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| MPROVED NA RATIOS5 Field of the Invention The present
_invention rel 1 l tic elements for information storage and/or
sensing and a met hod thereof, and nore particobarby, 2002 a

met hod of fabricat®ig and t hus defining the nmagnetic elenent to inprove the
magnet oresi stance 10 rati o. Background of the Invention 15 This application
is related to MAGNEFIDIBELEMPNITI WHIH (N IMRR (D MNGNETORESIHIMENCRUNber
CR97-133 and U. S. serial no. 09/144,686, entitled "MAGNETI C RANDOM ACCESS
MEMORY AND FABRI CATI NG METHOD THEREOF, RAfliOed on August 31, 1998, assigned
to the sane assignee and incorporated herein by this reference, co-pending
application that bears Mtorola docket nunmber CR 97-158 2 0 and U. S. serial
no. 08/ 986, 764, entitled "PROCESS OF PATTERNI NG MAGNETI C FI LM5" filed on
Decenber 8, 1997, assigned to the sane assi gnee and incorporated herein by
this reference and issued U S. patent no. 5,768,181, entitled "MAGNETIC
DEVI CE HAVI NG MULTI - LAYER W TH | NEiglhof the:ImwntiomNDUCTI VE LAYERS', i ssued
June 16, 1998, assigned to the sane assignee and incorporated 2 5 herein
by. Typically, a magnetic elenent, such as a magnetic nenory elenent, has a

25 NOV 2002 . . : . .
The present invention relates to magnetic elements for information storage

and/or sensing and a fabricating method thereof, and more particularly, to a method of
fabricating and thus defining the magnetic element to improve the magnetoresistance

10 ratio.

Background of the Invention

15 This application is related to a co-pending application that bears Motorola
docket number CR97-133 and U.S. serial no. 09/144,686, entitled "MAGNETIC
RANDOM ACCESS MEMORY AND FABRICATING METHOD THEREOF,"
filed on August 31, 1998, assigned to the same assignee and incorporated herein by
this reference, co-pending application that bears Motorola docket number CR 97-158

20 and U.S. serial no. 08/986,764, entitled “PROCESS OF PATTERNING MAGNETIC
FILMS” filed on December 8, 1997, assigned to the same assignee and incorporated
herein by this reference and issued U.S. patent no. 5,768,181, entitled “MAGNETIC
DEVICE HAVING MULTI-LAYER WITH INSULATING AND CONDUCTIVE
LAYERS?”, issued June 16, 1998, assigned to the same assignee and incorporated

25  herein by.

Typically, a magnetic element, such as a magnetic memory element, has a
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- 2 structure that includes ferromagnetic |ayers separated by a non-nagnetic
| ayer. Information is stored as directions of magnetization vectors in
magnetic | ayers. Magnetic vectors in one magnetic |layer, for instance, are
“magnetically fixed or pinned, while the magnetization dirgstion »o2 he

ot her magnetic layer is free to swtch 5 _between the sane and opposite
directions that are called "parallel” and "anti-parallel" states,

respect | vel Kuyldled QRRONRAE RAOAERLicANHANLMPALACh MRhaSnet fayer

magnetic menory el enment represents two nt resfstances.

resi stance NaghAbius S6Hd RX TS dfehadaRatidte vEBERET ZRlgneic MgFOrs of
the two nagnetic |ayers point in substantially the sane and oOpposite

di rections, NigsReet Vacedry . in A0 hhighet layRr, 1frdigb@hdd, Qe FhagnRBOAR KiRed or
resi stance allows a device, such as an M device, to provide’information
stored in thendsRgRBIE Chd ARz i @NERiction PE tHl dthaT BAGRLD &lyeERNfréc® sWikhmum
and maxi mum resi stance val ues, divided by the m ninumresi stance i s known
as the nagn&leoresitht amne andbppos(tdBrectidns Aat MRAMIde VparallelNtaadaiibparatigiiet | ¢
el enents, nore particularly magnetic nenory el enents, and other circuits,
for exanpl e,staes; opspeotivaty.r clni tesparse nagpebliad andnmantispahietestates, thenmpagrmatior s
for detecting states in a nagnetic nenory el enent, input/output circuits,
etc. These cnemerytgement fepteserdated differehierepistnesss ‘bhe @vEEINCE dwup Indimsmurar y
met al - oxi de sem conductor) technology in order to | ower the power 2 0
consunpt i on a8fl MapamyEYivabies WgRethe dnagnetgaiion veqterstafr e |tyoi megatie lpgess t hin
| ayers, sonme of which are tens of angstrons_ thick. The manufacturabjlity

t hr oughput a(WH“d%rSPBFr‘%H’g‘éS tbs SqRE 2R GRRASTE dieEtiNt rqsee%ﬁﬁnfxm@nw@ﬁ t he

ti t t tili d dit 5 | ity. A i Iy, i.t i
rmgnetl 05t LIS SLbizet, ML B3 comlen L feserdhndy it 8
A, RGeS SRS D00l O D0 Bl YRS o RABEE SO, 1

25 NOV 2002 3. 50MaHm bR Btixtdu rgﬁytﬁﬁc%\i/ huedbied Wk%iﬂqnahwg%i%mh&oi@ does

not depend on the precise overly for each of the m’llions to bilTTions of
bits. Duringnbwiiasahe MBgLSeGsBhRTRAS (XAYr i cation, such as MRAM el ement 5
fabrication, netal filnms are grown by sputter deposition, evaporation, or
epi taxy techni ques. One such magnetic el enent structure includes a
substrate, a base electrode nmultilayer stack, a synthetic antiferronmagnetic
(SAF) stbBucture, AmMRAM deving irtegrael nipeneiie elemenesy, mae agicubplyahegietiode
stack. The base el ectrode | ayer stack is forned on the substrate and

i ncl udes a fmemeryselententay end @dswsdircaits.ofort ¢xamplysa comteol eircudt fosnphgnesic
ferromagnetic |layer formed on the seed | ayer, a |ayer of an

anti f er r onngHEReY SISERts-aforaRaratars f0B sstesting |Stasy ingh magnsiichmemore elegielnet i ¢
| ayer fornmed on, and exchange co

led . with th der | yi i f i
e o e SR U BLE A S HRdEE VL0 SR o=t
regnet ko CRBAE Rt PRSP AL R e

presence of ‘an magheti C structure
pi nned rr i .and a fixed ferromagnetic | ayer, separated by a
| ayer o%sru%henl n#ﬁﬁng éﬁ??%e. The top el ectrode stack includes a free
ferromagnetic | ayer and a protective |layer fornmed on the free layer. The
magneti c nonent of the free ferronmagnetic |ayer is not pinned by exchange
coupling, and is Nhgftit redeméms seh@lRllyninthge Beps eif Gaydrs, adRld 6 wiRNGki C
fields. As described, this type 2 0 of nagnetic el enment structure includes
a very conpltens off arppgemenhickf Thrymasufactdrabdlits uhfoughputaindapeefodinhece 6f thegh
t hroughput. An alternative structure includes, a magnetic el enent materi al
st ack whi ch mapnetidedembnteés ragdiebnal |wppar thes epgneati @ dstimgtuon euttlizad edndoatsr i er
and one conductive 25 spacer, such as TaNy. The m ddl e nagnetic |ayer is
formed 86 t lvampilaxitysAteardingly, itgs aceessary ¢hamalje adnagneti¢ devicevn which hesimple and
bottom magnetic | ayers are | ocked in an _ o )

structure is sought. A magnetic element structure in which including are fewer layers

than the standard magnetic element and less targets, is sought. In addition, it is



- 25 NOV 2002 4 antiparallel arrangenment or direction due to | owered energy
fromflux closure at the ends. During operation, the structure will have
~different resistances depending on which of the two directions the mddle
magnetic | ayer points its nmagnetization. In order to achi egenaynmpgpgetic

el ement which includes a better signal, qr an inproved 5 magnetoresi stance
ratio, it is desirable to includes dual tTunnel barrier layers. Yet, it has

been found tslaﬁ%htttw Buifl 5 WEUHE §n Wikith haddntdrdd R-HUHNSS BBES h& ddpendiidn! ihged 1N
the place of the conductive spacer. Accordingly, it is a purpose of the

present i nvepédiQovedlyFoOMcHSS e hilRsUs BillioRs sageti c el ement with an
| mproved nagnetoresi stance ratio. It is another purpose of the present
i nvention to provide an inproved nagnetic el enment that includes a higher

MR% or signal, and | ess voltage dependence. 15 It is a still further
purpose of the pridseny typicaintmagnetio gemntdéataicandijodudhi akoMRAM alememeti c
el enmrent with an inproved nmagnetoresi stance ratio. It is still a further

pur pose &f tfhlriqatiesentetdl nivlerst aengtoevnp by \spdeera demtsitoo, @ivafaamimgpraepieegmet i ¢
el ement with an inproved nagnetoresistance ratio which is 2 0 anmenable to
hi gh t hr oughpthniquesuf &aeusichgmagueiieaclemeht tstracture andliidas 2 SibTngeeanbasds and
others are substantially net through provision of a nagnetic el enent
i ncl udi ng a eigotrode FadtilaysrstackyesynthetispntifapmagnetipiStodtmeiropagelatas
material. a second mROell € L Vel (Lha Sadd S odd Ficioad 1 ShllPge 1 ©
formed on the substrate and includes a first seed layer deposited on the substrate, a
10 template ferromagnetic layer formed on the seed layer, a layer of an antiferromagnetic
material on the template layer and a pinned ferromagnetic layer formed on and
exchange coupled with the underlying antiferromagnetic layer. The ferromagnetic
layer is called the pinned layer because its magnetic moment (magnetization
direction) is prevented from rotation in the presence of an applied magnetic field. The
15  SAF structure includes a pinned ferromagnetic layer, and a fixed ferromagnetic layer,
separated by a layer of ruthenium, or the like. The top electrode stack includes a free
ferromagnetic layer and a protective layer formed on the free layer. The magnetic
moment of the free ferromagnetic layer is not pinned by exchange coupling, and is
thus free to rotate in the presence of applied magnetic fields. As described, this type

20  of magnetic element structure includes a very complex arrangement of layers and as

such is not amenable to high throughput.

An alternative structure includes, a magnetic element material stack which

includes three magnetic layers separated by one tunnel barrier and one conductive

25  spacer, such as TaN,. The middle magnetic layer is formed so that it is free to rotate

or change direction, while the top and bottom magnetic layers are locked in an



5 conprised of a pinned ferromagnetic material, and two (2) tunnel barrier

| ayers. The structure is defined as including two (2) tunnel barrier |ayers
_in which one tunnel barrier layer is normal and one is reversed, or a
structure in which the two tunnel barrier |ayers are of theg sgafebhgpe and
the structure further includes a SAF structure to 5 allow for sane sign
changi ng nmagnet or esi stance rati os across 4oth tunnel barriers. A spacer

| ayer is generally included when the nagnetic el ement includes the SAF
structure. Tansipaegaetrangemenent direntionetucitadpwersd eacigytfaom | fhidclostse ahtheal

| ead, the plurality of magnetic layers, the plurality aof tunnel barrier

| ayers, and $M& DyEBSOPERVOR, B HEGWE nwil bﬁveade‘%m TS$1ganges efapgding 98h as
a dielectric. ditjonally disclosed is a 1 o pethod of, fabricati.ng the
magnetic el e\’@ﬁg qfithe twey d?;ﬁﬁloé‘ééble R Et“&gé‘gﬁl%rag’ﬁﬁgoﬁnéﬁ it%maBP‘?t@P“O'g fi
Description of the awi ngs 15 FIGS. 1 and.2 illusirate.in cross-sectional
Vove. "t rorortcdutd opeaineiemenr Beafss b B SifRl R s oved
magnet oresi stance ratio accordi.ng to,the .present invention; and FIGS .3 and
4 1T ust ot enpaelorsue et 217 Grafiele BaBERAE ! NFRLYS s Bl FEhiS o
a magnetic i j r.esl : g I o]
the present THueal fout i TR OHEE WP AR O RBREE | BB TRRNARIELE © o
During the coutssiRlive Masedescription, like nunmbers are used to identify

i ke el ements accordin to the different figures that illustrate the
invention. FIGs. 1 and 2 25 NOV 2002 6 illustrate in cross-sectional
views a first and second enbodi nent of a nagnetic elenent according to the
present inventionAcddpdiBgRait is GUbipbse ofl the pedsent @etentionFloGrodideiad itnproveslt
enbodi mrent of a fully patterned nagnetic el ement 10. Magnetic el enent 10
struct unal | ymagretid @esnemt bathtaarimproveddnagngtoetsistarcayaio. 12, a bottom t unnel
barrier layer 5 14, a free magnetic layer 16, a top tunnel barrier |ayer

18, and a top pinned magnetic |ayer 20. Bottom pinned magnetic |ayer 12,
free magnetic layer 16 and top pinned magnetic | ayer 20 include i
ferronmagneti c | aykisanoty pyrmoseghthei riesent/myvention tg preyide an HRpraved MBERgtsn

barrier |ayer 22 ich is faqrnmed metal |ead 24, Diffusion barrier
Cayer 22 16 HgBrRAnynaluiesadigher MRYAPT HeRLCA dE5s FoLIRES TR e
thermal stability 10 of nagnetic elenent 10. Metal lead 24 is typically
formed on sonme type of dielectric material (not shown). Bottom and top

or ed ¢ e o
Phat thatr mmgnot f donmnier pAasE BLIAE pRESR BIGHCASOD IR a Mol e, of

an applied npoRgldl fmhiktid eldifiht VRARSHFolARigheiResistéh@Msti®0 are typically
formed of alloys of one or nore of the followng: nickel (N), iron (Fe),

and cobalt (Co) and each include a top surface 13, 17, and 21,
respectively, and a bottom surface 11, 15 and 19, respectively. Magnetic

| ayer 16 is descrithedtida furthee puipese @ffabe prdsent! iayeartionAocmosided yhethddeof
magneti c nonent of free ferromagnetic layer 2 0 16 is not fixed, or pinned,
by exchange foouplg agmagnetiagglemeonst atithcar oonprdvied mhgneerhsistance ratio which is

20  amenable to high throughput manufacturing.

Summary of the Invention

25 These needs and others are substantially met through provision of a magnetic
element including a first magnetic layer, comprised of a pinned ferromagnetic

material, a second magnetic layer, that is free to rotate, a third magnetic layer,



- flux closure, and is free to rotate in the presence of an applied magnetic
field. Free ferromagnetic layer 16 is forned co-linear with pinned nmagnetic
layers 12 and 20 and of alloys of one or nore of the follow ng: nickel

(Ni), iron (Fe), and cobalt (Co). Pinned ferromagnetic | agergot22emzl 20 are
described as having a thickness within a 2 5 range of 5-5000. Free
ferromagnetic |ayer 16 is described as hQV|ng a thickness generally Iess

surface 21 SPTPGRohA el drfnab i a G od Gue ) Wb Juth MORRLTRR
25 NOV 2002 fp @SS a&ﬁgafassasfaaﬂl d wagz?' QB AAHHE LG Bhtch e Wl

particul ar enbodi nment ottomtun rier |ayer fornme tant al um

(Ta) and oxygeser(i&)er lwo@maﬁaﬁd SHé %L%ers@@tapﬁﬁwﬁﬁl mb@rhfchethe lt@¥SHindd 1S 5

fornmed having a general fornula of TaOy, where <Y<2.5. Top tunnel Dbarrier
layer 18 is Hamm@e@sf a@w@lezs%ﬁlea& AR étﬁhaturquﬁwrahdmdéaaavsmg stri@ufe@pmul a
Al OX, where x < .5. In this parti cuI ar enbodi nent, top tunnel barrier

layer 18sis aqzl@wror l@@de 8iznkAhigng hagnaofesRlantaipiol ab0Es beh tusler barkieal Ahe
magnetic tunnel junction has a maxinumresistance (R) for anti-parallel

al i gned nagnrpadet leyacisr gersallyaindlirledi whenlther ampadtnelemeh) ifdidgsathal $ &F

al i gned magnetic el ectrodes. Mre specifically, when free ferromagnetic

| ayer 16 is sauigred Thamaddnelic wlettenbGirtlemipiludesch meghdeade Thaymetall Radntie
anti-parallel to top pinned nmagnetic |ayer 20, naxinmumresistance is

achi eved. Wpdurality ¢ re%gn‘eaf:rlaylmgﬂ@mlurallay@frtuwl|bgrraﬁr|l@1¢eﬁd aadmth&q@amlla)edr with
bott om pi nned. netic layer 12 and aligned parallel with top pinned

f er r omagnet ite gafgaéme%n arﬁphstmmua@slnabtsa @s4@16&@Hi%vfééﬁltlsﬁalbo¢fﬁ<tlawﬁeﬁa
barrier 14 is ﬁ b%ed as b a rev rse tunR barrlgi such that the
magnet i €9t ufp&N° ‘f 'Pré‘f?“i’i‘gs ?’B‘é‘its‘t"é{ B ROV MRAENSIrEIStaice gned
magnetic el ectrodes and a m ni nrum reS| stance (R) for anti-parallel aligned
magnetic 2 3%%&-ectrodes. This type of structure provides for a higher
magnet oresi stance ratio (MR or stronger signal, and |l ess voltage
dependence. Typically the MR% decreases as the bias voltage increases.
Accordingly, by including dual tunnel barrier layers, 16 and 18, each w |
see one-half of the bias voltage, thus reducing the rate of drop in M% as
the bias voltage increases. | Briédteidrfion@ntne hRWindsd) targets axe 2 5
needed, and no exact overlay is required. During operation, any topol ogical
positivescoupling of the free magnetic |layer 16 frombottom and top are
cancel ed. This type 25 NOV 2002 8 of structure is designed for MRAM
appl i cations. Durlilfs§. operad i dnilbfstrategriet crosebentionel Mewsradnst iand| agend 12
and 20 wll point and lock into an anti-parallel orientation due to
magnetic f| @mbadssente oing magnstiedelpmgnietith @neingroveds magnglorssistiaice sidip| er

di nensi on nenory. cells for hjgh densi MRAM Magnetic | ayer 16 renai ns
accor%i/mg to the present }ngvent(ljon anéy g 4

FIGS. 3 and 4 illustrate in cross-sectional views, second and third
20 embodiments of a magnetic element with an improved magnetoresistance ratio

according to the present invention.

Detailed Description of the Preferred Embodiments

25
During the course of this description, like numbers are used to identify like

elements according to the different figures that illustrate the invention. FIGs. 1 and 2



-5 free to switch directions, for use in nenory devices, such as MRAM

applications. Alternatively, in a larger dinension MRAM cell, pinning from
~an antiferromagnetic |ayer can be used to pin the bottom 12 and top 20
magnetic layers. Illustrated in FIG 2, is an alternative egbwoVnems2 of a

fully patterned magnetic 1 o el enent str%cture, referenced 10", typical for
use in read head and magneti c sensor applications. It should be noted that

al | Cormonerlggst e tinecraésts%u@rré?%\v@gt fith3ndaldRofd I@rﬂb%rdirﬁ&tcﬁgeoﬁ‘ﬁgﬁéicoI

t he second enbodi nent, are designated wth simlar nunbers, ing a prinme

added to indiGRER dcbGdfiglth %{eeﬁ}tiese%ﬂh%hﬁ@ﬂtmﬁ PArtidiladl il1BRratdd MOt1E. 9, is

described with regard to FIG this structure includes a bottom pihned 15
magneti c | ayefirsl Zmbodinkai 0@ @ fullf Patteldod mheli@¥Rmedd 10, MigRec RGNt 10

| ayer 16', a top tunnel barrier layer 18, and a top pinned nagnetic |ayer
20" . Bot t omgniusnesllyniaghdtd £ bb@ye pinkdd mdgnetc HENEL,iaChbdt@yretunhbl barfier 9§

pi nned magnetic |ayer 20" include ferromagnetic |ayers. Bottom nagnetic

| ayer 125 i sl4f arfreedmagnedc diyief U6, tophraniid] darrieaysyer 28, antha alp pianédmapnketien a
nmetal lead 24'. Diffusion barrier layer 22' is typically 2 0 formed of

t ant al um ni tlayate2Q TBBYtomarioneal msgneatictlagert Ie freal magnabic llaytey 16fandetgpgtinmed
element 10'. Metal lead 24' is typically fornmed on sonme type of dielectric
mat eri al ( nonagiebagyer BOtinendeafrdrommgnptihlseerst Bettomayesnetie 12ygyd2gs formegind

20" are described as 2 5 pinned_ or fixed, in that their magnetic nonent is
prevent ed frasm didfusiondnrmiss layes 23 medehisdopnedon apistal depdnidy nePiffusiandyagrier

L
j 134, 17 21" i ,
ComL 5% AR, FulghodtSd B vifen et FEDRRELLY")

a free ferrqpp ﬁt(h8t§%¥rﬁg' Accordingly, the nagnetic nonent of free
ferromagnetic Tayer 1%1' is not fixed, or pinned, by exchange coupling or
magnet ostati c coupling through flux closure, and is 5 free to rotate in the
presence of an applied magnetic field. Free ferromagnetic |ayer 16
typically forned Bdttomh | 0MStopf pipRed Ferromagnedic tahersf ol laawl 70 ardridel@ibel Nis)
iron (Fe), and cobalt (Co). In contrast to the enbodi nent described in FIG
1, in this pAndddwr dixedrrodcharahdir nidgaetid emomemgngireventealy Fomlfotatich in the
perpendicularly aligned with respect to pinned ferromagnetic |ayers 12' and
20' . Pi mAed fresenosred st iapplicaly eragnet fizhld Bxtonzagmeti© lawserlizbdd asd [2vireg a

t hi ckness within a range of 5-5000. Free ferromagnetic Ia&er 16" is

descri bed adypiaglinépranee 9f alenssef anermsmagre i |thesfollomane: kel ANB elgemtFedi 4dusi on
barrier layer 26' is fornmped qQn an uppernost surf 21' of top pinned
magneti c | ay@Palb§Co) andeac ingludece sop Shrface aInhﬂ 2] 24 E3psvelipnd aboriam

di f fusi bar r I 26" .o 15 I n..thi tj.cul di bot t

Cunnel bar r8Her Ryt 3440 <19 osrsaiugly: AREERelin o8 B Ssgeet ¢4 T o
ticularl t I [ - | I

For mia of Y5 opRle MAZeobRglel), hEXHanpts rioni PR RIRAGe R Rt

or m . | I8 oried of

The 11720 demer Kea eaonPanct? thbH ek hiny B Hfaehetsts soudlid Brilely ©

as being a mMax@bsdreldiR is Frderto @btateS HCthe tfpddenté6f AR aPSiddCmhbgipmie! fidldnEhdeon
has a maxi mumresi stance (R) for anti-parallel aligned magnetic el ectrodes,

and a m ni nugiroeastianseer (1R)is femepabdldeat withipiied magett layes! ECindaiEsmd
Tunnel barrier layer 14" is described as being a reverse tunnel barrier, as

previously ddsaloybed onetdr Bofe sfetheefolloving:Ifickel (Ni)) imantfensdndt cotiatte(Co).
embodi ment of FIG 1, free ferromagnetic layer 16' is perpendicularly
al i gned wi t WPibogd femopiagnetit lamenselt?i and 2§ ere dcribedias bavipg rribitkneB5viNGy 22002
25  range of 5-5000A. Free ferromagnetic layer 16 is described as having a thickness
generally less than 500A. A second diffusion barrier layer 26 is formed on an

uppermost surface 21 of top pinned magnetic layer 20. A metal lead 28 is formed on



10 magnetic layer 20'. This type of structure provides for a higher

magnet oresi stance ratio (MR% or stronger signal, and | ess voltage
~dependence. Typically the MR% decreases as the bias voltage increases.
Simlar to the enbodinment of FIG 1, by including dual tunsehobapoper

| ayers, 16' and 18', each will see one-half of the bias 5 voltage, thus
reducing the rate of drop in MR% as the Bias voltage increases. In
addition, only four. (4) t ets, are nee , and no exact overlay is
required. Dﬁ?ﬁﬂ‘“Hﬂg$g%Vgﬁhg389b?%ﬁﬁpgﬁgg | positive coupling from bottom
and top are canceled. This type of structure is designed for read head and
magneti c sensor applications. During operation of magnetic el enment 10",

magnetic |ayers }g'thﬁggar%&lar\’\%ﬁd)od? LRt %9 9%81' Bﬁrgle} @ad/@f" lﬁrﬁEifoBﬁé@'oke'

orientation due to magnetic flux closure and reduced magnetic energy for
Ul di ) 3 ) _ , ) ‘

smal fer dl 410 @i%g 'aﬁ@%xg&?g(@)t. ! Mo;é‘}sgﬂr’t]lgﬁlggy{ chfﬁda'xrﬂsturfxfe?;%axtrﬁr !ié?}egltlg is

perpendi cularly to gnet | yers 1 thus is suita

use in read_head ,or. mgneti ield ors ,devi A ternatively, .in a
arger o medro HRH SERIer PrEAGT RO, ST 1Y oS orleGatiet PRI 85 be
used to pin the bottom 12' and 15 top 20" magnetic |ayers. Referring now to
FIG 3 11 1ygtabeld & SaTeld ibthyi AN ORArally iy e fihth RIBOMERNL Of 2
magnetic el e?rer%t{jﬁlgecc%rrogdllng cito t%’e&%?eg’e%% fan\l;,en%’%ngn. l\/bréJ partYcu ar{(y,
illustrated is_a magnetic elenent 30 including as a part thereof a

synt hetic ZfﬁL%ntiferronagnetic (SAF) structure (discussed presently).
Magnetic el enent 30 includes a bottom pinned nagnetic |ayer 32, a bottom
tunnel barrier layer 34, a SAF structure 36, a top tunnel barrier |ayer 38,
and a top pinned ol . i nne t.] - SAF
structure 36 andI?@%Qg%ﬁ%g@péﬁéﬂégfggﬁgiggh§o |n%ﬂgg%q?é%?8%§é%£??§mp yers.

Bot t om ygnet | f i i : [ I

whi ch | o e A ey A R LT A ShE Ol s P 1y
fornmed of t @&‘is@édéﬁﬂém tori 8 -fafAN) aligid RAgRtit BlebREddsNBd R ni St tdslsyared
magnetic el enment 30. Metal lead 44 is typically forned on sone type of

di el ectric (RRS5oNQardd2alighettahaphéilc hetrogésown) Mdset speaiframy.t oyhepi fieed
ferromagnetic layers 32 and 40 are described as pinned, or fixed, in that

t hei r magnetféroomagment laysr b eveligred farahal mothabatm pmnet endgnptie beac €2 ahd an
applied nagnetic field. Ferromagnetic |ayers 32 and 40 are t%picall formed
of all oys ofntperayel ipdpp poed maghefiq Wm%/}) mEXirEm resistancy is gahigred) ,\K%/aﬂa

cobalt (Co) .and each include a.tqop surface 33 and 41, respectively, and a
bot t om S¥ir f é@e?mora%ﬁalegg}ayt%éﬁ&%h%a' ?Ptl?ér%ﬁ\kwét rOREP T RINARS Magnetigdayes

bottom free nef.ic |a 46, and. a free netic |ayer 48 .f or ned

ant i paral | ofl 289 GleRPAgalel VARt Birief iror eelis FEar o 8im@Ghm gsingedia

pi nned ferr ti i fer ol r .40 rest
Gt are for AR A5t el 148 DR Bl BIIGA Gy Bl
magnetic la t; gﬂgﬁ Vi tyiReal |y
formed of a“?%;}lgé?m%?ﬁelt%e@g{lﬂeﬁﬂﬁ%ﬁ(%)a,e?ﬁ%? t he rié?%gl.%eA@ifggP g’?llgl Mg%n?gnment
bet ween freendpetesletirdRY ednd ARidRfnt fsistand€ (R £¥R dntiliaP4RD aBine@XRAB1REE
spacer |ayer 50 which induces antiferromagnetic coupling between bottom
free magnet ielectrodesr This aysk of stfuckee Prgvideéd dol ay Righd8 maghetobdstitegiae eratlo
magnet ostati ¢ coupling, or other neans. 2 0 Free ferronagnetic |ayers 46
and 48 and (MRYeH of estromgeg sienal; draly dass 3olagd dépeadencey pilyaichlly fthe &R %6f

al l oys of one or nore of the following: nickel (Ni), iron (Fe), and cobalt
(Co). Pi nnedeéreasenanthediiacviltage incré@esanfcandiagly, bzdnelidiag dasl thanel bgrréer

thi ckness within a range of 5-5000. Free ferromagnetic |layers 46 and 48 are
descri bed adaysmch6 hadilgge@htwmllcseﬁ@gghggr@rtbﬁ bigs [veBage, Haxs redwingathg aatgrod
diffusion 2 5 barrier layer 52 is formed on an uppernost surface 41 of top
pi nned magndfercin MR asothe bipgvaltagecingresses; sl adgitan.opnly fowr (idargsts ¥econd

diffusion barrjer |ayer 52. ) ..
25 neede%, anda Xo exact overlay is required. During operation, any topological positive

coupling of the free magnetic layer 16 from bottom and top are canceled. This type



25 NOV 2002 12 In this particular enbodi nent, bottomtunnel barrier |ayer
34 and top tunnel barrier |layer 38 are both forned of oxidized al um num
‘generally having the formula AlOX, where x<1.5. It is disclosed that in

t hi s enbodi nment, which includes SAF structure 36, bottom tgngel; bappi er

| ayer 34 and top tunnel barrier layer 38 are of the 5 sane type. Mre
particularly, bottomtunnel barrier | ayer8 34 and top tunnel barrier |ayer
38 are descrji begi AQ.: ﬁml ji I : t:[}aﬁ :
nmagneti c tun%fgﬁg?%%gtgoﬁg@gagﬂrmm mim 7 sfcgsi{t“g_{r?éeﬁ%%gsPﬁMgn i- pa?gﬁﬁecl

al i gned magnglien ) EChh AR PR o Thai T SRR ARE fodkRimd O BRI Bb L
al i gned magneti c el ectrodes. re specitically, wt ree ferromagnetic

layers 46 angi#@uRRRREItd %ha\gne@doﬂﬁﬁ%smeahd%@dmatrﬁégr{eﬁ@%n&gg,n@sbbaamfy&r 46

is anti-parallel to pinned nagnetic |layer 32 and top free magnetic 1ayer 48
i s anti - par aiphBler HindisidneHeBGNRL S Sorl IAYIRHerfsly MRXMILUNM o8&t Slaf6ICI defhains
achi eved. Wien bottom free magnetic layer 46 is parallel to pinned nmagnetic
| ayer 32sandfréeop §witch dagntiohs,Cok agelin Afenidiy pRVRES, &uch @s MRRAM appliciions.

| ayer 40, mninmumresistance is achieved. This magnetic el enent including a
SAF st ruct ur&ltgmatwetie Sn faolargeb dirhensiorc MRAMINcadl, pirnéng &om Ly patifefromapwstical

for the formation of tunnel barrier layers 34 and 38, and for a higher
magnet or esi slaygrcen bausal tp pRIAhedotton hayektop 2 madgnetnthybrsss vol t age
dependence. Typically the MR% decreases as the bias voltage increases.
Accordi ngly, by including dual tunnel barrier layers, 34 and 38, each wll
see one-half of the bias voltage, thus reducing the rate of drop in MR% as
the bias vol t age Blugratettingsl&es; 1s py pltergatsysesmbadgnent iy by prisginecamagesict i ve

i f bot t d t | ed. This t f, st ture i
dest gned f or ‘IRl SR e 1= Bl ithgdplr At o o et BagRtietensero,

magnetic | ayer n ill _point apd |lock inte.an-antirparall el
orientation a&8§°$§’“%ag‘n%%%‘c lfq rﬁ(ﬁeccl: Irabaé ﬁpec OTRane Sgéhgnfﬁrﬁg%rgk)?émgﬁle&lﬁglaﬁ‘eor

smal | er di ”Esrﬁ%%lﬁr'; 15 bhfiRRentYBIN d %ﬁéo?)ﬁe@ﬁlbég’mﬁﬂg. 4R ‘&Qi%nartmiﬂx fs[rfifart

rotate 2 5 so t to stay In one o e two co-l'Inear states to nmagnetic

| ayers 32 a%n%rs,%ﬁ%%g’ﬂ;&rﬂg alld BroSThiitaleUhe dfré R fodd®heis &SihdiaPRSTReY
devi ces, such as MRAM 5 NOV 2002 13 applications. Alternatively, in a

| ar ger di nengivetirdVdéddribed lwitdrépard g FIGMI afhigdRirhéard QithgRet Bottdhy Pinkedn be
used to pin the bottom 12' and top 20" magnetic layers. It should be

under st aed trhagnetit laysr 4Rt b dopainetinhyl Haatia ldyacldgsufree maghetd lager 19AR p
structure 36 that is formed between two tunnel barrier |layers 34 and 38 as
previ ously dusedl bemtgr layer &8't andreatop\rehnedireagnetib btyeoa0't ldatom pianed magheticer

34, or on a surface 39 of top tunnel barrier Ilayer 38. The inclusion of SAF
structure 36248t heediSomagnsticunaisr Har andertop dyeied3 magrgtie JaverudPemahider i er

| 38 | i bed with FIG 3. f f..di sc . 10
Ref of ring. ndlfiTOGREIRGE layers TGP Seeteiofeira) srPBRcLate ARIoT paF By

f h enbodjyrent .of ic_ e , di . :

nventi on. 142 St i BEREr Y ot REET 450 26mpBROREP BrPih dSteh 7 o e Wen
as il luskrat@ehld of!iEhtaftim %hﬁhﬁagmﬁ' Thd %%dsf_]ﬁl nb?t?e”ﬂ?e'}'ﬁﬁf %taghg&gﬁi L&ggfgéage 4 to

enbodi nent, ‘are designated wt 1ar ers, havin
i ndi cate thegdhddiaoentiabiest DB typlclit) Mm@ dhSorsd FHRL o GedesR hRgaMi t h
regard to FIG 3, this structure includes a magnetic ‘el enent 30" 1 ncluding
as a part thaosedbwa).synthetic antiferromagnetic (SAF) structure. Magnetic
el ement 30" includes a bottom pi nned magnetic |ayer 32', a bottom tunnel
barrier layer 34', a SAF structure 36', a top tunnel barrier layer 38, and
a top pinned

Bottom and top pinned ferromagnetic layers 12' and 20' are described as

25  pinned, or fixed, in that their magnetic moment is prevented from rotation in the
presence of an applied magnetic field. Ferromagnetic layers 12', 16' and 20' are

typically formed of alloys of one or more of the following: nickel (Ni), iron (Fe), and



-2 0 magnetic layer 40'. Bottom pi nned magnetic |ayer 32', SAF structure 36
and top pinned magnetic |ayer 40" include ferromagnetic |ayers. Bottom
_magnetic layer 32' is formed on a diffusion barrier layer 42' which is
formed on a netal lead 44'. Diffusion barrier layer 42' igstypiycabby forned
of tantalumnitride (TaN), and aids in the thermal stability of nmagnetic

el emrent 30. Metal lead 44' is typically formed on 2 5 some type of

di el ectric najgrl @J)) adaboéaaﬁ h&m@ez%tﬁﬁquga&f;d IZO%9'2@“?&82&¥Je§ngﬂ@§tbbﬁﬂljnayer S

32' and 40' are escr ‘pi nned,

their magnetdergDIPN| s laid RHEY ngé&ﬁ‘/efyr wgrneﬁ@tagem R Elﬁ%e REESH t1€fla>%9

appl i ed magnetic field. Ferfonagnetic | ayers are typically

formed of al AQ¥edinblyone Rfagh@icemBmeh8f t@klf@af\bng%neanky'ér (Niig not nsted(cFre)
and cobalt (Co) an each |ncI ude a top surface 3 respectively,

and a bott orpifsed @?Qxaﬁangé caiisling%or, mﬁgﬁﬂﬁﬁtic%‘%ﬁlmmgsﬂﬁo@élfﬂﬁi dloBurband is

i ncl udes a bottom ree magnetic |layer 46', and a top free magnetic |ayer
48' formed ofide foarotdid &l tHeopreskalbe of b)xeap;atud megieeiodietdll Ardeyfeabimgpedid layat i ve
to bottom pinned ferromagnetic |ayer 32' and top pinned ferronmagnetic |ayer
10 40'. Bot tkdmypiedlynfagnet ofallaygef ofé'or are b6 thef foHewimeg natke (Niqyieon d8), ar e
separ at ed by an exchange spacer layer 50', typically forned of a layer of
rut heni um ( Rud cobalt (o). |Ilneionmﬁtt|t&pd10mm®dlmbntglﬂmmedbetﬁl§eh fnrtbis peaigevdari ¢
layers 46' and 48' is achieved through an exchange spacer |ayer 50" which
i nduces ant i nelpadimeien ier derconpgrictig laxer vide s propenshsularbe aligapdetitt resppel to46'
and top free rra%'r;ﬂ%tl c layer 48', or fhrough 15 end ma19 (,f&yOStatl C coupl i ng,
or other mediane ér@métttwnlazﬁfétlﬂcarrda%rBmzted eFRInagmetio iayer hhagd 20" are

f t d.4 t. | I f
mor & of Lohe et }avmg?a(@rc ﬁﬁa%v%tt%%'rr%?&e&ff§-§h@ﬁgo%ate?tezreﬁfaggncﬁﬁiq"r
whin a e oresnbdte ARag 3Bk EnaRarRT iudBatiA0R, & st Bpace

described as,4 ﬁ%&ha@\dﬁn% ;&Q&l SF gﬁﬁt?s'i @Jnjfé(cel ASSf Hﬁ?}mﬁace agnétﬁzclgg’t op

di ffusion barrier yer 5 on an upper nost

pi nned magnefy CAlpagr1e4d28' 13°fo'iﬁ%te@bn|a%ﬁﬂ‘aé40f seSorldifTBsloR Baiies WyeAse. Of
second di ffusion barrier |ayer 52 5 1n this particular enbodi nent,
bottom tunnel barrier |ayer 34 and top tunnel barrier |ayer 38 are for med
of an oxidized alum num generally having the formula Al OX, where x<1.5. It
i s di schésed t hatlnithist parsiceab edibogdinient, Woteim itnraiel besieSARyer 125 iN@MNMRAOX 15
structure 36', bottomtunnel barrier layer 34" and top tunnel barrier |ayer
38" are of tth@tab!anéTa)w@é oxygee (Par Maralpartioplarkyg bosemttunmed batrzarrlayar 1daiser
34" and top tunnel barrier layer 38 are described as being normal tunnel
barrier | ayebanedbating haientrabformagieds TaOynnekre Lt SirTdasinaelntattieulayer

resi stance (R) for anti -paral l el aligned magnetic 5 el ectrodes, and a

m ni mum r esi stance (R for parallel aligned nagnetic el ect rodes Mor e

speci fi cal | y18' i formed efalpminugmegnesalls havype the faanuarfd 4 eWhers¥os il el y
opposed, when bottom free nmagnetic |layer 46' is rotated to be anti-parall el
to pinned nagnetic |ayer 32' and top free magnetic |layer 48 is rotated to
be anti-parallel to pinned nagnetic |ayer 40", maxi numresistance is

achi eve@0 When bod3itmlar fto ethe ningn@esccibed embodiment, top tunnel barrier layer 18' is

described as being a normal tunnel barrier, such that the magnetic tunnel junction has
a maximum resistance (R) for anti-parallel aligned magnetic electrodes, and a
minimum resistance (R) for parallel aligned magnetic electrodes. Tunnel barrier
layer 14' is described as being a reverse tunnel barrier, as previously described with
25  respect to FIG. 1. In contrast to the embodiment of FIG. 1, free ferromagnetic layer

16' is perpendicularly aligned with bottom pinned magnetic layer 12' and top pinned



|0 layer 46' is rotated to be parallel to pinned magnetic |ayer 32' and top
free magnetic layer 48 is rotated to be parallel to pinned magnetic |ayer
40', mininmumresistance is achieved. This type of structure provides the
“inclusion of the sane type of material for the formation of wownebobarrier
| ayers 34' and 38, and for a higher nmagnetoresistance ratio (MR% or
stronger signal, and | ess voltage dependefice. Typically the MR% 15
decreases as the bias voltage increases. Accordi i ncl udi nglﬁdual

et bar o maetidager S i baB of SHEHIAIPFHISt5a HLbRNF PEET I es
et oaces. TP Y R s FORES s Ao Bt Raltossserendrieto Uy AE AR ¢ o
Phgnet o cendareenns i baneORRe Inirenter Sl sr 15 el SR nE 50
or Vont at i on okt AR rhuttrel Bty BFAE 1S M A bR unte Ml nabEO Al bias

e pends cui arotnef oS gdang Mo bad B, 1 R84 a] BeAhiEs FoRliicHaes. In

regnet i ¢ {1 el ghiid s PEARYS) Dlladl BRACHEN LA FBAROBYdrby P 3BRUifddOMDng he

magnetic fie tects, and g this structuré suitable for use

in magnetic g@@g‘g&g@ﬁ ggf%/d@@al%gni%wa%mg £6RSHStom and Pop\e¥ 2A6Aed BTHiE

shoul d be un I's anticipated by this disclosure to include

SAF struct ur §p3&f stidrd is deSigARTfR R dtaNd rhagheet sbabr bpplidatiyey. sSDadhg and
38' as previously disclosed, or alternatively bel ow bottom tunnel barrier

| ayer 34', oppétiéh sfunmbgreeic 3R¥ment 10'pmapgnnicdhydisi 2'iaad 20ay Bl p@8t andThek into

i nclusion of SAF structure 36" 5 between bottomtunnel barrier |ayer 34
and t op tanneh aftipaiabel dréangatio8lueite nbesetié fad closule andgpdused MRREAPIE euergy or
ease of disclosure. Thus, a magnetic elenent with an inproved

magnet or esi sfansmatien jdimgpgion adeviesst i nlylagaetifodaydier fofremaing; diee od dratafe

whi ch the magnetoresistance ratio is 10 inpr Qvex}c(iie&%sed on ih? i ncl usi on of
dual tunnel Bepeadisulpry & nagngtiGiayersobend4flsa 7i1% 50 2Pk Ieussnigi 5684 t o
devi ces using patterned, netic el enent such .as. magneti ¢ _sensor

magnet i c recg?%ﬁ Wg@ﬂ%%@?%‘éﬁ%?fscdervé?%r %ﬁtﬁﬁlaﬁ%ﬂya{n %%rgff{e&me@?r_l MRAM
Accordingly, céslﬂchnﬁiHS tfrao?ncgg a%{i%rrlorr]r;[a%qgt?cdlagfgr Qaﬁl 50 M?erdetg &X thd'bSith 5o aRyr e

15  top 20’ magnetic layers.

Referring now to FIG. 3, illustrated in simplified sectional view is a third
embodiment of a magnetic element, according to the present invention. More
particularly, illustrated is a magnetic element 30 including as a part thereof a synthetic

20 antiferromagnetic (SAF) structure (discussed presently). Magnetic element 30
includes a bottom pinned magnetic layer 32, a bottom tunnel barrier layer 34, a SAF
structure 36, a top tunnel barrier layer 38, and a top pinned magnetic layer 40.
Bottom pinned magnetic layer 32, SAF structure 36 and top pinned magnetic layer 40
include ferromagnetic layers. Bottom magnetic layer 32 is formed on a diffusion

25  barrier layer 42 which is formed on a metal lead 44.  Diffusion barrier layer 42 is
typically formed of tantalum nitride (TaN), and aids in the thermal stability of

magnetic element 30. Metal lead 44 is typically formed on some type of dielectric



25 NOV 2002 17 What is clained is: 1. A nagnetic elenent conprising: a
bott om pi nned ferronmagnetic |ayer having a top surface and a bottom surface
~whose magnetization is fixed in a preferred direction in the presence of an
applied magnetic field; a top pinned ferromagnetic |ayer bavigg agbop
surface and a bottom surface whose nmagneti zation is pinned in a preferred
direction in the presence of an applied hhgnetic field, the bottom pinned
ferromagnetic |ayer and the top pinned ferromagnetic |ayer fabricated
antiparalIeﬂnFSHéﬁBOEﬁ@FW'r; and a bottomtunnel barrier layer, a free
ferromagnetic |layer and a top tunnel barrier |ayer forned between the
bottom pi nned ferromagnetic |ayer and the top pinned ferromagnetic | ayer,
wherein the top t rrier. i 78y f i magnetic
Funnel i unct i on HEy B8 Rr hiond SerbiafRRTsy W M 4] AR RG0S
magnetic el eg d 1 i ' e | etic
9 iﬁgﬂe% &% B, th M tg}{méﬁaa%?xleﬁé %Fkﬁﬁayeﬁ;tqlé sp‘?@\ﬁeﬂle'd frofd h%lﬁ@\ ﬂﬁgﬁ{é

el ectrodes the bottom tunn Ier e reverse there ving a

magnet i st unpgdentd!BE hih ‘ABpllT@WnB@ne%icW&”WHJnﬁ‘%n%ﬁ@ rd 97 aRP4dlk&lypaddigned

magnetic el ectrodes and a m nihumresistance tor anti-parallel ndgnetic

el ectrodes. f3rmé& FRENGs 6F GleCombreast b FbNBRingh nfckal miﬁ, e () Naddgotfattee
ferromagnetic |ayers and the top pinned ferromagnetic |ayer and the bottom

pi nned ferr qdayasd eachl iaykide iancp saigacat3dl st osspectivelN, ad aNbdt@EosurERES,1 or
Co. 25 NOV 2002 18 3. A nmagnetic elenment as clainmed in claim2 wherein

t he free ferandd&grespéctivelyyer is forned as a single |layer separating the
bottom tunnel barrier and the top tunnel barrier |ayer, the free
ferromagnetic | ayer having its magneti zation free to rotate in the presence
of an applied magnetic field. 4. A magnetic elenent as clained in claim3
wher ei n1Phe top tuHhéirugidre p@angladesra pattomrfee megneticOayedos ard Bdep drae

tunnel barrier layer is fornmed of TaQy. 5. A magngtic, el ement as clainmed in
claim4 wherBagnettayer 48 formed antiparallel to each other, and co-linearly aligned relative to

bottom pinned ferromagnetic layer 32 and top pinned ferromagnetic layer 40 at rest
state for this embodiment. Bottom free magnetic layer 46 and top free magnetic layer
48 are separated by an exchange spacer layer 50, typically formed of a layer of
15  ruthenium (Ru), or the like. Antiparallel alignment between free magnetic layers 46
and 48 is achieved through an exchange spacer layer 50 which induces
antiferromagnetic coupling between bottom free magnetic layer 46 and top free

magnetic layer 48, or through end magnetostatic coupling, or other means.

20 Free ferromagnetic layers 46 and 48 and pinned ferromagnetic layer 32 and 40
are typically formed of alloys of one or more of the following: nickel (Ni), iron (Fe),
and cobalt (Co). Pinned ferromagnetic layers 32 and 40 are described as having a
thickness within a range of 5-5000A. Free ferromagnetic layers 46 and 48 are
described as each having a thickness generally less than 500A. A second diffusion
25  barrier layer 52 is formed on an uppermost surface 41 of top pinned magnetic layer

40. A metal lead 54 is formed on a surface of second diffusion barrier layer 52.



- ferromagnetic layer is aligned co-linearly with the bottom pinned
ferromagnetic |ayer and the top pinned ferromagnetic |ayer. 6. A nmagnetic
elenent as clainmed in claim4 wherein the free ferromagnetic |ayer is
“aligned perpendicularly with the bottom pi nned ferronagnetiscybaygpoand t he
top pinned ferromagnetic layer. 7. A magnetic elenment as clained in claim?2
wherein the free ferromagnetic layer is{rned as a synthetic
antiferromagneti

SAF) structure.for one of , se ting,the . hotto
Clnnel barror | Sy U ghplt Shifodimetiorouy Syl BERRF Mefide i o8 W
surface of . i . -ad] e of
the top tunbarbibErTs A Lol MEho Ay Rth R 1RO T AL
claimed in glaim7 wherein.the synthetic.antiferron eti.c ,structur
‘el udes a A0St MPPBecT et r dhigABEIRSe BArn dhis SPRBRGRE: PHEE fis et | o
| ayer, separated by a spacer |ayer including antiferronmagnetic exchange
coupl i ng, t hevaing Ifebbromdgunrted baaier dayendthand .to® tunachbagriet layere} earemf ths
claimed in claim8 wherein the bottomtunnel barrier |ayer and the top
tunnel Bar r same ltypeer Mareparoewady obottome tamelrhayien fayar 8t .and gop munmgh hariet
element as clained in claim9 wherein the first free ferromagnetic |ayer

and the secygr P aee fescribeshahbeing nogpal tuapel barfiglayersosychribalr thy magnehe
i rromagnetic . | ayer.

first pinned ferromagnetic |ayer and the second pi nned
11, A hagnefinackiGDRE 1A % mAkBam Festsranen &S e Rfralel AREE Fragactic
Ferromagnet L | ¥er o209 hilem3SC AlebER] 30 SB00Chihed WihneAl G1dlbgned
More specifically, with free ferromagnetic layers 46 and 48 oppositely opposed, when
10 bottom free magnetic layer 46 is anti-parallel to pinned magnetic layer 32 and top free
magnetic layer 48 is anti-parallel to pinned magnetic layer 40, maximum resistance is
achieved. When bottom free magnetic layer 46 is parallel to pinned magnetic layer 32
and top free magnetic layer 48 is parallel to pinned magnetic layer 40, minimum
resistance is achieved. This magnetic element including a SAF structure provides for
15 the inclusion of the same type of material for the formation of tunnel barrier layers 34
and 38, and for a higher magnetoresistance ratio (MR%) or stronger signal, and less
voltage dependence. Typically the MR% decreases as the bias voltage increases.
Accordingly, by including dual tunnel barrier layers, 34 and 38, each will see one-half
of the bias voltage, thus reducing the rate of drop in MR% as the bias voltage
20 increases. During operation, any topological positive coupling from bottom and top
are canceled. This type of structure is designed for MRAM applications. During
operation of magnetic element 30, magnetic layers 32 and 40 will point and lock into
an anti-parallel orientation due to magnetic flux closure and reduced magnetic energy
for smaller dimension devices. Magnetic layers 46 and 48 will remain free to rotate

25  so that to stay in one of the two co-linear states to magnetic layers 32 and 40, thus

making this structure suitable for use in memory devices, such as MRAM



perpendicularly to the top pinned ferromagnetic |ayer and the bottom pi nned
ferromagnetic layer. 12. A magnetic el enment conprising: a bottom pinned
~ferromagnetic |layer having a top surface and a bottom surface whose

magneti zation is fixed in a preferred direction in the presSence »§0an
applied magnetic field, 25 NOV 2002 20 a bottomtunnel barrier |ayer
formed on the top surface of the bottomysi nned ferromagnetic |layer; a free
ferromagnetic la

rer f d . . '
ayer, the PRk HGES otV EDY d) of D RSB O Tt o AEoBOof
sur . tizat,i LS, | . i . i
A e R R R N R U e

free ferromagnetic layer, wherein the top tunnel barrier is normal thereby
form ng a magnetic tunnel junction having a maxi num resistance for

anti-paral l el al ‘Iﬂsrh%ﬁlcf%’egﬁ‘rgfe}s‘%oo‘%i i f ?Qﬁﬁicﬂselx@ebdabmhﬁg T ERE 1S IRNGR JAF

paral l el aligned magnetic ectrodes and t ottom tunnel barrier layer is

reverse ¢ heghyuadg g R PRIQEDdFedH NS unhBNEHi@Naf\aY BAGnG T8I gRevTbusly

resi stance %or paral l el aligned nmagnetic el ectrodes and a m ni mum

resi stance HpcloRéd,ior RREmaiedly BRIGREbdtfon® hemel BALS: lagaB3 A or 0B aniurfacel 39 of
ferromagnetic |ayer forned on the top surface of the top tunnel barrier

| ayer, the t@ptuphélreeridraiyed 380Makiinclidye of BAVI sngcmrad betwezabowomttinatel i s
fixed in a preferred direction in the presence of an applied nmagnetic
field, wher ébyier heyef Béend exprtaned etrier liyey 88 is desatibghedhoespedftoddGl Bfear | y
wth the ease of disclosure.
10
Referring now to FIG. 4, illustrated in simplified sectional view is a fourth
embodiment of a magnetic element, according to the present invention. It should be
noted that all components of the third embodiment as illustrated in FIG. 3, that are
similar to components of the fourth embodiment, are designated with similar
15  numbers, having a prime added to indicate the different embodiment. Similar to the
structure described with regard to FIG. 3, this structure includes a magnetic element
30" including as a part thereof a synthetic antiferromagnetic (SAF) structure.
Magnetic element 30' includes a bottom pinned magnetic layer 32', a bottom tunnel
barrier layer 34', a SAF structure 36', a top tunnel barrier layer 38, and a top pinned
20 magnetic layer 40'. Bottom pinned magnetic layer 32, SAF structure 36' and top
pinned magnetic layer 40" include ferromagnetic layers. Bottom magnetic layer 32' is
formed on a diffusion barrier layer 42' which is formed on a metal lead 44"
Diffusion barrier layer 42' is typically formed of tantalum nitride (TaN), and aids in

the thermal stability of magnetic element 30. Metal lead 44' is typically formed on

25  some type of dielectric material (not shown).

Bottom and top pinned ferromagnetic layers 32' and 40' are described as



bottom pi nned ferromagnetic |ayer and the top pinned ferromagnetic |ayer or
aligned perpendicularly with the bottom pinned ferromagnetic |ayer and the
“top pinned ferromagnetic |ayer. 13. A magnetic el ement conprising: 25 NOV
2002 21 a bottom pinned ferromagnetic | ayer having a top serfiace2@zl a
bott om surface whose magnetization is fixed in a preferred direction in the
presence of an applied magnetic field; a%op pinned ferromagnetic |ayer

havi t op. f d. b i ' I ' '
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14. A netho abricating a magnetic el enent” conprising the steps of:

form ng bt a8 ngggb@iqep‘ygrronagnet ic layer whose magnetization is pinned
in a preferred direction’in the presence of an applied magnetic field, the

bottom pi nned ferromagnetic |ayer having a top surface, a bottom surface
and a

SAF structure 36' includes a bottom free magnetic layer 46', and a top free
magnetic layer 48' formed antiparallel to each other and perpendicularly aligned
relative to bottom pinned ferromagnetic layer 32' and top pinned ferromagnetic layer

10  40'. Bottom free magnetic layer 46' and top free magnetic layer 48' are separated by
an exchange spacer layer 50', typically formed of a layer of ruthenium (Ru) or the
like. Antiparallel alignment between free magnetic layers 46’ and 48’ is achieved
through an exchange spacer layer 50° which induces antiferromagnetic coupling
between bottom free magnetic layer 46’ and top free magnetic layer 48, or through

15 end magnetostatic coupling, or other means.

Free ferromagnetic layers 46' and 48' and pinned ferromagnetic layer 32" and

40" are typically formed of alloys of one or more of the following: nickel (Ni), iron

(Fe), and cobalt (Co). Pinned ferromagnetic layers 32' and 40’ are described as having

20 a thickness within a range of 5-5000A. Free ferromagnetic layers 46' and 48' are
described as each having a thickness generally less than 500A. A second diffusion
barrier layer 52' is formed on an uppermost surface 41' of top pinned magnetic layer

40'. A metal lead 54' is formed on a surface of second diffusion barrier layer 52'.

25 In this particular embodiment, bottom tunnel barrier layer 34' and top tunnel

barrier layer 38" are formed of an oxidized aluminum, generally having the formula

AlO,, where x<1.5. It is disclosed that in this embodiment, which includes SAF



t hi ckness; formng a top pinned ferromagnetic |ayer having a top surface
and a bottom surface whose magnetization is pinned in a preferred direction
in the presence of an applied magnetic field, the bottom pi nned
ferromagnetic | ayer and the top pinned ferromagnetic |ayensfabti gaped
antiparallel to one another; and 25 NOV 2002 22 form ng a bottom tunnel
barrier layer, a free ferromagnetic |aye¥>and a top tunnel barrier |ayer
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I'ca] ca] cal C(’ﬂl Iﬁg }s rotated to be parallel to pinned magnetic layer 40', minimum resistance is

achieved. This type of structure provides the inclusion of the same type of material for

the formation of tunnel barrier layers 34' and 38', and for a higher magnetoresistance

ratio (MR%) or stronger signal, and less voltage dependence. Typically the MR%

15  decreases as the bias voltage increases. Accordingly, by including dual tunnel barrier

layers, 34' and 38', each will see one-half of the bias voltage, thus reducing the rate of

drop in MR% as the bias voltage increases. During operation, any topological

positive coupling from bottom and top are canceled. This type of structure is

designed for read head and magnetic sensor applications. During operation of

20 magnetic element 30', magnetic layers 32' and 40' will point and lock into an anti-

parallel orientation due to magnetic flux closure and reduced magnetic energy.

Magnetic layers 46' and 48' will remain free to rotate around the perpendicular

direction to magnetic layers 32' and 40' when they detect a magnetic field, thus

producing linear voltage change in proportion to the magnetic field it detects, and

25  making this structure suitable for use in magnetic read head devices and magnetic

Sensors.
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previously disclosed, or alternatively below bottom tunnel barrier layer 34°, or on a
surface 39’ of top tunnel barrier layer 38’. The inclusion of SAF structure 36’

5  between bottom tunnel barrier layer 34’ and top tunnel barrier layer 38’ is described

with respect to FIG. 4, for ease of disclosure.

Thus, a magnetic element with an improved magnetoresistance ratio and

fabricating method thereof is disclosed in which the magnetoresistance ratio is

10 improved based on the inclusion of dual tunnel barrier layers. As disclosed, this
technique can be applied to devices using patterned magnetic elements, such as
magnetic sensors, magnetic recording heads, magnetic recording media, or the like.

Accordingly, such instances are intended to be covered by this disclosure
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1. A magnetic element comprising:

a bottom pinned ferromagnetic layer having a top surface and a bottom
surface whose magnetization is fixed in a preferred direction in the presence of
an applied magnetic field;

a top pinned ferromagnetic layer having a top surface and a bottom
surface whose magnetization is pinned in a preferred direction in the presence of
an applied magnetic field, the bottom pinned ferromagnetic layer and the top
pinned ferromagnetic layer fabricated antiparallel to one another; and

a bottom tunnel barrier layer, a free ferromagnetic layer and a top tunnel
barrier layer formed between the bottom pinned ferromagnetic layer and the top
pinned ferromagnetic layer, wherein the top tunnel barrier layer is normal thereby
forming a magnetic tunnel junction having a maximum resistance for anti-parallel
aligned magnetic electrodes and a minimum resistance for parallel aligned
magnetic electrodes and the bottom tunnel barrier layer is reverse thereby having
a magnetic tunnel junction having a maximum resistance for parallel aligned
magnetic electrodes and a minimum resistance for anti-parallel magnetic

electrodes.

2. A magnetic element as claimed in claim 1 wherein the free
ferromagnetic layers and the top pinned ferromagnetic layer and the bottom

pinned ferromagnetic layer include at least one of NiFe, NiFeCo, CoFe, or Co.
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4. A magnetic element as claimed in claim 3 wherein the top tunnel
barrier layer is formed of AlO, and the bottom tunnel barrier layer is formed of

TaOy.

5. A magnetic element as claimed in claim 4 wherein the free
ferromagnetic layer is aligned co-linearly with the bottom pinned ferromagnetic

layer and the top pinned ferromagnetic layer.

6. A magnetic element as claimed in claim 4 wherein the free
ferromagnetic layer is aligned perpendicularly with the bottom pinned

ferromagnetic layer and the top pinned ferromagnetic layer.

7. A magnetic element as claimed in claim 2 wherein the free
ferromagnetic layer is formed as a synthetic antiferromagnetic (SAF) structure
formed one of separating the bottom tunnel barrier layer and the top tunnel
barrier layer, adjacent a top surface of the bottom tunnel barrier layer or adjacent

a bottom surface of the top tunnel barrier layer.
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free ferromagnetic layer, separated by a spacer layer including antiferromagnetic

exchange coupling, thereby defining the SAF structure.

9. A magnetic element as claimed in claim 8 wherein the bottom tunnel

barrier layer and the top tunnel barrier layer are formed of one of TaOy or AlO,.

10. A magnetic element as claimed in claim 9 wherein the first free
ferromagnetic layer and the second free ferromagnetic layer are aligned co-
linearly to the first pinned ferromagnetic layer and the second pinned

ferromagnetic layer.

11. A magnetic element as claimed in claim 9 wherein the first free
ferromagnetic layer and the second free ferromagnetic layer are aligned
perpendicularly to the top pinned ferromagnetic layer and the bottom pinned

ferromagnetic layer.

12. A magnetic element comprising:
a bottom pinned ferromagnetic layer having a top surface and a bottom
surface whose magnetization is fixed in a preferred direction in the presence of

an applied magnetic field;
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a free ferromagnetic layer formed on a top surface of the bottom tunnel
barrier layer, the free ferromagnetic layer having a top surface and a bottom
surface whose magnetization is free to rotate in the presence of an applied
magnetic field;

a top tunnel barrier layer formed on the top surface of the free
ferromagnetic layer, wherein the top tunnel barrier is normal thereby forming a
magnetic tunnel junction having a maximum resistance for anti-parallel aligned
magnetic electrodes and a minimum resistance for parallel aligned magnetic
electrodes and the bottom tunnel barrier layer is reverse thereby having a
magnetic tunnel junction having a maximum resistance for parallel aligned
magnetic electrodes and a minimum resistance for anti-parallel magnetic
electrodes; and

a top pinned ferromagnetic layer formed on the top surface of the top
tunnel barrier layer, the top pinned ferromagnetic layer having a magnetization
that is fixed in a preferred direction in the presence of an applied magnetic field,

whereby the free ferromagnetic layer is aligned one of co-linearly with the
bottom pinned ferromagnetic layer and the top pinned ferromagnetic layer or

aligned perpendicularly with the bottom pinned ferromagnetic layer and the top

pinned ferromagnetic layer.

13. A magnetic element comprising:
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an applied magnetic field;

a top pinned ferromagnetic layer having a top surface and a bottom
surface whose magnetization is pinned in a preferred direction in the presence of
an applied magnetic field, the bottom pinned ferromagnetic layer and the top
pinned ferromagnetic layer fabricated antiparaliel to one another; and

a bottom tunnel barrier layer, a synthetic antiferromagnetic (SAF) structure
including a free ferromagnetic layer and a top tunnel barrier layer formed

between the bottom pinned ferromagnetic layer and the top pinned ferromagnetic

layer.

14. A method of fabricating a magnetic element comprising the steps of:

forming a bottom pinned ferromagnetic layer whose magnetization is
pinned in a preferred direction in the presence of an applied magnetic field, the
bottom pinned ferromagnetic layer having a top surface, a bottom surface and a
thickness;

forming a top pinned ferromagnetic layer having a top surface and a
bottom surface whose magnetization is pinned in a preferred direction in the
presence of an applied magnetic field, the bottom pinned ferromagnetic layer and

the top pinned ferromagnetic layer fabricated antiparallel to one another; and
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pinned ferromagnetic layer.



