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VARl ATI ON. REFERENCE TQ PRI OR APPLI CATI ON" Thi s ‘appli.cati on-

~has been fil'ed in the United States. of Anerlca as patent
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- oseni conductor menory devices and, nore particularly, "

15 t-he switchi n@WﬁZﬁfﬂH@FﬂtﬁyéPdﬁTﬂﬁNarray of

- mul'ti-layer magnetic. “menory.cells. BACKGROUND OF THE _
.~ INVENTION I n the past,..a varlety of magnetic rraterlals
~.and structures have been utilized to form . :
magnet oresi stive ﬁg Ai? hirfyFemory -
el ement s, .read/ \/\rrf’ﬁig-ﬁh]li ’]: Rg91gk L?Ev:esfband other

~magnetic: type appl-i cations, Resistance. changes- due to-
o .relative 20 changes in the magnetic states .of constituent’
MRghet dpplicioh 0BS bawnttNedinttheTaital Sans of Ameriah hoyutent appllcatton th

information to be stored, in the case . of nenories, or

numbetaw/64&a4&ﬁ@eeeet%‘t 200%d heads. Menori-es nade of

. magnetoresistive materical, such as Magnetic Random Access o

o _I\/lemary (here| nafter referred to as MRAM has. the
- potential to overcone. son the :shortcomngs = -
- ‘associated withi nﬁ%&@m N; n:-product.i on-today.
- Dynanic. 25 RandomAccess: Menory (DRAI\/D ~Static Random
~Access. I\/enDry (SRAM, and Flash are the three doni nant .
'types of menories currently in use. Each-of these nenory

- devhaAventibh 20054 AR5 B RETHUSIA0Y RIRESAIERE: piticularly, to

el ectronic charge to store i-nf or mat i-on ‘and each has its

B the s%hﬁt% %Qrta@tgﬁ Sicd rc]:g an array of multl-layer magnettc memory cells '

" BACKGROUND OF THE INVENTION -

In the past a vanety of magnettc matertals and structures have been ut111zed to .

T form magnetoreststtve matenals for non—volatlle memory elements read/ wrrte heads for :
v d1sk dnves. and other maglretrc type apphcattons Resrstance chahges due to relautfe |
changes in the magnettc states of constttuent maghetrc recaons w1thm these structures 3  R
SN allow 1nformatton to be stored, in the case of memones, or read in the case of read heads . |
o Memones made of magnetoresrstlve matenal such as Magnetlc Random Access Memo.ry .
o ‘_,_(herernafter referrect to as MRAM) has the potenttal to overcome some of the - |
B : shortcormngs assocrated w1th1n memorres cutrently in produchon today Dynannc '_ '
VRandom Access Memory (DRAM) Stattc Random Access Memory (SRAM) and Flash

o are the three dormnant types of memories currently in use. Each of these memory dev1ces- L
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" vol atlle and requires large. cell ‘area. DRAM has
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i'n use today. FLASH uses charge trapped in a floating

- cell ererdBRAMYbaS high densityebitrit i nisatvobtile D aevarek & refeesh BE AGH.

~.include high voltage requirenments and slow program and

- storBJeRBFacitolNBrery AhiSRillifdeOntd. rleﬁmreg uiftdgen@ineRAkes Whd émplexity of -

: endurance of.104. 106 cycl es before menmory failure.. In. -
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“ - threshold that allows electron tunnelin
- FLASH wyep eparpgytrnpadin 3 floating eigda leastaestowt%ma%oa HRrawbacks ©

potential.- to have the speed perfornmance si-nilar to DRAM

 FLASH fmolutle highevoftegziefiremetts exslsjowhprograomprdvast tiaemiAlyo,

per for mance over -SRAM wit hout the “volatility, “and have -
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nment 1-onéd -above magnet.oresistive -devi ces-and MRAM i n:
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netic |ayers in the rraterlal st ack, -
-abo ¢ Buesheldhipeti dllows clepfor tungeling, %tesmesé%éﬁatﬁa"gm f8on -
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direction is fixed, the fixed |l ayer, and a magnetic

‘_ ' ﬁenaamm hes the pe@nudye havethe slmedngtﬁ@maneﬂ sipwlacifor RBAMwitheut -

free to switch between two or nore-stable dlrectlons

- the SRAEAEREHONAR iTRAFRA bRV Pe@bmRcOSTH SRAM Wit dubthe -

magnetore3|st ance) or 20 conductor- (G ant .
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the intérsection of a crossp |nt of .
- peSERAItonshrbaye masﬁeowﬁssse emeselc} Wﬁ%@&ﬂ%{ﬂw B

“contact with the.element. Their purpose is mai nly to =

resigtaroe chimgehesuiting Sbimcchiingds ds thebyaghelidatign directioms op eenstigrent

along their :length, to switch the magnetization
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o ; free layer, whose magnetrzatlon d1rect10n is free to sw1tch between two or more stable

absence of these fiel he magneti zation ‘direction

dlrectrons separated by a spacer layer of an oxrde (T unnehn g magnetoresrstance) or.-

: '_conductor (Glant magnetoreszstance) Typrcal MRAM archrtectures 1nv01ve laylng out the

B 1nd1v1dua1 magnetores1st1ve elements at the rntersectron of a crcsspomt ef mutually .

: perpendrcular current lines. These lrnes need not be in contact w1th the element Then' .
| .. purpose is malnly to provrde the magnetrc frelds by hang current passed along therr |
ength to swrtch the magnetxzatron dlrectron of the free layer W1th1n the eIement In the R

. absence of these frelds the magnetrzatron d1rect1on of the free layer is stable Thrs isthe
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%0@@@@@2‘5@3 by whi ch i nformation is wi tten to th@Tfﬁﬁ'ﬁ’ﬁf@hSﬂ .
“Readi ng informationis -typically. acconplished by 5
passi ng -a small current. through the el ement.and corrparl ng

" protddere byewtiish mfieendiion & wftar @rthemensts tReadng iFormbtie is

successful ~operation-of ‘an. MRAM devi ce, it is required
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array of el enents be veryuniform . "This is related to
oi nt. ﬁn%pltecture nenti oned above. The 7
%rOV|de enough current  to produce
apprOX|nater hal f of the nagnetlc field required for the_

1 eBon thg ayccessivd operption of 2 dpvige, ita requitpé tl@mec,rvﬁgﬁ@“
field. Magnetic. state is defined here as a stable '

B 'behammatheﬁeeraymb of Amgne! dTaldnicoms lefvetneniforae Thiyisrela®hieo theo

~half fields conbine at:the point.  of intersection of 1 4. -

B _erogsgam &UiteShke Jn'eﬂﬁ?neﬁ B0 ViHGuRBAUGRs édcﬁlpgmh&?étﬁmﬁﬁ ctlaalt

e.elenents’ -free | ayer. magnetl c - state 'wl change
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i'n the magnetic behavior or the svmtchlng field-for th

o statewiscaljalighe piiehing fieldstagnatic st istnadierna 4 stapledgsction 0 thﬂ

produced do not inadvertently. cause an unwanted bit to'-

B maggietitation iof theteatlayeanThe ivo kudithidldsormmtitdr thdpointef ihiatseetion of o

fields conbine to. switch 15 all the bits in the array.
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current appl ‘car ion, therefore, to providé neans of -

~and further and nore specific objects and advanta es of

| Swrrh@gnfwkt akhe unifpEmity Brthamapnatis bshavionaidhs ywithpng el ferghe S

those 'skilled in the art fromthe follow ng detailed

" amaglesbitd iskisentiatlso ahaptief ladf fddsqixitt o ot inbivesohily edosmi n -

conjunction with the follow.ng draw ngs: 25

R unwanted blt to- sw1tch its. state and in addltton that the two half ﬁelds combme to sw1tch '

: _followmg drawmgs: o |

| 'all the b1ts in the alray

It would be hlghly advantageous and is the tntentton of the current apphcatton,

- therefore to prov1de means of decreasmg the vanatlon 111 the smtchmg fleld b1t to blt

* BRIEF DESCRIPTION OF THE DRAWINGS

The foregomg aud further and more spemﬁc Ob_]CCtS and advantaoes of the mstant

L mventlon wdi become read11y apparent o those skllled in the art from the followmg

o detaﬂed descnptton of a preferred embochment thereof taken m con}unctlon w1th the .
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Si rrplrfr ed 'side view of a multi-1ayer nagnetic -nenory
“cell, “in accordance. with the preferred enbodj ment of

~t ndTBr ki enlargechseiified side Vievaok mERklayY TAGEUBROBOTIEE.
. relative variation of a magnetic intrinsic i anisotropy . . -~ -
in averdamse withhhe prefesed efnbadisenybithb ptekemimndestion;ron cobal t

(NiFeCo) layer; Fig. 3-itlustrates:-the relative. E
vargigt 5 aflachbd i e aph Bﬂhé Ratfvelada@in cﬁ%tﬁlﬁ‘érﬁﬁéjlﬂﬁhﬁs‘@c verses

~a thi-ckness of a single patterned nickel iron: cobalt

N 3 %ﬁla%rt%es%ﬁsrte s st el Bon oG delre o

%etlc ani sotropy. and a relative magnetic. ani sqtrop
i

&t3 lgﬁstfﬁteséhﬁ'ﬁéﬂ@[eﬂ@ﬂﬁtwgﬁ -the %tthr@_ f1@d P%Paéteg}eg F]j)H:S 8 FIS%? | :. o

reI ative magnetic. anjsotropy variation .of the: rmgnetr c

o -_ a thickhess 08 A singlel mttemed yickéll ivmmtoobaleNiFeCE) 16yerd ver sus

thickness of ‘a magnetic layer; and -FIG 6 is a graph of

Lo rrsbat Fsva'.emﬁl LiEehiiRg df%fﬂ: @@mefno Il'tﬁ@&‘%téx‘f)eﬁﬁﬂﬂthﬁ’y

cell lustrated in Fl G ec rati1 os of tvvo an'd
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now to ‘FI G 1, ‘which |IIustrates a si npllfred sectlonal

= layey,, ew of a scal abl e magnetoresistive tunnel.ing-j unct r_on

. rrermry cell. 10 in-accordance with the present 2G .
i NRGLS B ngpteo&a:mﬂzmbb enagnetigreaisotrepy sdriation bfitheehdgngtic. |
junction nenory cell 10 includes a supporting substrate :

. "tntrﬁaﬁc aﬁﬁb@oﬁ@]liﬁﬁra@ecﬁﬁ@(}l @il@rﬁus]tﬂlcla?es@ 84 iﬂa@ﬂéﬁé Ia}%f'f%ﬁl@rﬁ ' _ng

-substrate”12 - may e, exarrpl e, -a sem conductor

B A e

supporting substrate 12 to aid'in the formation. and
illus %d

an F8p Jotor ﬁﬁ@“ﬂ@ﬁﬁ‘—‘r @ttwg anﬁtlesqusrusmfesmatommwﬂsﬁt Pf

materlal stack.
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* DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT =~

L Turn now to PIG 1 whlch 111ustrates a s1mp]1ﬁed secttonal view of a scalable

- " maonetores1st1ve tunnelmg Junctton memory cell 10in accordance w1th the present N

20,

intventlon The scalable. msgnetore31snve tunne]mg Junct10n memory ceH 10 mcludes a
- supportmg substrate 12 onto wh1ch a seed layer 14 is pos1t10ned Supportmg substrate 12
may be for example, a sermccnductor substrate or wafer and sermconductor control .
| .'dev1ces may _tben_ be foxmed thereo_s. Sc__ed_laye_r 14 1s foxtneri t)n suppo_rtmg substrat_e 12 to o
L :f | a1d111 tbe_.fern.:_laticn and eperatton _ot_the r_etcttaining layers of msteﬁsl.: Ananu— o |

ferromagnetic layer 16 is then positioned on _seed layer 14 and inctudes, for example, - -
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‘ﬁ@@‘é‘(‘lz&‘l?ég'net'l c 1 eyer"' 16 i s tHen positioned. BﬁT@ééﬁ&mz?sn S

I'ayer. 14 and incl udes, for__ exanpl e, 4 WD 2005/.022653 "

R ot DRI N N

understood that seed Iayer 14 i's -optional " and is_included o

o understeqd atseed ByPicld s ApféRpRhasis insludeflin B prefoved pubpdmest for

- Al so, the positioning of anti-ferromagnetic layer 16 is

111usrnzmybqiurpcxses, iAo, terpositipeing f witt-ferrommgneticteyer 16 $sfiob Fabrication - |

-configurations available. A first nagnetic region 18.
" corVB¥ibRE itk Bk bBRBLpIIREREbhS, drurestavugueor 20 is

positioned on the antl -ferromagnetic layer.16. A

eghatnaiEeRER2E B EGahnl Rl o5 is i ng

a resul t ant rmgnetlc nmoment ~vect or. 26 i-s positioned on

| 'Posrtrﬂsﬁuguéhq Bliceparagneg layay L. omonmagninipuries yepgiriaplngl

" layer 22 can . be a dielectric material which behaves as a-

on ﬁmnnmgmemlg rhgion {@and aosel:ancpmegheme r@glﬂ&%bﬁylu@g 4 tesulednt magnetrc =
junction . that exhibits tunneling nagnetoresistance or | t :

moﬁ%ﬂtbt%cﬁ‘lr QQESdIIS&ltlo\lgd &?ﬁ&fﬂlz@neﬁ@ éﬁﬁn@&@&eiz l\l‘onﬂfagl‘lé&

| ayered me structure whi hi'bi ts gt an

or rstood that .no netic

ofBEtghe PP Tacsnidiaierdl it R Roie PRRRBRRETE ' ©
| ayers, but is shown.as one layer for i 'lustrative . .

proerﬁeudsesletlc tgngljuRcliog thas pelthiss fuanelmganagnetopisistane e oyt osibe

" magnetic monent vector. 20 unidirectionally along a -

a cqudedtiermateris goeit asceopperso prodecesa lagettd hetalid strmgme whivhf i eld
is supplled to overcome the pi-nning action of |ayer 16.

exh@t@ Ak b é&lesmtfaﬁcrer RRHD ‘B@l.lh&erlst@bl@fha@ﬁoﬂ n’gllr@tlccs% %ﬁﬂ?lhyer”

to, |nsure that spurious si gna s .and  nor i ng

22 %%]celufe muluplerlgsula‘fhvndgtlgyrersr ggtl'ls tsI‘?rl]vlru grsa n%yl'e% for 1 s?rtau¥§ ct.or : __ | o

PUI’Poses e

. Antr-ferromagnetrc layer 16 pms resultant macrnetrc moment vector 20

B unidjrectronally along a preferred macrnetrc axis unless sufﬁcrent magneuc fieldis -

supplred to overcome the pmnmg action of layer 16 Generally, antr—ferromagnetrc layer

16 is thlck enough to'insure that spunous mgnals and normal cell wrrtrng srgnals wrll not

' sw1tch_ resultant magnetrc moment Vector 20.~ :

In the preferred embodime’nt' ﬁxed magnetic region 18 includes a synthetic anti- .
ferromagnetrc layer matenal whrch mcludes a trr-layer structure of an antr-ferromaguetrc 5

couplrng spacer layer 28 sandwrched between a ferromagnetrc layer 30 and a

' ferromagneue layer 32.: I—Iowever 1t wrll be understood that magneuc regron 18 can B

mclude a synthetrc arrtr ferromagnetrc layer matenal other than a tri- layer structure and the e

use of a tn—layer structure in this embodlment is for 1llustrat1ve purposes only Further, =




| %W‘W"FW@ preferred enbodiment, f| xed magnetl CPQ'@E?%?H“WQS”

. whighdncludes Moferigmagnesie Tavets thetare anthferigagnasisalieo

i‘ncl udes a synthetl c anti. ferromagnet ic lFayer: material
whi ch includes_ a to -layer. structure of an

" ":I-j___maamttcrpeiam higrigtedderenaprelin g sipageaning fhat thgsnaea%ﬁ/tnewsat

bet ween: a ferronagnetic | ayer 30 and a ferromagnetl c

o vedt@‘g of 1a9@s 3blend 92 e niot freé fol rotuee iunbleprstenatiof hmbderagrpplisd *

region 18 can  include a synthetic anti-ferromagnetic:-

- magﬂ’é(ﬁrﬁel@tlrﬁﬂh 39&&%&%&1@1@rérerehﬁétak&yef structure. and the

use of - [ayer structure ih this enbodinent is for

g B R R Rl R e TR AR

nmeani_n that the magnet i c noment.  vectors of errs 30
moder at e appl i ed magnetic field and | ayer 32 is used. as
-a synt heti c anti- ferromagnetl c.layer material which

N'Is.a inte

o _ ._sinigﬁe ! ??ﬁ Dbde 't Q‘IQ'%:gll'ded two s@Xﬁ%%ﬂﬂ%ﬁ%ﬁc&@%ﬁn includes a tri-Ia et E

nti-fer r onagnet

eat er

y coup e

kY

edp wherein N ;

-1i8 atlh&gereﬁmrbengreaﬂce&m or eqfyal troee/onhgtheémbochmgmtcshowﬁzhererfot udes - |

s i ok SR el s vy 4 saﬁsa%afi%e%“%s
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- -_Ru Os Re Cr Rh and Cu or cornbrnattons thereof Further ferromagnet:tc layers 30 32, B

R .‘

so that magnetic region includes a tri-layer structure

sandw ched between a ferromagnetic layer. 36 and a

havkehirbregnd0iand H2yecadBichF Furhimgne firoayeticcapling B

-each 10 have thicknesses 40 and 42, respeéectively.

. 1ay5ﬂa4tﬂasa¢meatets i er»tm@%atﬁsooeew biet BORCA-ForloRU@ReRA

has. a t.hi ckness 44 be un tood. that the

oyl A SRR RSB b b ah e

different. nunber of ferromagnetic Iayers and the use- of

ferromagnettc coup]rng spacer layer/ferromagnetrc layer/antr ferromagnettc coupltng '
E 'spacer layer/ferromagnetlc layer eould be usecl wheretn N is equal fo three

Ant.t—ferromagnetm couplmg spacer layers 28 and 34 most often 1nclude e]ements S e

_. 36 and 33 most often 1nclude alloys of N1 Fe, Co, or comblnattons thereof

_I;Ferromaonettc layers 36 and 38 each have a magnettc moment vector 46 and 48,
.respectwely, that are usually held antt-parallel by couphng of anﬁ— ferrornagnettc coupllng

i » 7: 'spacer layer 34 Also magnettc regton 24 has a resultant macrnenc r_noment vector 26.
:V'When no magnetrc fteld is applled resultant magnetrc moment Vectors 20 and 26 are

= or_r_ented along a preferre_d_ ant_sotropy easy—axts. Further, magnetrc regton 24isa f_ree--

| - ferspmmagneticdayeai6 and 1 foromagnetigrayar 8 dmmasnctisdarest 3¢ aybit eafﬁ N

T nutaberpf fmoatpeaetetiam andehe asercm astnelmssetmﬁéwe iy Ehls embodlment is

s :_ for 1llustrat1ve purposes only For example a frve-layer stack of a ferrornagne‘nc Iayerlantt- |




WQrZO‘?DI’“IZ%@ﬁatI ve purposes only. For exan‘pl e, aPPT@§2qﬂﬂ97éF32
stack of a ferrormgnetlc Iayer/ant| 15 ferrormgnetlc o K

. [_:- ferfo?ﬂJa F?‘Bﬁgtrg‘%%’ﬁ@%tﬁé Ife%%l B mSBJaegt Yector 261s free to retete |

Iayer/ferrorragnetl c layer couI d be 'used, wherein. Nis

_m@aﬂlf?ﬁertcﬁofhﬁl%)1354@%%“?@(5‘%%%&| C coupl ing spacer: Iayer's.

28 and 34 -nost often include elenents Ru, Gs, Re, Cr,
Rh, Wehile a@ui-ferormagmetic oaipliop ayetsereibiustrated ltdhween the ferromagnetlc :
ferromagnetl c layers 30, 32, 36, and 38 nost often

layéﬂ@ G Bl encic 1 SnsOfg Md.24MR wiltPe uRler&8HPHALHE %}&rﬁz{gﬁéﬁ@fayers
Ferronugnetlc l'ayers 36 and 38 each have a magnetic

o RO AL et

coupling - spacer ‘|ayer -34. Al so, magneti.c region 24 has a-:

S _'_or otherfpatuae. Hon gample, iRpFreieirvoRito R high. aspoph@iion o fegretanetio

field s applied, resultant nagnetic monent vectors 20

R _layae dre%uqmeallemt@tetdefebmmggetastmcﬁme«crlemhreemn o4 caapyany.

- easy-axis. Further, rmgnetlc regi on 24 |s a free

 norhigh RGBS 165ck 04 Bl ITRE Rifdh halo oei &ea%ve\gﬁ%e%slvﬁu

monent . vector 26 1s free to rofate int Re presence of “an

- B aE b vl e bl B hfers e anti-

ferromagnetic_|ayers:in magnetic regions 18 and 24, it

 ferigmegnggiga leddysapdyeiching anti-devomagiets ceunlingapajerial between

- nonrmgnetic spacer |ayer that breaks the ferronagnetic

~ eachadihem feriveiageetiv lapsreDse advahtagayPisingar syndntic apifatdmgnetio |

- coupled from magnetostatic flux closure. In this case,

'_ 'Iayé‘if"ifiat&{al ot hertnd Etﬁi—klélﬁﬁel cE@ﬁhr%’ﬁf'ﬂE& BagrleqE nﬁﬁﬁéﬁ@ Y6 p%vteﬁts %I ,.

hi-gh aspect ratio, the erromagnetl ¢ coul

B e R TR e

preferred enbodi nent, the adjacent.ferronmagnetic- Iayers

.-.'layegfe anti- 10 ferrorragnet icall y .coupl ed by. sandwi ching-

‘anti- .ferromagnetic coupling material between: |ayer. :
- vorRuethef, doring fabncattgmaif sealgjlwﬂmgmdtmmhmauuﬁ&mg Jtmctzion h®xory -
woul d ‘be -forned if using a si ngI e

s _ cell 10, each succeedmg layer (1 e. 14 16 30 efc.) is dep031ted or otherw1se formed in

_sequence and each cell may be defined by selecttve depos1t10n photohthography

e processmg, etchlng, etc 1n any of the techmques known in the sem1eonductor 1ndustry

e _ Dunng deposmon of at least the ferromagnet_tc layers 36 and 38 a magnetlc fleld is _' - ::

20

: :-25. o .:

prowded to set an easy magnetic axis for these Iayers (mduced amsotropy) This .

: amsotropy axis can also be set subsequent to depos1t10n by annealmg in the presence of a

| magnettc field

The structure of magnettc re g10n 24 substantlally unpacts the vanatton m the .

| 'sw1tchmg for an array of MRAM dewces In the preferred embodunent to minimize the

vanatlon in the smtchmg fteld st, the magnetlc layer (1 e. layer 1 1) in magnetlc reglon | |
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rragnetl c. nonent vectors prevents a each adjacent

25 MBI koLi ORISR i S PR DU

" scal abl e magnet oresi sti ve. t innel i ng _junction nenory

. layerdBland by the awigeshid0 deiei 18 A. ady dlvickar layer 3@ hasiteen fpindde ¢ ) i .S |

-deposited or otherw se forned in sequence and each cell.

grﬂﬁadeey gapiove theyiagrtieplopwticsoPiagdrtioan tha iy o dppfoapnalyy

processi ng, -etching, etc..in any -of the techniques known

ol B e h%%gg&mﬂegee@m

.',. :_Vanf?tlﬁ%Lgf tk‘%?ét’?n@r Al d a%'i%yisgttfqu%ggy%ﬁ i Ifgltﬁax %\Xl 'S. -

- can al so be set subsequent to deposition by anneal | ng in . S

s maten@ initieledeposittd en theragumoeguetis sepackting fayes22. LEhaeferepthe

magnetlc region 24 substantially inpacts the variation in

" -"essetnb@of B fabdht Roloptimase the marial qualipA gRy B6 efd réthin debeptable

preferred enbodi nent,. to mnimze the 25 variation in the

R AR RIS B eeoeéw
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.oof 40°Ato 120 A A thicker |ayer 36 has been found to '
 maggegation démetion i mptenjaxialthet eieoytas) angd gpwaplerqontrg! the sWHghiRg 36

so that HT is approximately equal .from one NMRAM device

A field. Gea BB Ktady PagaOB0a6,531,712has been found that the

'swi tching variation of the el ements within the array is:

lg&? g‘xﬂic@c(} inlide g&ehgﬁg%%gfﬁfb% JIRY ei‘%m seen. . -

on the”non tic epar ting layer

A tﬁtepa&est%fym SRARE AL B

| by an increase in the relative vanatmn of the mmnsm matenal amsotropy normahzed to

'the mean.aﬁsotrop.y. Intt*me1c matenal amsetropy is an eneroy defmmg the preferred :. 7-
.:T; stable un1ax1a1 magnetlzatmn duectmn The magmtude of the sw1tchm g field st for an
_unbalanced free magnetlc regxon is controlled in part by the 1ntrms1c amsotropy (See -

'. Umted States Patent No 6, 531 723) and a Iarger variation in the 1ntnnsm amsotropy w111

- "dlrectly result from the increase in the variation of the magnetlc sw1tch1ng field Hyw for |

_ patterned MRAM devwes Elustrated mn P‘IG 2 is the relaﬁve Vanatmn of the mtnmsm :

L matenal amsotmpy measured for various thlcknesses 40 W1th1n a range apprommately

= _ r oxide layer 7_22 an_d_ annealed ina magn_ene field at 250 °_C for 30 mmutes._. As show_n, the n _. SR

r

: - from 20 A to 60 A for magnetlc layer 36 dep031ted ina magneUC ﬁeld on an alummum

- relative variation of the intrinsic anisotropy decreases for thicker magnetic layers which-




W29Q§W|21"1553char acteristics. by raki ng Iayer 36. 5%?’?3%5]94/323832-_'_: "

~ SAP structure. -As .nentioned above SAF structures prOV|de
tion vortice

o ﬂll%Rﬂ%S?t el ket TR a0 i RSl BRI

~_but" circular) and a way .to control -the switching field..

R édje‘@ét oihe RenTSIEACSPReRT SegioNyill ghogpimprowd mIgnetigAIOPPEisht

10

15

 begwings gprpriERRtely 40

degradatl on in the magnetic quality of magnetic layer 36
i S 'Bmamoszttarﬂtti}n@whichulhrsedateea%e@hbﬁlﬂmﬁehnm omamne)tfy n‘&@neuc .

to 60 A (See FIG 2). This can be seen by an increase in

o | ewﬁdﬂﬁlsgr ks Y ﬁ)r‘éﬁ‘%ir%‘ Mgﬁttt&fnea Ii’rﬁafqhéﬁcréléh?érﬁs hsﬂ?ﬂgﬁ% érﬁéle free -

he nean anr sot

ani otropy nor mali'ze o)

sl SR G TR R ) @g%érﬁzh@ﬁ?@gﬁe%f@h%eb piag the

rmgnltude of the switching field HS,, for an unbal anced

 thicknets ofgrierardhe byroiines smessbpniekel fop eataltiikg) grown on

intrinsic ani sotropy (See United States Patent No..

o 'an aﬁulﬁﬁﬂmﬂébable ncaﬁﬁhgaeﬂuwpgea’r lyyar Pt Th)dﬂsmmarﬂyhapmﬁthﬂslements are - o

. - anisotropy will dirrectly result:-fromthe increase in the
o _asPyc@&atetz anpgefsh I\hbhewm@g REkth O DWStRRI R, eh@ chlﬁbe sefeﬁ fn ﬂfg 3,

2 patterned devi ces. IIIustratedln _ o
-, relative var | of t rini terlal

| thergy %B’E‘}W {P:f efvé?f!l}%quﬁf‘ss"i’l t%t@&myn a

S range. appr oxi rratelg from20 A to 60 A for rragnetlc Iayer
Fagatestthan. 402 It Thetiyn vatialiandispensiangwith

layer 22 and annealed in a magnetic field at 250 C for 30

: _ thlclme’ssl becnuse’is issdomningted b vartitiahs Meshupy anidotiopy fibnt Bieto-bit that
.intrinsic anisotropy decreases: for thicker magnetic

* scalb DB e MBI RAIAD 1@&3@%&%@&%@{3&4@9@&% falatwvaam L

hat magnetlc rrermry cel'l's grown w th thicker magnetic-

er.s;

-'W1th 3 reasm ess efihls behavior is due to the degradatlon in materral quahty
.' .shown in Fl gure 2. The poor magnetrc propertles of the thin magnetlc layer dlrectly

.mcreases the rnagnet1c swrtchrng fleld varrat:ton from one MRAM devrce to another in the o
| | array of MRAM devrces The preferred embodrment addresses these shortcommgs by

; : makmg Iayer 36 thrcker wrth better material quahty wh11e effectrvely makmg the whole _-: i -

L _stack thmner by antr-ferromagnetlcally couphng layer 38 to 36 The preferred

20

- _-'.'__varrauon of SAF layers 72 In a preferred embodlment cell 50 mcludes a conductrve Iayer _

25

- _' embodlment has the matenal quahty of a tlnck layer but the shape contrlbutlon and Iack of

B vortex formatlon of a thm layer

- Turn Now to FIG. 4 whlch ﬂlustrates a lrragnetie nremery cell 50 used to

_ 'expenmentally measure a magnetrc amsotropy and a relatrve magnetic amsotropy

- 52 An msulator layer 54 is posrtmned on conducuve layer 52 and a magneuc layer 56

" Wrth a thrckness 58 is posmoned on 1nsulator layer 54. An antl—ferromagnet:lc spacer layer R

9




‘5912%@%‘3%0 the nonmagnetl c spacer. reg| on Wi i | IPQT(HWGO“"OZSS”
- i'nproved magnetic propertles Turn now to:-FI G 3 which

- illustrates a graph of the relative variation S
60 yrify A dhirkness G sqorifgned @) Bagnetic faypr angeq BgEnstic E@Ft &t W&B a

magneti ¢ el enments ‘having a single. free ‘magnetic layer - -

- | thidkness 66tihpaskivesd od 4pegrinys G0e Fortherdad tisulaive $ayeri@8 Isqpasifigned -
-~ zero) verses thickness. of the layer, the |ayer being

.. .. | on ﬁl@é‘ﬂyﬁ%‘: elePba A EdnduE @R 169 b ts pc(sMoﬁ@(f:@ﬂ nﬁﬁﬁw 1B8Rre@mn

al um num OXI de nonmagnetic spacer |ayer 22. The 'size and

o R S RO R,

»is amnimumin the relative variation of. the

" 'msel@tOt @ﬁtrﬁ é%néﬁ&@clwetatsmﬂnsn@xm(&}o 1@3@5.%#%5365@9 -

~approxi mately 40A. G eater than 40A, the relative

R - exawmpld, atagnti layerofis trah§4 inchule hickelknms(Nili) eadispacet laje 0

domi nat ed by variations in shape anisotropy from

P :mcl*ﬁtk":s el G WIRER Riald ilali}l%?s sstslsems@slmma &ﬁdanw

o PR R S g

10

L énddfor@éhls §PesHic gxamp

Athere Is an-increaSe In‘the relative varlatlon wi t

poor. - fragnétic . prog}a@_tl es of the thin magnetic |ayer
e shosem for sigplisity and grse o disgussiogyte

vari-ation from one MRAM devi ce to. another inthe.

. illustratey mehsubdrdeut d=ult@ad thaT bibepmetadals ecilé b obbseBnt addr es s.e s

these shortconings by making layer 36 thicker wth

' bet}h%ﬁe Bl @inbAsiAdnt, Ynaphbd Slafidcf $6hh/&] ¥re @ﬁﬁlfaﬁoﬁ@etlca_lly
whol e ‘st ack -t hi nner by anti -ferrorragnetl cally coupling :

oS et i, TSGRy BRR QA e s6 a6

-_15

~contribution and |l ack of 20 vortex formtion of a thin.

' can |bgy:@,gnencally coupled through other means. Further, cell 501 is 111ustrated as
R mcludmg two maonettc layers (1 e. layers 56 and 64) for mmplnnty and ease of d1scuss1on L

N to show the expenmental measurement

Turn now to FIG 5 Which 111ustrates a graph of a relative mz’tgnetic. anisotropy

: vanatton of the SAF structure 72 verses th10kness 66 as 1Hnstrated in FIG. 4, In thls -
S 111ust1at10n thtckness 66 is varted from approxmately 20 A to 120 A wherem thlckness s
B 58 is apprommately 40 A As shown, the relattve magnettc amsotropy vanatton is:

'apprommately constant as a functlon of tlnclcness 66. ThlS result 1nd1cates that the

. o vanatton depends substanttally on th1ckness 58 (See PIG 2) adjacent to tunnehng barner o

25

.' : _;uncnon 54 and is 1ndependent of subsequent layers magnetlc grown thereon (1 e. layer
o _64). o
Turn now to FIG 6 WhICh 111ustrates the measured 1mprovement of the sw1tch1ng B -

' chstnbutmn W1dth (51gn:ta) of patterned btts by dep051t1ng the ttuck layers of an unbalanced o B



W@FWW&%’?O FIG 4 whi ch |Ilustrat es a mgnet,gCWﬁ@WOZbSSZ. -

ceII 50 used to experlnentally neasure-a nmagnetic..

A RS TR SR LB

includes a conductive Iayer 52. An‘insul ator layer 54 is . =

' :':—_!.'maewcemﬁé& SN @RItk magncty yes3t dindedbyragaaation af aykick 56 | | _f.j' .

.25 with a thickness 58 is positioned on insulator |ayer

 mafgrbticMycaB8 probey SrONMUNRLERHS RAGESE hay Rinctich MBh2 051982653
S PCTN82004/ 025832 .60 with a thickness 62 is positioned. on

?%Eﬁ%@se%éﬁféé%sﬁaﬁ?gﬁﬁﬁg%ﬁ*ﬂég SUEpPd i 08, 1o

e St i 2 RS B TR A RS

‘| ayer In this specific exanple, conductive |ayers 52 . :

i theexgenamromw@ﬂpe@i@ngm clifayemrast emthe tinmsbibartior 22 taydspasitig rimd -

.68 i nclude alum num oxide. (Al Q). Further, in. this

Eh 'j' thnszapelftrmn@eaﬁe{ems ﬁeﬂgig@fdmnhteweaﬁﬁ sl 94 at m&l&umﬁc

10

15

ni ckel |ron (Ni Fe) and spacer. ‘layer 60 includes

B O b P :
sl R BB A e S

licity and, ease of: dl scussion.to 10 illustrate a’

| bel% aEnypimaialy S@A thet vasiation Wethe ovitcing field fordnsarcy of dleinents is

“chosen. In. ‘the preferred enbodi nent, nagnetic |ayers 56 o

' redued whén diecthizhér lajep iy QpRGRALINGRS hitnelRERired, haurispaaeiges and -

| ayer 60. However, it w || be understood that nmagnetic

_. N 'moélﬁb{ﬁfo%s ﬁﬁh@@fﬁ ur me eﬁ%%er@tﬁfﬂ%gfﬁ)tﬂpﬁﬁ:logé/s 0“f9 Hoh Wiﬁ’feggll%g

nmeans. ISl ustr as I nc

R A B et

‘exper i-ment al msasuremsnt Turn now to FIG 5. whi ch-

: j_matﬁlllal el Esad@lmpmr@fedanetgi@quﬂéy nagprettitainehfromt depps,zﬁon of
- variation of the SAF structure 72 verses thickness 66 as -

Can amdrplﬁme aﬂ@d stidh dﬁl(foFeB allb?s bh tSp of the tunnel bamer Also material -

o _ | quahty can be 1mpr0ved through hlgh temperature anneals and deposztmns To the extent "

| 20 .

B - that such modlﬁcatlons and vartatlons do not depart from the spmt of the invention, they =
__ -ra:re 1ntended to be mcluded W1th1n the scope thereof Whlch is assessed only by a falr

cal mterpretatwn of the followmg clalms

Havmg fully descnbed the 1nvent10n in such clear and conc1se terms as to enable

S those skllled in the art to understaud and practlce the same, the mvenuon cla1med is:

...11




Wplzﬁ%sfﬂﬂ%ﬁsr”on ‘thi ckness 66 is varied from appr BQTWﬁ%‘@I"?hS”{'_ Lo

20 A to. 120 A wherein thickness 58 'i-s. approximately ‘40

A. As shown, the relative magneti: c anisotropy:variation

“is 20 approximately constant as a function of .thi ckness:

66 This result indicates that the  variation ‘depends -

| ‘substantially on thi ckness Me FIG. 2) adj acent to |

” tunneI|ng barrier unction 5

i's |ndependent of

| -subsequent | ayers magnetic grown thereon (i.e Iayer' 64)
~ Turn.nowto FIG 6 which"illustrates.the. measur ed

i mprovenent. of the switching 2 5 distribution width

~(si gma)l.of Apmultxeatatadmﬂhﬂwebmagi&pomemOnjgd&vhe colpgiling:ayer s

of an unbal anced 10 ‘W). 200.5/ 022653, . PCT/ US2004/ 025832 -
SAF first amohfegrietitgberRasion Rith 3 2urfSh QMM ad Boposdd surffcd; S a

ratio of -a variation-for a thin magnetic layer 38 grown

on a thi Ckal’ﬁ%g% e%cr @{ ﬁto%&’ﬁ(ﬂfcg{lﬁ}fﬂ?es\ﬁﬁﬁé -of a_':;---.'. 3

thick nagnetic rayer rovvn on n magne Tayer

36 fa thin | h f SR
ool P Rathy e et e KeemariSee E%Lwﬁw el

m.cronet ers. For exanple, as thinner layer in 24. _
i 1a¥E%28d from 15 A to.45 A the ratio of ‘the sigmas from

s _-_dep03|t|ng t he 't hi ck | ayer first on the tunnel barrier 22 _
t o deposit Whgtemfaefreetmagnetllcalylmr pnﬁtmzﬁl adjac@ td the sefime of fhieom -

" approximately 0.6 at: 15. A to 0.95 at 45 A - The variation

~ Wirohinagrmsic alﬁefcalyragleﬂm the phuedite 6TmnneA6 lahts hasisphOiéd Biaterial
_ dep03|t| ng the layer with. good material quality on the

t “barrier 22. This result |nd| cates that for
t hi ckhesses 10 bel ow appr-oxi mat el y 50A t he vari at i on.in

the SWItChI ng fleld for .an. array of el enents is

'2 A dev1ce as clalmed 1n claim 1 Wherem the tlnckness of the magnctlc layer. =

RN posmoned adjacent to the surface of the nonmagnehc spacer reglon in the plurahty of .

- magnehc layers isin 3 range approxmzately from 40 A to 120 A and the 1mproved

_"'n?ate.nal quality is _thamed through mcrea_smg_ th_¢ tluclmess._- R B

: 3'. _' A dewce as clalmed in c1a1m 1 wherem the magneuc layer posmoned

| adjacent to the surface of the nonmagnenc spacer reglon in the plurahty of magnetlc

o Iayers is of a matenal havmg meroved growth charactensncs on the nonmagnettc

20

_ spacer.

12




W’éé%@#%en t he th| cker Iayer |s'depoe| ted'o?\CTfﬁézﬂﬂ“/ﬁZSﬁ?. -

. tunnel: barrier 22. “Various changes and nodifications to.
. ’the .enmbodi ment's herein chosen:for: purposes ‘of . . - :

.~ illustration. will readily occur to those skilled. in the
o cart. For- exanple thi ckness is one nethod for |nprOV|ng

e ey SR Ml 300 S0 LR et B Bl Blionea

~anoy, phous alg% ’A? ch as CoFeB alloys;.on top of the
. lﬁ#ﬁ% ce

Futa fieis TPREIAENCHF SpRsa PRGN ke B@rah%amweﬁc
through hi gh tenperature anneal s and dep05| tions.. To-the
exie¥ant is an pawrpboesmagedii¢ alkyt | ons and vari ations do not

- “‘depart fromthe spirit of the invention, they are

i ntended-to be included within the scope. thereof which:
i s.assessed only by a fair i-nterpretation of the '

fol I owisng - Claddefie a2 Qatidl iR Glafih Whe ASSHE %ﬁet{chﬁeﬁ‘ E&é’lﬁﬂﬂeﬁn .

in such clear and concise terms as to €

s o under st and and t he S o

B R A R R

: ITSTIUSZ 04/0 832 Itl-state mul ti-1ayer rragnetl_c o
BT e hge

‘E& ahﬁ“*ﬁ“ﬁ%ﬁﬁﬁ@%@ﬁ#%l &cer region.

wiith .4 surface and an opposed surface; a free. nagnetlc

“region positioned adjacent to the surface of the

- nonmagnetic spacer region, ‘the free magnetic region

10

i ncl udiong davipd asddiinky imflaimay whére thealyes Bagnend rsgiterlmlﬂdee 'at

~ free magnetic | ayer positioned adjacent to- the surface of:

t DN QRIBGNEH dnGnti TORGBInERIERBLAPsgalke nPhdiap! 1 Ly Of

- magneti.c layers has inproved material .10 qual i'ty. 2. A

devi ce as . clalned |n clalntl mhereln the thlckness of the L

"f_nagnetlc | ayer

7 A dev1ce as clarmed in clatm 6 wherem the antl—ferromaguettc couplmg spacer

' _ matenal 1ncludes at Ieast one of copper (Cu) sﬂver (Ag) gold (Au), chrommm (Cr), G

S ruthemum (Ru) rhemum (Re), osrmum (Os), tttamum (Ti), chromlum (Cr) rhodlum

15

(Rh), platmum (Pt), palladmm (Pd), and alloys thereof

8 A devree as clatrned in claun 1 whereln the ﬁ'ee magnettc reglon mcludes aI e

B Ieast one of mckel (N1) iron (Fe), cobalt (Co), manganese (Mn) combmahons thereof

| _. and alloys thereof

| ‘20:-__ |

9 A devrce as clalmed in clatm 1 wherem the free magnet:tc regron mcludes a

e = | synthettc antr ferromagnettc matenal regton 1ncludmg N ferromagnettc layers Wthh are e

pa o antt—ferromagnettcally coupled where N is a whole number greater than or equal to tWD

13




W@é@ﬁtﬂﬂ@’ﬁ%d adJ acent.-to. the surface of the nmmwéwzém
spacer regi on-in the pl urallty of = rragnetlc layers is in.
‘a'range approximately from40.. A to 120 A and the + - -
-'lnproved 1:5 mat er:i al quallty i's obtained through

increasing the thickness. 3. A device as clained in el aim

1 wherein the magnetic | ayer. positi oned adJ acent to the
‘surface of the nonmagnetic. spacer . region in-the. :
plurality -of magnetic. layers is of a material havin )
i.mpr. ov 8- Hdeviehaschaimad ineeleist § whersin eattelN ferommaggeiés fayer ipati-
spacer.. 12 WD 2005/ 022653 PCTI US2004/ 025832 4. A device
adenbraigredcally colpdédbiGamveicking aldyer ofegratiiferrdraappetic coupling
_p05|t| oned adJ acent to the surface of the nonmagnetic. -
- Spafeial beiealedch ad B&npfe%ﬁiagﬁe)ﬁc@i ef‘ﬁ%@l‘l'f&rorh@ﬁ@ﬁ@la&és an
anmorphous- magneti ¢ al | oy X _
claim 1 wherein the nagnetic layer ‘positioned adj acent :

to the surface of t he nonmagnetlc spacer .regionin‘the

sited or anpeal ed: at'-_

"_'Jto'efnrazlr R i R SR R R s

vinclaiml V\her ein-the free. magnetic region includes at

" p@opiarad qake onppead sgriacerpi A nonmagnesieuparet tegiosoupl i ng -

' '.spacer material. 7. A device as clainmed.in claim®é6-
~wherein the anti -ferrormgnetl C. coupl tng spacer materi al-

10

.-device as

|ncl_udes at |east one of copper (Cu), silver (Ag), g Id .
(Au) , - ahr ardevige b Nimeh it BB UWHERBH) the hbiRR B &err Um

(Cs), titanium (Ti), chromium (Cr), rhodium .15 (Rh

- p'ﬁatdaygaléﬂ dne Jfgtwnﬂﬁiﬁt#%@?&mg&g@uﬁﬁﬁﬁ}&gﬂlﬁggﬂw% oxﬁ\ae -

al me gne

B r ?@i‘ gnanh%%cl)tﬂe eds electnc matenal WhiCh form a tunne]m g bamer w1th each adJaccnt

U regmn

15

13 A dev1ce as claimcd in claJm L whcrcln the nonmagnetlc spacer isa "

conducuve matenal mcludmg at least one of copper (Cu), chromtum (Cr), sﬂver (Ag),

S _-'.-and gold (Au)

- 1_4'.. A'de\'fice_ﬂas' claifned in clann 9 wherein the one fermmﬁgnetic Iayet_pf the

. syntt16tic anﬁ-feﬁcmagneﬁc material region.that 'is positioncd adjécent to the surface of

20

_the nonmagnctic spaccr is at Ieast as th1ck as any of the other N fetromagnetzc Iayers

= _ thh compnse the synthettc ant1~ferromagnet10 matcnal regton

14

eV|ce as .cl aIﬁE e




WQé@lﬁIOé%é-" of . ni ckel (Ni ), r rbn ( Fe) cobal t (wmszoo4/025832'__ -

-._-r“ranganese (Mn);- conmbi nati ons thereof, and alloys thereof.
0 ..2009. A device:as clained in claiml wherein the free -
. .magnet ic region-incl udes a. synt hetic: anti-ferromagneti-c -
~mat'eri-al regi on ‘i ncl udi ng N ferrormagnetic layers which

 imper S PRSI ‘?%ﬂk&““ﬁ@f{ﬂ%@&b%@@?ﬁ !

" PCTIU I d | 9
T S A e RSy SR Bl ™

_-ferromagnet i-cal |y coupled by sandwi ching a |ayer of an
~anti - f er r oRBGHBRITSHG Tapsr FogePTwitiap pufach andwaeeppesedisurface; and -

: ~adj acent ferromagnetic layer in the N ferromagnetic :
o lrayers.  11afipe tegietie r@mﬂmﬁmaﬁ:agnetmlragmm ﬂ:emglpdssﬁidme@on the .
~ fixed magnetic. region is -positioned on the opposed .

= s unffamofdie ﬂdﬁﬁm@ﬁﬂﬁiﬁ?\ﬁfceﬁﬂeﬁoﬁﬂﬂ@ﬁ& ﬂrﬁ@'leﬁ&‘reg;&l indudl\ieg as o
.claimed in claim1l

erei'n the nonmagnetic spacer region-

g afdru?eesnsatathe '\59&910% Qé{yg(%};ﬂgrﬁl%@n%eagg Shaereaicn

"_aumnumnltrl sill1.co

'Séﬁﬁg%ﬁrf’acsﬁﬁﬁe%é -%W%Qv&s%%%? efs%ﬁ‘ & i atropds s%“qﬂ%]hl e

o HEH el

erein the. eagﬁy gnetl C.spacer, i s 15 conductive .
RgPager 1egiqa Whaen die tb’@blﬂféi* of i first mepmResieilanr
silver (Ag),.- and gold (Au) 14. Adevice as clained

(e
s %ﬂ’b@tﬁmﬁaﬁy\mﬁﬁeﬁh@nﬁh@mh@% ecrthosmgmrbmagrreluay@er,dfechEess of
. - synthetic anti-ferronmagnetic material region that. is o
10

p i firstmeghe ecl]agardeingtchosed 6 chtdih adesiell ni’f%néthﬁsxﬁﬁéﬁiﬁg@&@iﬂ(ﬁ :

' '-'_'spacer is at |east as thick . as any of the other:

“ferromagnetic | ayers which conprlse the synthet|c -

B anti-ferromagnetic material region.

' 16 A deV1ce as clarmed m clann 15 wherem the thrckness of the ﬁrst magnetlc |

L | Iayer is in a range approxrmately from 40 A to 120 A for each magnetrc memory devrce .

- in ﬂ_lf?_ PIDl’aht}’ of magnetm memor_y c_levrces, L

© 20 = spacer matenal 1ncludes at least one of copper (Cu), srlver (Ag) goId (Au), chromu.m

17 A dev1ce as clalmed in clarm 15 wherern the ant1~ferromagnetrc spacer N

SR reglon 1ncludes an ant1 ferromagnetlc couphng spacer matenal

o 18 A dev1ce as clalmed in clarm 17 wherern the anu—ferromagnetlc couplmg

T '(Cr) ruthemum (Ru), rhemum (Re) osmium (Os), Utamurn (’1‘1) chromrum (Cr)

Y ,. g rhodunn (Rh), platmum (Pt), paIlachum (Pd) and alloys thereOf - :

15




.' o [‘I’&’W’%éﬁé/ 022653 PCT/. us20041025832 15 A pl uPQiFWﬂémSS?Z__ :

- magnetic nemory . devices with a nagnetlc sw tching field
“ and -a magnetic switching. field variation, each device’ .

conprising: a: nonnagnetlc spacer ‘region mnth a- surface

~ - and an. opposed surface; and a free magnetic region, the .

~free nagoet doviceqs ORREIN BB 35 WHERELHO iddes oB e RAhetic -

fthe nonmegneti c spacer region, the free magnetic region - -

I NEyge s Arabbd. 1‘63@195%@1&' o} 2¥ielor OF 51%; Rdohk BEPESSs the thxcknesas

pOSItIOﬂEd adj acent tOt e nonma neti c. spacer. regi on

PR i DS BB A

spacer ?%, N, - wherein the thlckness of the first
R8st sy er s substantially greater.than the

'-thlckness of the 'second ‘magnetic layer, the- thlckness'of
- 51.0 the, first nmagnetic.l'ayer being chosen to-obtain a
wdeSIred magnet.i.c. swi-t ching vari-ation. 16. ‘A device as.

- -cl ai med20.nAcleficenslSaimbe iedifint PRwhObRKTBEE nBEndddgedibt &t

magnetic layer i's in a range apprOX|nater from40 A to

12kl Aa AR RGBS HIcIBL  Yopnf il i PLUT AL (Y

~of 'magnetic nenory . devices.

"f,.|n cl'aim 15 wherein the" antl-ferronagnetlc spacer .
'-:reglon includes an antl-ferronagnetlc coupllng spacer

vice-as clainmed in claim17 wherein the

©materi A di
anti - f ?rlr &@&ﬁ% 25 ?331886 i siign 2 wherpiadh nonmagRetigispacee Togings

“ 10

: .1.5_.

at | east one of copper (Cu), silver (Ag), -gold-(Au),
¢ hipelktlesrat feartone pfalveiniormxidRUOAIO), hEmiipum itade (AdNisilivot fmd,e

“titanium (fi), chromum-(Cr),. rhodium (Rh), platinum-:

- ( RS)0), pad drmctenisnitabie ielea it Iﬁitél@al Sv}ﬁd‘]ﬁbﬁﬁéc a tuilﬁe]ﬂi@bamer w1th each
_2005/022653 PCT/U82004/025832

ad_}acent rcglon

22 A dev1ce as clmmed in c1a1m 20 wherem the nonmagneuc spacer isa

conductlve matenal mcludmg at least one of copper (Cu), chrommm (Cr) sﬂver (Ag), o

-{g and gold (Au)

-"15"3,:-

e as clalned g7' o
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‘Y@zmﬁmagv?ce as’ clalned in claimis mhereln th%c?ﬂﬁ%Wﬂ@§§m  ..

-__of the first: nagnetlc layer is in a range apprOX|nater

- froma factor of -one and one-half times the thickness..

- of the second. nagnetic layer to a factor of three tlnes-;

- the thickness of ‘the second- magneti ¢ layer...20. A device
as claimed in clai'm 15 wherein a fixed nagnetlc region is-
“posi tioned:on the opposed surface of the nonnagnetlc--

- ‘spacer jegj %thoﬁjoffzfétnggﬁ/ﬂ%agﬂ&%h&fmggg g e o es, witha ._

wher ei n”t he “nonnmagnet | cer regio

R B DAt oy

©.dielectric material which forms a tunneling barrier mnth

eaftehice iha elimlity eignesnetiomemprydisvicercomprisingitmedtegsrofc| ai m-

;"'20 wher ei'n: t he nonmagneti c spacer i's.a 15.conductive -

mat erial . i prdemgwgncatndoea&tspmwregfonmawurﬂa&lénd &lvppaicdm
(Cr), silver (Ag), and. gold (Au). 16 WD 20051022653 - .

- PGEHUS2O@#/ 025832 23. A method of -fabricating a plurality
~of magnetic: mermry devi ces vv| th a magnetlc sw tchi ng

field varla netl.c.. o
. nenmory dev ce |nggﬁﬁaﬁ% {§£3Q$éﬁ£% éﬁ%@%ﬁ mg.o
. deyi risin e ste s of .. providing a nonnagnetlc '
- _sa’a%%"ﬁ“@.!’ q@ afﬁﬁoftafﬁ el fRacshT PR HepEee nagasti
. positioning a free nmagnetic region, the free rragnetl ci o

| r SEFOHnBESHG Plyaly of sHeRetsiaerEnd wheweia mhenetic layer in the

‘nenmagnet i ¢ spacer regi on wherein the free magnetic:
r @§irdity phrokgrgtis lagerp puslmﬂeﬂydﬁéentrmqhemmndgagtﬁr spacepdegion has a

~wherein a magnetic |ayer in the 10 plurality. of -nagnetic

| ai;admssﬁnsstmmnﬁ grea@f ma@mhl&l@legsfw tH&Qﬁagaeﬁ@Iay&s &ﬂﬁscﬁfenﬂy
regi-on has a . - .

- grown thereon to obtam a desued magnetic sw1tch1ng ﬁeld vanatlon :

24 A method as clauned in claun 23 Whercm the thlckness of the magnet:lc

_ Iayer posmoned adj acent to the nonmagnetlc spacer reglon in the plurahty of magnetlc -

- _' _' layers 18 111 a range apprommately from 40 A to 120 A for each magnetlc memory.

B :'dev1ce m the plura.hty of magnettc memory devmes e

Tl : =20

" 25. : A method as clanned in claim 23 herem the ﬁ'ee magnetxc reg10n

| mcludes at least one layer of an anti-feﬂomagnetlc couphng spacer matenal

17 -
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Wﬂlzﬁ%{?é%@%ubst anti al | y greater than a th| ckneggT/Htsz"PH%z"%? B

_ _rmagnetic layers subsequently grown thereon to.obtain-a '
7 desired rragnetl c switching field variation. 24.. A rrethod
.- as-clai med in-.claim23: wher ei | nthe thi ckness of the .
-magnetic 3.5 layer p03|t|oned adj acent to the - .
g nonmagnet| C ‘spacer ‘region in the plurality of’ rmgnetl c

‘layers is in a range apprOX| mat el'y from40' A to. 1.20 A

f he | i |
 haaner 2 OBk GaTE Rl 2 LB D iRl i

23 herein.the. .free magneti.c re |oq 20 includes at |east

onEHPIRYIES FOURKng spaces Hpte & lesstipn dfgonpaden silver (Ag)

" material. 17. WD'200 /022633 PCT/ U82004/ 025832 26.- A .
 ef RS BschermivmpeCn), mtbeniiim(Re), teeing (Rehtosmeasfosjrtaama;aé’ﬁ)
~of the anti- ferromagnetic coupling spacer naterial

i nebirarmiem (6Y), Hehim (Rie), pEteap@e), pdledium @d),wad all i)thereddO! d
(:Au);, . chromi um (Cr), rutheni um (Ru), rhenium(Re), osm um-

""_(Os) titanium. (Ti),  chromium (Cr), rhodium (Rh),

~ platinum (Pt), pal l'adium (Pd), and ailoys thereof. 27. A =

oo S Y Byt IS Al @ﬁ%?@tc;udes

c TR Pt b R e B Bk FREor muAag Rereek regron

" _:"| ncI udes . a synthetic anti-ferromagnetic materi al layer
that includes N ferromagnetic |ayers which:  are L

 -_antl—ferrorragnetlcally coupl ed, where Nis a. whole -~
nunber 28+ danehod ienlaimed aoplain Towlierein TreXpee magiefidiegioasncludes = -
~claimed in claim28 wherein each N ferromagnetic layer is .-

. anisyntheld MEERRekharl Ma@enhRd tHaY inSRBSM ‘f&l‘i‘d’iﬂagﬁeﬂttﬁﬁﬁ‘é’rs @fuch L

~.anyanti-ferronmagnetic. . coupling rraterl al between each

-s-ﬁgaezf@%ﬂ%ﬁg@ﬂt%h@a& PR

_-._.|rt]‘%l ud| ng the step of prow di ng a

" 15

- 29. A method as clmmed in cla:tm 28 wherem cach N ferromagnettc layer 18’

- ann—ferromagnetlcally coupled by sandw1ch1ng a layer of an antt—fermmagnetm

- couplmg matenal between each adj acent ferromagneﬂe layer in the N fenomagnetlc o SRS

o .layers '

Co200

30 A method as cla1med in clatm 23 further mcludmg the step of prowdmg a.

." - -ﬁxed magnettc reglon posmoned adj acent to the opposed surface of the nonmagnettc

L spacer regt_on. S

T T




W?)%%(Bmﬁﬁﬂﬁﬁetl c region p05|t| oned adJ acent to tﬁ%T/BWBfJ%S” :

surface of the nonnmagnetic. . spacer regi.on: 18 WO - _

: -_20051022653 PCT/ US2004/ 025832 3, A nethod as clained in

~.clai'm 23 wherein the nonmagnetl ¢ ‘spacer regi on .includes
‘at | east one of alumnumoxide (A'Q), alumnumnitride

(AN, B, B8R GBmed Hi c@xm ANEhAGR MG lonfkdedB sSacer reg101t1 X

dielectric material which forns. atunnellng barri er

SRR 8 R B8 RSN DR e

_ '_rm e{)l al i ncl udi n 2 least one of, copper (Cu), .chr Omlt%each S

) 04 %athec ;%1

c&)q zaa )wh@gforms a tunnelmg barrier W
-:' adjacent regmn S : o

' 32 A method as cla:lmed in claun 23 wherem the nonmagnetlc spacer isa. - |
' conductwe matenal mcludmg at least one of copper (Cu) chrommm (Cr) sxlver (Ag),

N and gold (Au)




