sotropy with the fixed ferromagnetic |ayer 118. An exchange ani sotropy

116

.of the ferromagnetic Iaﬁer 118 is devel oped by cooling the pair of |ayers

rived 1 of IREUEHIENIED

Ilel d. The orientation of the magnetization of the
118 will be along the direction of the applied

magneti ¢ fiefd.“The dpplii ed magnetlc field in the annealing oven thus

causes the nonent of the - 26 - flxeg ferromagnetic |ayer 118 to be
fixed along the required direction perp Adicular to the ABS, as shown by
the arrow 184 in Fig. 5. This is a result of cooling the Fe-Wnh layer in the
presence of the ferromagnetic Iayer 118 magneti zed by the applied magneti c
-field, in the eqw A =Tor Wle] fsg:W &3 Fdiesdsdngi ng
tenperature o %%#{16 ore’% IRCE o% ﬁtnee ile magneti c fleld frognthe
recorded nedi um the tlon of,, the fi ed ferrorra etic-layer 118

wil | not%meﬁlﬁ OI%I’PemPﬂHHPEfEﬁ of the MIJ 100 in

the device is forned by Iapplng t he I|thograph|cally formed front sensing
edge to a fina substeste;on back to |ine 161, thereby conpleting the
structure shown in Figs. 4A-4B. The detail ed description of the MIJ device

has been presgfigst élbettéde having a fixed ferromagnetic layer formed over the

substrate, the magnetization direction of the fixed ferromagnetic layer being
fixed along a preferred direction so as to be substantially prevented from
~ rotation in the presence of an applied magnetic field from the medium;

a second electrede having a sensing ferromagnetic layer whose
magnetization is oriented in a direction generélly 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; |

| an insulating tunneling barrier layer located between the fixed and
sensing ferromagnetic layers for permitting tunneling current in a direction
generally perpendicular to the fixed and sensing ferromagnetic layers;

a biasing ferromagnetic layer for longitudinally biasing the
magnetization direction of the sensing ferromagnetic layer in a direction
generally perpendicular to the magnetization of the fixed ferromagnetic layer in
the absence of an applied magnetic field;

an electrically insulating layer located between the biasing and sensing
ferromagnetic layers for electrically isolating the biasing layer from the sensing

layer; and



wietxh.frespect toits use as a MR read head. However, the invention is fully
applic 0 an MIJ device for use as a nenory cell in a solid state
menory ar am appl i cation, the fixed ferromagnetic |ayer has its
pr ef errZH‘ﬂH r‘lﬁgﬂmmnh rection fixed, in the absence of an applied
magneti c ,LS@ as to be either parallel or antiparallel to the

magneti zation direction of the sensing ferromagnetic |ayer, which is

| ongi tudinal 'y biased by the electrical Fy33 sol ated ferromagnetic biasing

| ayer. When the nmenory cell is "witten to" by the applied nmagnetic field
generated froma wite current, the magnetization direction of the sensing

ferromagneti c |apair ofselectrivat deddy) edely lembbeihgeonnocedtioraregpeytivaen
determ nes whet her the nenory cell is a "one" or a zero" by - 27 -

detecting | dattricadl ﬁ}“?ﬁ ﬁ,ﬁ&gﬁg W‘h\i}\{ﬁm |
ferrorragne%ll C ggg?lsaé%re a@ﬁggﬁgﬁ?a elm%r ant garal el. I'le t%eaye_r’
present invention has been particul arl 0 and descrihed.with reference
Do the. pr oY Brely WHaB A raiRe chrrest s packed BRtiued haSbptrongs i bastebed | n ¢ he
art that various changes in formand detail nay be nade wi thout departing

from t he generallymperpengdiculdrly throughthe insulating tunneling bamderlaydrosed

without passing into the biasing layer.

10. The head according to claim 8 further comprising an
antiferromagnetic layer in contact with the fixed ferromagnetic layer for fixing
the magnetization direction of the fixed ferromagnetic layer by interfacial

exchange coupling.

- 11.  The head according to claim 9 wherein a first one of the electrical
leads is formed on the substrate and wherein the antiferromagnetic layer is
formed on the substrate and located between the substrate and the fixed
ferromagnetic layer, the fixed ferromagnetic layer being formed on and in
contact with the antiferromagnetic layer, whereby the magnetization direction
of the fixed feﬁomgneﬁc layer is fixed by interfacial exchange coupling with

the antiferromagnetic layér.

e, e T
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irgvejnté_on Is to be considered nerely as illustrative and limted in scope

only as specifi ed ' appended cl ai ns. -28- What is clained is: 1.

A magnet nnel devi ce for connection to sense circuitry for
detecting “\Q i'cal resistance within the device, the device
conpri sing W first ‘electrically conductive |ead fornmed on the
subst rate gnet i ke tunnel junction stack fornmed on the first |ead and

conprising a fixed ferromagnetic |ayer ¥aving its nmagnetic nonment fixed in
a preferred direction in the absence of an applied magnetic field, an

i nsul ating tunnel barrier layer in contact wwth the fixed ferromagnetlc R
layer, and a skdsi nThedeadnacsording toagtaim Brwherein atfinst onetdfdhieralectricalg
tunnel barrier |layer, the sensing ferronmagnetic |ayer having a generally

r ect angul Rads ke RATAEE oh the MRBREFHE andORherEs the aeé@f@a@cﬁba@txs if6Frbd on
conductive lead forned on and in contact with t
the first one of the leads and is located between the substrate and the

insulating tunneling barrier layer.

13. The head according to claim 8 wherein the sensing ferromagnetic
layer has a generally rectangular perimeter ﬁth a sensing edge oriented
toward the medium, a back edge generally parallel to the sensing edge and
spaced from the medium and two generally perpendicular side edges, and
wherein the biasing fen.‘omagneﬁc layer is located adjacent to said two side
edges but separated fro;n said two side edges by the insulating layer, whereby
the magnetization direction of the sensing ferromagnetic layer is longitudinally

biased in a direction generally parallel to said sensing edge.

14. The head according to claim 11 wherein the fixed ferromagnetic
layer, the tunnel barrier layer, and the sénsing ferrpmagnetic layer are formed
as a stack of layers with the fixed ferromagnetic layer and the tunnel barrier |
_layér having edges geneially coplanar with the rectangular edges of the sensing
ferromagnetic layer, and wherein the insulating layer electrically insulates said

stack from the biasing ferromagnetic layer and said electrical leads.



nagn%tic tunnel junction stack; a biasing ferromagnetic |ayer formed on the
substrate on opposite sides of said stack and spaced fromthe side edges of
t he sensing ferromagnetic |ayer, the biasing ferromagnetic |ayer having a
magneti c nonent for biasing the magnetic nonent of the sensing
ferromagnetic layer in substantially the sane direction as the nonent of
the biasing ferromagnetic layer in the gpsence of an applied magnetic
field, an electrically insulating | ayer separating the biasing

f er r omagnet MAGREIICATUNNEL FENSTION BEVICEONEFH LONGETUDINAL BIASENG Wi t h
one another at said side edges of the sensing ferromagnetic |ayer; whereby
when the ABSTIRACE! | eads are connected to the sense circuitry the

el ectrical resistance to current flow perpendicularly through the layers in
said stack is demagmaticaunig) jutiction device (K0 farruse ias a muagpeticmemoryheelf oxxad and
sensing ferromagnetic |ayers, and sense current is prevented by said

i nsul at i ngpagestic field semsor has ppyfixesd ferromagnetic Iayeri(&1§)nd pre sensingayer . 2.

S R ATE IR R VT R PR T R
(120), and a hard biasing ferromagnetic layer (150) that is electrically insulated from but
yet magnetostatically coupled with the sensing ferromagnetic layer (118). The layer of
hard biasing ferromagnetic material (150) is located near to but spaced from the side
edges of a sensing ferromagnetic layer (132) to longitudinally bias the magnetic moment
of the sensing ferromagnetic layer (132) in a preferred direction. A layer of electrically
insulating material (160) isolates the hard biasing material (150) from the électrical leads
(102, 104) and the sensing ferromagnetic layer (132) so that sense current is not shunted
to the hard biasing material (150).

Fig. 5



orianted generally parallel or antiparallel to one another in the absence
é}/an applied magnetic field; 3. The magneti c tunnel junction device
ccording to claim 1 wherein the nmagnetic nonents of the fixed and sensing
ferromagnetic | ayers are oriented generally orthaogonal to one another in
t he absence of an applied magnetic field. 4. The magnetic tunnel junction
devi ce according to claiml wherein the insulating |layer also electrically
i nsul ates the biasing ferromagnetic layer fromat |east one of said | eads.
-30- 5. The magnetic tunnel junction device according to claim1 wherein
the first electrical lead is the bottom|ead, the magnetic tunnel junction
stack is fornmed on the substrate such that the fixed ferronagnetic |ayer is
in electrical nne%z on witp4hexfigst el ecygical |&gl, and the second
electrical leagyis t top |l ead an in el ctrlcal ontact with the
sensi ng ferronébnetlc ayer. a\ gm ﬁ
according to

nagnet|“ tunnel j\unction device
‘ellxen a4 el Aaaaeg 4Me bottom | ead,

the magnetic t 13
4 |
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¢ ' |
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formed on the substrate such that the sensing ferronmagnetic layer is in
el ectrical connection wth the first electrical |ead, and the second
electrical lead is the top lead and is in electrical contact with the fixed

ferromagnetic | ayer. 7. The magnetic tunnel junction device according to
claiml1 wherein all of the layers in said stack have generally the sane
rectangul ar shape with conti guous side edges. 8. The magnetic tunnel

junction device according to claim1 wférein the magnetic tunnel junction
stack further conprises an antiferronmagnetic |ayer in contact with the
fixed ferromagnetic layer for fixing the magnetic nonent of the fixed
ferromagnetic layer in said preferred direction by interfacial exchange

coupl i ng. - 32 - 9. A magnetic tunnel junction magnetoresistive read
head for sensing data nagnetically recorded on a nedium the head
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a substrate; a first electrode having a fixed ferromagnetic |ayer forned
over the substrate, the magnetization direction of the fixed ferromagnetic
tayer being fixed along a preferred direction so as to be substantially
prevented fromrotation in the presence of an applied magnetic field from
the nmedium a second el ectrode having a sensing ferromagnetic | ayer whose
magneti zation is oriented in a directi§? general ly perpendicular to the
magneti zation direction of the fixed f ?onagnetic | ayer in the absence of
an applied magnetic field and is free to rotate in the presence of an
applied magnetic field fromthe nedium an insulating tunneling barrier

| ayer | ocated between tHe fixed and sensing ferromagnetic |ayers for
permtting tunneling current in a direction generally perpendicular to the
fixed and sensing ferromagnetic |ayers; a biasing ferromagnetic |ayer for

| ongi tudi nally biasing the magneti zation direction of the sensing
ferromagnetic layer in a direction generally perpendicular to the

magneti zati on of the fixed ferromagnetic |ayer |n t he absence of an applied
magnetic field; an electrically insulating Iaﬂ 8 ated between the

bi asing and sensing ferromagnetic layers for el ect cally isolating the

bi asing |l ayer from{he s ;
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- 33 - a pair of electrical |eads, each | ead being connected to a
respective el ectrode and electrically isolated fromthe biasing |ayer by

- ,the insulating | ayer; whereby when a sense current is passed between the
el ectrodes it passes generally perpendicularly through the insulating
tunneling barrier |ayer w thout passing into the biasing |ayer. 10. The
head according to claim8 further conﬁr'sing an antiferromagnetic layer in
contact with the fixed ferromagnetic é@er for fixing the magneti zati on
direction of the fixed ferromagnetic |ayer by interfacial exchange
coupling. 11. The head according to claim9 wherein a first one of the
electrical leads is forned on the substrate and wherein the
antiferromagnetic layer is formed on the substrate and | ocated between the
substrate and the fixed ferromagnetic layer, the fixed ferromagnetic |ayer
being formed on and in contact with the antiferronmagnetic | ayer, whereby
the magneti zation direction of the fixed ferromagnetic layer is fixed by
interfacial exchange coupling with the antiferromagnetic |ayer.
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- 34-- 12. The head according to claim8 wherein a first one of the
electrical leads is forned on the substrate and wherein the second
€lectrode is formed on the first one of the 1eads and is | ocated between
the substrate and the insulating tunneling barrier layer. 13. The head
according to claim8 wherein the sensing ferromagnetic |ayer has a
general ly rectangul ar perineter with as?gnsing edge oriented toward the
medi um a back edge generally parallel {0 the sensing edge and spaced from
the nedium and two generally perpendi cul ar side edges, and wherein the

bi asing ferromagnetic layer is |ocated adjacent to said two side edges but
separated fromsaid two side edges by the insulating |ayer, whereby the
magneti zati on direction of the sensing“feﬁ§oqggnetgg | ayer is

| ongitudinally biased in a directg ﬂ‘ggne?hlﬁy par&flel to said, sensing
edge. 14. The headypccording to ari /llowhergein the fixed ferr magneti c

| ayer, the tunnel harrier |aydf /an hé=sdn ing fgrromagnetic llayef are

formed as a stack of layers WTA &R i X gfragnetidc]l ayer 3And
tunnel barrier |ay } n I ofllanar with the-fect dngul ar
edges of the sensi (] _ 7
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ferromagnetic | ayer, and wherein the insulating |ayer electrically
insul ates said stack fromthe biasing ferromagnetic layer and said

" #®lectrical |eads.
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