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. MAGNETORESI STI VE RANDOM ACCESS MEMORY W TH REDUCED :
SW TCHI NG FI ELD VARI ATI ON ‘5 REFERENCE TO PRI CR :
APPLI CATI ON Thi s application has been filed in thet 3 FEB 2007
United States of Anerica as patent application nunber .
M@NET@GE&IME@BANW ADOBSS MEMORYDWIFEH D UCED
| NVENTI ON Thi's invention relates to sem conductor
- menory - devi cessyIECHINGEIREPV ARTANDW to the
‘switching characteristics of an array of nulti-layer -
- magnetic menory cells. 15 BACKGROUND OF THE | NVENTI ON
. In the past, a variety of magnetic materials and
~ -structures have been utilized to form -
magnet or esi st i vEEFERENG FORRIORMPRIJCATION nenory
“elements, read/wite heads for disk drives; and other . .
~magnetic type applications. Resi st ance changes due to

. C’glﬂg%iyg\i{%ﬁ? grla;g)ﬂglf ﬁlgd%g’ﬁh gﬁgpg@?t %scof?%,pgé-gcsé&? pﬁtg?tﬁggcamn : |

B numb@l1bmwel466@ﬁnﬁiguarzstmdge stored, in the case of -

nmenories, or read, in the case of read heads.
Menories made of magnetoresistive material, such as’

- Magnetic Random Access Menory (hereinafter referred
to as MRAM has FIBEDE®F THE RIVENTIONT come sone of the
shortcomngs associated within nenories currently in

" production today. Dynam c 25 Random Access Menory _
"(DRAM, Static Random Access I\/brmry (SRAM, and Fl ash
' -a,@gsthe thre? m nan es of nori es curreglg[ Yzl
myENHo atteﬁgg Ee“ﬁ‘ﬁ?ﬂ?% Of MemPEY, devices ¢ and, more pa _1_(:_19:_1 ,to-
---------- WD 2005/ 022653 PCT/ US2004/ 025832 uses an
the switrhdpg ehpnpcierishiay efentagay powmlti-leye meancbrmemereeds. has
its own advantages and 2 v FE B 2117

BACKGROUND OF THE INVENTION

In the past, a variety of magnetic materials and structures have been utilized to

form magnetoresistive materials for non-volatile memory elements, read/write heads for

 disk drives; and other magnetic type applications. Resistance changes due to relative

changes in the magnetic states of constituent magnetic regions within these structures

- allow information to be stored, in the case of memories, or read, in the case of read heads.

Memories made of magnetoresistive material, such as Magnetic Random Access Memory

(hereinafter referred to as MRAM) has the potential to overcome some of the

shortcomings associated within memories currently in production today. Dynamic
“Random Access Memofy (DRAM), Static Random Access Memory (SRAM), and Flash

* are the three dominant types of memories currently in use. Each of these memory devices
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storagp EAE SRRy W LIR30

walimadywast ages. SRAM has fast read and write gpeagsons/n25832
‘but it is volatile and requires large cell area. DRAM _
~ has -high density, but it is also-volatile and reqU|
uses ag elegitorde phasge plseore farmgen srterch haitsewver 3dvaniages and 2 FER ?@ﬁ?
: m tliseconds. This requirenent increases the

dlsadV@ﬂtﬁQése SRAMGas £t felakDRtiteGpeddh Gt taWdlatile irs ltafge
maj or nonvolatile menory device.in use today. FLASH

ot SRS SRE 0 SAIP A BB

irenments and. sl ow ram and erase t| _ '
? ??G%F FEUBHRER: firERasest G‘Amﬂ%@ of -
cycl es before. menory failure. In addition, to
the contegliveglranics aBlohSIB ixihd ataa)rmenmhtﬂ@memotbedetvﬁneak mes today.
" the gate oxide has to stay 10 above the threshold that

FLASHIUsey¢hagleatipp Qﬂntalﬂtﬁﬁh% Beide id)ESto s8¢ Mfitdatien FDASIHasks to
scaling trends as the potentl al to have the

S SRRSO BoR

or mance OVGI‘

- _SRAM wi hut t he olatili d avelrrprove
FLASQW% ARePL e 8“ ?&C&Pﬁiﬁh‘%@gwﬂﬁ:ﬁ eforgimenmry failure. In

menti oned above magnet of esistive devices and MRAM i n

_ addﬂltpva Fot inginkzé reagrinpblo data t8tenigi, Sredhickneshelithe gate osidetianty stay

from changes in the magnetization directions of

above G@thieklidl@ fHat allEB@ @éduon hameliss, Iﬂmstr&smmtg@maﬂ}rs tsedding

Typi cal |y, MRAM devi ces conprl se a magnetic layer:

: trends RESEMTBERG! SO 1L BRIHOR doffolehaEl siphifle | w1th01;f |

1 ayer, magneti c aye ree ayer ose

- neti z on, di rect on is ree to s bet n
the negf fop e @@&Bﬁ" by e romn s out AT CRAERh o,

of an oxi de (Tunneling nagnetor esi stance) or 20

 volatiliggreerd e ingrep vadtendurgnest cod ersits perfarsipncemyysk ERASTHRAM

architectures involve laying out the individua
nagnehsRdiabbvertagleeneidtive dbvitdiand MICARERPasticuldr rély on
crosspoint of nutually perpendicular current |ines.

resxstagﬂeqﬁﬁn fds Q@s%ltﬂig%nﬁ‘ Qﬁang?syhrih&l‘ﬂ ﬁ%ati@'ntcﬁ‘re&!i‘cﬁxs%f eBRHkuent

purpos I's mal to pr e the magnetic

magnefigFayirin e acHAl arel THO bR BB ot pyititebe

| ayer, within the elenent. In the 25 absence of these

 layer whose megnatisetiondjrretionistiier, the fised leww, end e ﬁ@gﬂ%:elawy@ﬁ

is stable. This is the 2 WD 2005/022653.
free lajETWhis200h &2l 82 direction is free to switch between two or more stable

directions separated by a spacer layer of an oxide (Tunneling magnetoresmtance) or

- conductor (Giant magnetoresistance). Typical MRAM architectures involve laying out the
- individual magnetoresistive elements at the intersection of a crosspoint of mutually
-perpendicular current lines. These lines need not be in contact with the element. Their

. purpose is mainly to provide the magnetic fields, by having current passed along their

length, to switch the magnetization direction of the free layer, within the element. In the

~ absence of these ﬁelds,_ the magnetization direction of the free layer is stable. This is the |
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w0R09s/885%32007  procedure by whi ch i nformat i 0”1)1:’?[[152004/023832 _
witten to the nenory. Reading information is

- typically acconplished by passi ng a smal | current 23 FER 2337

h N 0 t
procedult BY BHich HioBh YT Rty SR ety SO BISERARGE o o
an MRAM devi ce, it is required that the magneti c
tYPwﬂBké AeePTBlishsd bessinge sm%}}/ @%fécnb?l“%halﬁ‘-’r ‘%i?m@?t a§1:l é%ﬁ%@gﬁ’ée
very uniform This isrelated to the crosspoint ,
resistamce o 4 ieference restiricened above. The current |ines each
provi de enough current. ‘to produce approxi mately hal f

- Ofof e sHBQRGh! &petaﬁ%h df ﬁﬁmmietfeé it ﬁ%et{wu%a tﬁa@ﬂ?ermég%etw

alter its state, i.e. half the svmtchlng

- behaviiF 9P e TR ﬁi@?@%ﬁ"@ﬁm@lﬁs By POl 9*#%% ifgte

hal f fields conbine at the point._ of intersection of

crossppit efehiteqfyie @rantipnetbaboye Phoirigat nes gt Hrpeide cratgh sugent

that the el ements' free layer nagnetic state will
to prodinangproxdhdtelg bk iof thetrsagnatid field axquiryd fureheefrgoiapat to eltatits
nost approximately half the switching field. The

state, i"é‘ 'hBl?tHE‘ sftchihgtided, WRABHA Satd BNRYnOd h&QE ab Q@taﬁl‘é"cﬁ&&id?ﬂ}f the

d for twe array of bits is essential so that the

*magn%ﬁeta%tf’éfiﬁ%ﬁtg SR TR0 S0 AE bk B, Sk bR Fisfotonor

that the two half fields conbine to switch 15 all the

f the cupphidinp (o Riavide peRpeh field e do Hiat Hieghimentd VA iaigeBagnclifid

is theintention of the current application,

. state wilehafger Al dtheyhit\i the anmepae eapostd o etasostgpprorimately half the

variation in the switching field bit to bit. BRI EF
sthch@%m PThObhifdemitsn BRAVNGR V¥lhavidLod BE @@Rbﬂ]ﬂg fod for the

further and nore’specific objects and advantages of

wmay 15 AP SRARbLa0 PR LRI bl o Pl 508 80P
description of a preferred enbodl rrent t her.eof take i.n

unwargerhbif iQcpitsh igistate Qqq!em FdgditioByihaighey pw]pq%@@eldggombme o sw1tch

all the bits in the array.

It would be highly advantageous and is the intention of the current application,

therefore, to provide means of decreasing the variation in the switching field bit to bit..
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further and more specific objects and advantages of the instant

 invention will become readily apparent to those skilled in the art from the following
~ detailed description of a preferred embodiment thereof taken in conjunction with the

following drawings:
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“FIG 1 is an enlarged, sinplified side view of a
mul ti-layer magnetic menory cell, in accordance with

LI e b lado 8 shagi AEi ey bea REASRS: thiBKERS heMiory cell,
2 attached is a graph of the relative variation

- t nksotro Verses -a thlckness-
in acc&féa%es%%&% bl drlipfine P Bt RSB Y RRRER 11 C
. Fig. 3 |Ilustrates the relative varijation of the

W ertiagherdiien graph op therelptiedvappiian Qf@r@é@wal&wwness
of a si ngl e patterned nicklel iron cobalt (N FeCo) i
anisottopy eersedd Bickfiessof a smghxﬂullt nieke] nioa wolodlt @N: JEa@p)dayec,
- nenory cell used to experinentally neasure a magnetic

apllgssmﬁﬁem@ﬂl@ rBlati R PiadEh HRGE @&lk&mgﬁae bf ﬁmemed bits verses
variation of a rmgnetl c |layer s a graph

ool A A BB, O

versus thi ckness of a magnetic |ayer; and FIG 6 is a
1o signplidied vieyeokammpgnstin gerary eallj usad i5F cxpgEmentally
magnetic menory cell illustrated in FIG 1 for aspect
measuresd inagnetit: ahisotrapychntharrelati veemagimtid afifetrapytvaciaiidal ofad inagmstic
of material stack. 15 DETAI LED DESCRI PTI ON OF THE
layer; PREFERRED EMBODI MENT ~ Turn now to FIG 1, which:
‘Il'lustrates a sinpli f| ed sectl onal view of a scal abl e

t| on r
oS S S BRI f K TR Picull Bk R of e ﬁam e
ragnet or esj sti ve tunnel ing junction nenory cell
mmnswr?éw&egy BlusEypdBriong va%%lmoém@ss Pﬁame%#am %Ilds eed
| ayer 14 is positioned. Supporting substrate 12 may
bEG. H3s a graphnpf e relativeawitching wetiaion ©f Het magnetio mewmi ecell
and sem conductor control devices may then be forned

.iIIustraIt&Ei'iﬁqG-. 1 ﬁﬁ%@}t)éc@iﬁi'bs df1vioSarldQRRE Jer9h GHBRAT ddn¥nations of

substrate 12 aid in the formati on and operation of

matenﬁl@?acﬁce”a' ni ng Iayers of material. An anti

DETAILED DES CRIPTION OF THE PREFERRED EMBODIMENT

Turn ﬁOW to FIG. 1, which illustrates a'simp]iﬁed sectional view of a scalable

~ magnetoresistive tunneling junction memory cell 10 in accordance with the present

invention. The scalable magnetoresistive tunneling junction memory cell 10 includes a

supporting substrate 12 onto which a seed layer 14 is positioned. Supporting substrate 12

.. may be, for example, a semiconductor substrate or wafer and semiconductor control
devices may then be formed thereon. Seed layer 14 is formed on supporting substrate 12 to
aid in the formation and operation of the remaining layers of material. An anti-

ferromagnetic layer 16 is then positioned on seed layer 14 and includes, for example,

4
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 positiérdUnltBE hntiRGRB i foticTRER 16, Afﬁsﬁlﬁa%g egaﬁﬁﬁg fay@ners Phaced

@ condtBhive hEfHATRONGLIppbtX BlochB RIfSh 55 esvalﬁémucvagp,%sch

whos/ensssmagneti c | ayer 16 is then positi onedrOnVUSE®E/625832
- layer 14 and i ncl udes, for exanple, 4 WO 2005/022653

PCT/ US2004/ 025832 FEB 2007 al |l oys of manganese (Mh)
alloysepignangenase (Win) arlenne pf Ni,Wie, B, Rhamoombinktions thdrenfelyfwill be
- will be understood that seed layer 14 is optional and

underktBod fhat sedadayeni4 i@b@uﬁh@ﬁﬁ{ T ehb1edEa gl tienbfeted embodlment for.
i'llustrative. purposes Al so, the positioning of

| 1llustr§mr Vpelfr§(5§e9 %95‘ é]:lﬁrja ti%}{ﬁ)lg o} Qnt ?e&o?% gL&er Gy o or fabrication

con ence w't her 0SSi e comiguratli ons

avai |l abl e

A firs etic region 18 having a .
, CQHVEP@%GP W’athtmeﬁ‘ﬁ@m?f P@S‘ﬁ?mgg%g?ﬁra@@bﬂ% posi ti oned on

the anti -ferromagnetlc | ayer 16. A nonmagnetic-
s éplinstinagiptic aggion. Whavingpd medtint magretic stomengretorQ0 is
region 18 and a second magnetic regi on 24 having a

nonmagneti c separating |ayer 22 netic

xRN 20k i S B

netic tunnel junction that exhibits tunneling

. momegfgertar s patitipned OB FORAHFYC BPAMNE FEEF NATTHEREIG al

such .as copper. to produce a layered netallic structure -

. separafiig ddyer 2% barhet ssdigiectric makgabwhichdelstvanaea tubhelinig Hardie to

under st ood t hat nonmagnetic separating-layer 22 can

produ:td’ulinldgﬁbti&%ﬁﬂepjuﬁctid’ﬂﬁﬂét%khiﬁﬁs hRYiEH m@éﬂétdr&m%ﬁ@%r fmay be |
one layer for illustrative purposes.

a preferred
netic fieldis

nonent vec

ey . netic axi s, unl ess ficient
exhibi R D Novthe ErAIon CHCPPBRRBFUT Beparatins laer

CGeneral |y, anti-ferromagnetic layer = 16 is thick

. 22 candnolugh mudiple evletingiayers, put ischsws agore Isyea fiok iHostragive cel |

witing signals will not switch resultant magnetic

_ purpodg@nent vector 20. 20 In the preferred enbodi nment,

fi xed magnetic region 18 includes a synthetic anti -

f 8169 lofic 14 G I%Elha!n AT %ﬁeﬁ%&t& 2

tr|-Iayer truc ure "of an anl-ferroma neti

umdu?cgipﬁgbh%ﬁ%é) $ ﬁr%feg;g e%@é%%%g&vl\ncsg Iguf%cﬁ)a% ﬁﬂlggn%tw field is

supplied to overcOme the pinning action of layer 16. Generally, anti—ferromagnetic layer -

16 1s thick enough to insure that splirious signals and normal cell writing signals will not

- switch resultant magnetic moment vector 20.

In the preferred embodiment, fixed magnetic region 18 includes a synthetic anti-

ferromagnetic layer material which includes a tri-layer structure of an anti-ferromagnetic

. coupling spacer Iayer 28 sandwiched between a ferromagnetic layer 30 and a

ferromagnetic layer 32. However, it will be understood that magnetic region 18 can

includc_'a synthetic anti-ferromagnetic layer material other than a tri-layer structure and the

“use of a tri-layer structure in this embodiment is for illustrative purposes only. Further,

~ 5
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wof os/eregpnet i c | ayer 32. Howeve_r; it will be mogesmvoorss2

.that- magnetic region 18 can include a synthetic ,
0 3 or 1 - 23 FEB 2007

anti-ferromagnetic layer material. other than a
magneti¢ relgonel? ish fined ftremagtktichegiah nikdeingfthad tHelthadnali©moment
structure in this enbodinment is for illustrative - -

vectolUNARES3 132 ggééﬁcg 11‘1%5 %@a&%&g ﬁgds%g B8P3 moderate ang?dS ' \ :

PCT/ US2004/ 025 ghetic regron

a.fixed ferr t ion, ing that th
- magnflic haifiand Fpettis Yiedias (e tereronisg BYEr 30 and 32 are not

free to rotate in the presence of a noderate applied
ey et megidtie regiemdt inclydes Beynthetic st farsomapmeticlageranaserial
. | ayer. A free magnetic region. 24 includes a synthetic.
whicleimtluded NiferesrRgnetd laydrapar argah@ﬁérﬁime?gﬁeﬂdahy Botipisd, Wiezi\N
ferromagnetic layers that are anti-ferromagnetically |

o RSB AN oy L SOS POERI RSP S0

o two. e

- or-equal _ . !
N.is chosen to be equal to two so that

has an anti-ferromagnetic coupling spacer |ayer 34.
structarg sl nsdnigetifircomagnefeequpling spererdayea§4 sang@iched between a
' ferromagnetic | ayer -38. Ferromagnetic |ayers 36 and 38

R . '. ] '- 1 t , ] .
stmpliE P ho¥aP i oA PR bR BB TS P e

- ferroreambtid Rysredéent hifaknegaesc hoerBiF42omdoASMEE dy 86 Ynd 38 each

Further, anti- ferromagnetic coupling spacer |ayer 34

have th%h&%sésmmHQ%ﬁ;e%EcﬁHly.‘ﬁu%e@ Q?%ggr?érgﬁﬁ?rxg?% {:4@?111% Eﬁacer

synthetic anti - romagnetic
netic,regi 24 can jnclude other structures with a

tayer SF OB BiSTR el f e inad s Bhe st Sbirrompgniite

of a tri-layer. structure in this enbodinment is for
layered imafesial it mognepo rqgiedd canligcludethenstingiues withfa diffeteaty er

- stack of a ferromagnetic |layer/anti 15 ferromagnetic

numbeaf ferrargaghpieiayers eyt L sfN@idagdisGucture in this embodiment is

| ayer/anti-ferromagnetic coupling spacer
for ilhksB¥RVE HEPEREBAY CtdrCxhfYE! 2 HOU NEIAE R DydFanti-

equal %lgbt hr ee? ANt - e?%%ﬁyﬁ%%%ﬁagk?ggﬁ I ng g?%%hclg?'ér?anu

often j ncl ude.el enents, Ru,

remon Ao ORI e R sroEBRBT R A T Bg s e e |

“ferromagnetic layers 30, 32, 36, and 38 nost often

spacer; Inyeriiereompagnecslayt crfld beasedoavhersin Nasrpquabtoi thigs. t her eof .

20 Ferromagnetic layers 36 and 38 each have a magnetic
nniferramagnetic ddiphinglsph8er layers 28 and 34 most often include elements

- Ru, Os, Re, Cr, Rh, and Cu; or combinatiqns thereof. Further, ferromagnetic layers 30, 32,

36, and 38 most often include _alloys of Ni, Fe, Co, or combinations thereof,

Ferromagnetic layers 36 and 38 each have a magnetic moment vector 46 and 48, |
'respec_tively, that are usually held anti-parallel by coupling of anti- ferromagnetic coupling

- spacer layer 34. Also, magnetic region 24 has a resultant magnetic moment vector 26.

_When no magnetic field is applied, resultant magnetic moment vectors 20 and 26 are

‘oriented along a preferred anisotropy easy-axis. Further, magnetic region 24 is a free




\.,\:L

10

15

20

wo smperisvel y, that are usually held anti- par alcirafs2iio25832

- coupling of anti- ferrormghetl c coupling spacer |ayer 9 3 FEB 2007
34. Al'so, nmgnetic region 24 has a resultant -magnetic

: ferromagnetie regsen, Geamipg thayyeswltans megnptiethament séaor 26 ia ik tcettdﬂ;ate

resul tant magneti c nonment vectors. 20 and 26 are

in theopresenteesf zl ppiedmpgrefiefieR ani sotTopy easy-axis.

Further, magnetic region 24 is a free 6 - --- -

B e A L T

tayerdF30eanis 5ans 5 ind AL ke roon e e agHe Lyes

field. While anti-ferromagnetic coupling |ayers are

R could; e| apt tfersersagnisticaliy enuplid tHrewghartieey metmsuch ay mngnétostatic fields |

magnetic regions 18 and 24, it will be understood that

or otHehfeafuess! E’maﬁxblccfdr e tSred w(iﬂilél' fii'%lp&pect rat1o, the ferromagnetic -
~anti-ferromagnetically coupl ed through other neans

RIS B i RO B i

aral |l el coupl ed from

s ORI B o5 i S S0 e o

nonmagnetic spacer |ayer that breaks the ferromagnetl c

sufﬁcg.)ﬁcpmﬁ@g iy thepeefprr¢ hgrebadiment], the sdfatent EerroHmgeetir layarnareaati-
preferred enmbodi ment, the adjacent ferromagnetic

| ferrorh@gneﬁcfa}lg iceupddt by éhﬂd\ﬁ/ﬁhi‘r@'&ﬁn RirlofAkhalices i@%ﬁﬁnal between

sandw ching anti- ferromagneti c coupl I ng rrat eri al

‘each ﬁﬁc@ﬁ%@ﬁ?@@%@%&ﬁ BAL a fa{%ﬁa {1# & ?ﬁ%ye%c an ?rmma;gnetlc

advant age o g a syn erromagne

r i al aral |l el coupl i ng of
layer ’i"ﬁ‘é %gﬁ@? p’E rPé‘?‘?ile &‘P %O%L%G’gﬁ'ieélcéth"%%O’fsrPé?ﬁeﬂts a
- formng at a given thickness where a vortex would be.
voriex %@ﬁé@mﬂg eish gigerethisknesis avheteay eoriex Meoukdibe foemed ifusinga single
fabrication of scal able nagnetoresistive tunneling

layer.j uncti on nmenory ceII 10, each succeeding layer (i.e

14, 16, 30, etc.) is deposited or otherwse forned in

SPAER Ghirfal ‘ilaﬂfﬁ & sl:alﬁ?ﬁé%ga &Bfe@ﬁfiv@t}im?e%@gﬁc\ﬁ%n memory

dep05|t|on phot ol 1 t hograp proceSS|ng,

cell 1(? %gh SYSeEg g%g? Ye’hgﬁs f g%né(g tcs) gﬁlc\)”;lté ortolg}?emlse formed in

sequence and each cell may be defined by selective deposition, photolithography

processing, efching, etc. in any of the techniques known in the semiconductor industry.

“During deposition of at least the ferromagnetic layers 36 and 38, a magnetic field is

- provided to set an easy magnetic axis for these layers (induced anisotropy). This

anisotropy axis can also be set subsequent to deposition by annealing in the presence of a

_ 'mag_nctic field.

The structure of magnetic region 24 substantially impacts the variation in the

. sw1tch1ng for an array of MRAM devices. In the preferred embodiment, to minimize the

 variation in the switching field ng the magneuc layer (i.e. layer'l 1) in magnenc regmn

7
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- 36 and 38, a magnetic field is 20 provided to set an 3
- easy magnetic axis for these |ayers (induced 22 FEB 2{]87

24 adjageint tnopmpgnetiTispacer sagiaciZrie fymms keshavars thickeesp gregiet than

subsequent to deposition by annealing in the presence

 Iayer 38 and in BRGBE oF 401 1ot 20 TRC AShICKG 1AYeR 36 had WA Bitind t6 €71 ON

24 substantially inpacts the variation |n t he

PN M L e,

n|

equalfrhe SW@“"M] fi eI t%P T‘fe the e;ﬁwﬁtl C #%gg@t'theswmhmg

PCT/ US2004/ 025832 FEB 2007 24 adj acent to .nonmagnetic

~ variatiop af the etesgpintsrwitlfin iflee drogyieinpactel by ¢heaquplityol lesmagnetat er-

than layer 38 and in the range of 40 Ato 120 AL A

- ;ﬁatenmhﬁiﬁﬂyd %:\éﬁéd SPHRIBnRESE Qspchiing layet 0N Thezarakd, the

magnetl c propert| es of layer 36 so t hat

1£ey the rLaJ %L{aglw cﬁgg elggﬁ‘ nﬂ?‘?ljﬁﬁeacée%table

i npr ove t

cssence ’of pﬁsc‘ Pﬁ@rﬁﬁﬁ& bt

...1

o BB S P 5T STt

initially dep03| ted on the nonmagneti c separating

* SAF stragietes pevideraediatios in thedormesion of magietizhiion yatics{whae ths

optim ze the material quality of layer 36, and retain

magnelGARM @RbGon BWot GiihA8l K B ALiPidE WaP td¥oniBking gwlenins

36 part of a SAP structure. As nentioned above SAF
ﬁeld @erﬁﬁ{eﬂ@? esﬁ[‘a‘ﬁé’ﬂt BshE _t| on in the formation of

nmagneti zat1on vor I cés ere the 10 rragnetl zat| on
di rect s not uni axi al but clrc | a
- cont gg%ﬁ%lemnﬁg e magpqlig qualify o E@ﬁal rént

No. 6,531,723. A significant degradation in the
starhngfagﬁh@ﬁm@seﬁjwﬂqw ypmbximatpieo 4 th 40 ér (36 HG. Dechhis can be seen
starting at thicknesses bel ow approximtely 50 Ato 60

by an fcle@Ran HeGelaBlye vation 0ftheliRtrif € matddal aiisdifply @dHRalizod to
the relative variation of the intrinsic materi al

y
the meihSROGRRY HADHIE biAadh él%%f?ﬂ%s& R AR fetorrea
.preferr.ed. aX|a tization
stable H‘?’P’é‘gl[’?l%?enﬁ@“ré@ﬁﬁl% e gRopitudedh the ﬁ‘i"’ﬁ‘ig]“’i‘% fisld Hep for an
f
unbalangerd f?er:a r_nagnetic region is controlled in part by the intrinsic an;sotropy (See

. United States Patent No. 6,531,723), and a larger variation in the infrinsic anisotropy will

directly result from the increase in the variation of the magnetic switching field Hy, for

patterned MRAM devices. Illustrated in FIG. 2 is the relative variation of the intrinisic
material anisotropy measured for vatious thicknesses 40 within a range approximately
from 20 A to 60 A for magnetic layer 36 deposited in a magnetic field on an aluminum

oxide layer 22 and annealed in a magnetic field at 250 °C for 30 minutes. As shown, the '

relative variation of the intrinsic anisotropy decreases for thicker magnetic layers which
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~ wondpHrasided free magnetic régi on is controll eECT/ﬂSmmzassz
~ by the intrinsic anisotropy (See United States Patent,

.~ No. 6,531,723), and a larger variation in the - 3FE32397
 illustepigs thahmpenesia mEmOrB YIS @RV with teickarynagaetin layars pesitioned
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field at 250 C for 30 minutes. As shown, the. relatlve-

- magnetigryer(ion tieknessel4 aquals wetoond fsiorssR eqtalorem) osrstior

thi cker magnetic | ayers which 8 WO 2005/ 022653

thicknRETI US04 52 5882balnBodpde RS0 ckdl kibh st (@BFé(tt@tgfown on
. magnetic nmenory cells grown wi th thicker magnetic

| an aluhﬁﬂ(lﬁﬁ%xﬂgiﬁlbﬁlh gflc ?%hé‘ﬁ%ﬂ-& 20 Qﬁz@gﬁkﬂ&ﬁ?@&f ﬁle%%%ﬁfs are
oved magne 3

Ion w tirc propettires
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for an array of patterned magnetic el enments havin

* there igiamginisnym éeibs refalieetaristiomgfahe gwitdiing feldkwishin thaawgual s

zero and thickness 42 equals ;ero) verses: thickness
beginifig i pptaayitelyidog. |Gryster e HYA aberdaBd vafiationCik ebnstane with
cobalt (N FeCo) grown on an aI um num oxi de '

th:clm@&@é@ﬁﬂ@ b€ aSRAERE bl FUBLRS i ip m APe %15&@2%&5‘“ Bit?-ﬁp-gft thdee |

el enents are aspec ratio |pse S
can be seen

. ' 0. 45 Fig. 3,...
scale Wil I8 iRige i et Ericrr 0 e gn rpaeat oo atiation

swtching fields within the array 10 begi nning at

with dapyprsen thiskassy. Abis belgréenie Aus tedhe dagedatipe i wisriplquality

variation is constant with thickness because it is.

- showmlafignat 2d Thy pyarrhagnednpropartishelithe thin Sapidie)afdr directly

bit-to-bit that scale wth the increasing nonent.

1ncrea%|tﬁé’\_ﬁlﬂ;§}étﬁ: Q@ft&nh £i88 vaR&H e MT@ éﬁde\f another in the

variation wth décreasing thickness. 'S aV| or Is

aray AR AR tﬂé‘v?ﬁﬁgi%dat °”%‘sr?4>% bR ﬂaersgﬁlﬁﬂefpﬁomness%

. magnetic_ layer directly 15 increases the nagnetic
making JgyPE 4 Féekerf with boiar rRa iR ‘:W%Wbﬂ@ efffetivetioupieag thy whole

another in the
stack_ thinner by anti-ferromagnetically coupling layer 38 to 36. The preferred

embodiment has the material quality of a thick layer but the shape contribution and lack of

vortex formation of a thin. layer.

Turn now to FIG. 4 which illustrates a Iﬁagnetic memory cell 50 used to

experimentally measure a magnetic anisotropy and a relative magnetic anisotropy

| variation of SAF layers 72. In-a preferred embodiment, cell 50 includes a conductive layer
~ 52. An insulator layer 54 is positioned on conductive layer 52 and a magnetic layer 56

with _.é thickness 58 is positioned on insulator Iayef 54. An anti—ferfomagncti_c spacer layer

S
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'+ addresses these shortcom ngs by nmaking |ayer 36 2
- thicker with better material quality while effectively
60 withekihinkneds 62whpdsitionsd an knaghétivrieyer 5 and a magnetic layer 64 with a
anti-ferromagnetical ly coupling |ayer 38 to 36. The:

thickr@é%@fsr sitieReIQs s{%ﬁ%&lﬁ@?é@ heurtiRE, 8 'u%lula%%d}e? Esfpﬁltlon%d

t hi ck I ayer but shape contri’bution an

on i ey R TR £ R Ao L B SHon TR REHE,

§ ecifia granple canfucsive biyprs S2and 40 irphudsitagalnm Gppud

' eﬁfgélnentally measure a magnetic ani sotropy and a
' In a preferred enbodi nent,. cell 50 includes a

‘insulab:miawcst §dvemnd @ymlu&ezalummmﬂ@uﬂam()).l Bindtier 54 this specific

positioned on conductive layer 52 and a magnetic |ayer

: cxamfi, BB Dydes S0 R BRI kPR U el PRYP

ayer . anti-ferromagnetic s

‘ 0226 P /U82004/0 832 B 2007 60 th. a
'mcl.“%z RS R e e e A e e%;%?owvgawﬂa

netic |ayer 64 with a thickness 66 is positioned on

) coupl%q@ Wil beyndersyepd thtthcvapterial inohuletl dn byets #3034, 66, 60 64, 68,

positioned on magnetic-layer 64 and a conductive
and 70 afibis specifiseymsilé merhoseqfod siaplictyendleagsast dBussioh bhi s
speci fic exanple, conductive layers 52 and 70 incl ude

illustrkt® @tr@a%ﬂﬁ)reﬁﬂ%nd%at bﬂéﬂh@feﬁﬁls cd ﬁrb% cﬁéseﬂn d 68

i ncl ude al'um num oxi d Furt inth

S netj.c, |l a and 4 |nclud
Rk plefors Byl v 3 éPg' g‘é rigpgagnctically
rut heni um (Ru) wherein magnetic |ayers 56 and 64 are
coupledihy spaest layrag(h e wayeryit wilbbawnsigrstaod thatimagpetic lagiess S6 aad 64
that the materials included in layers 52, 54, 56, 60,

.can beanagigBeallyanuplzd tiobughhitiser spaas. f Fethex 281 156 ivilRsteheaban

for simplicity and ease of discussion to 10 illustrate

: Vlncludﬁlg*m%ﬁc’ﬁﬂﬁ‘cmayé@ g faya @6%13'64?1‘0? SimpiRitf bhdb e 6P HELb®n

chosen. In the prefefred enbodi nent,” magnetic layers

to shoé%@&&; ﬁﬁeﬂfa?g%& | -feEromagnetl cally coupled by

ayer it wll be understood that

netic Iaéers 56 and 64 can be magnetical |y coupl ed
t HEGH BiHEr o Hiichdlustigies peraphed pirelgive magnetig gnisatreny

vanatmn of the SAF structure 72 verses thickness 66 as 1Hustrated in FIG. 4. In this

 illustration, thickness 66 is varied from approximately 20 A to 120 A wherein thickness :
58 is approximately 40 A. As shown, the relative magnetic anisotropy variation is l

, approkimately constant as a function o.f thié]meés 66. This result indicates that the
..varla_tion depends substantially on thickness 58 (See FIG. 2) adjacent to tunneling barrier

 junction 54 and is independent of subsequent layers magnetic grown thereon (i.e. layer

64).

Turn now to FIG. 6 which illustrates the measured improvement of the switching

distribution width (sigma) of patterned bits by depositing the thick layers of an unbalanced -

- 10




WQ /Mg two magnetic layers (i.e. |ayers 5B8CENG204925832
_ “for sinplicity and ease of discussion 15 to show t h'e;,‘3 7 FEB M7
SAR xﬁ;‘gerl ment a& _nmeasurepent. Turn nowto FIG 5 which =~
s ISt gu fhedrpne! Bargerdy Showa in §1GG e ratmefct vasiation fuartkipy
-~ variation of the SAF structure 72 verses thickness 66
.- . magngtc layei3k grave dn athiel Gagektic layet B dividel by stvatdbdeino a thick
~~+ thickness 66 is varied fromapproxi mtely 20 Ato 120
- ma é&%@é@&@b@h 6lf BEEA magfeticIa P BE 9¥ b ARLAbY oﬂtﬂeg}ipgﬁﬁ'erl <

shown, the relative nmagnetic ani sotropy varl

i ' nst ant a function.of thickness
. thmk%"és ﬁ#%lﬁgﬁ? ggitﬁ%b%lt ﬁagﬁo aatngé ‘%ﬁ%ﬁﬂ SI"W?%% Pf At ﬁ"%e pends
. _substantially on thickness 58 (See FIG 2) adjacent to.
5 moleromptere| Forgraaple; arthinperdayer in24inceeasesifiom haldgeddeythahtio of
: subsequent | ayers nmagnetic grown thereon (i.e. |ayer :
- the sigmys frdmmepositingtthe fhidBlayer firdt oh thd dubisd! bakes 22 REdFBaELE 8@ -
" inprovenent of the switching - 25 distribution w dth

thin 1458t 8fbn 0f ireAel RTRAS L ARl AFRAPIS M oldaG: UBIAC he

['ayers of an unbal an

war : B 2 tB2007 SAP first aon the tunnel
ey "aﬁatgﬁﬁ“‘éqﬁg‘%‘{‘%ﬁﬁ%ﬁ f‘? Cﬁff‘a Agnyi 43 Pé’ﬂtf%@@w%ﬂ%gmlaﬁr &th
A A ' for a thin nagnetic |layer 38 grown on a thick -~ .
good materiak qualify gpethe tignelibairiss @2 b Fhis resultiindicages thét far thidkoksses
' magnetic |ayer 38 grown on a thin magnetic |ayer 36 as
10 belowaappraxirnately S0A thieartatibnmid dyewitching GKiddssa SfayasT eRimeals is
- of aspect ratio 2 and 3 ellipse shaped bits of w dth ,
reducddl Wherbhat ' : ;biAN '
BUARIRYES %%E;%ﬁ?@@gpkﬁmﬁﬂgn&@ 2 artoY Plankh and

24 increases from ratio o
i iLting the thick |ayer..first, on the .
modiffaBiiRo HUMBAREAL Achen bGeh MrPlendes oniindeRliph il Regiy
' on. 22 i[lfre'ases fromapproxi mately 0.6 at 15 Ato 0.95
occur 1o thse skitleg i the\agy Fgr pxmanls- thickneanisane et fopnpreving dit
' by as much as 40% by depositing the layer with good
matenn’éq@:tyalm qdrdition improvedheatesial meblity@aen beobtaded fibisddpesitbh of
i ndi cates that for thicknesses 10 bel ow approxi mately

15  an am&Phodshgloyaitipbd OMFBE0RE i\ 658 GirhbFbAridOTA 18 nAleliay

of elenents is reduced when the thicker layer.is
e R P OB il S e P R
that sug:lg)]rnolgllﬁcgt?osnessang fvaiiizlntgogss Elcr) g(t)ti d%BaQ’t“ ;?1rlo|1n tElS 2312'1'1: gf the invention, they
are intended to be inclpded within the scope thereof which is assessed only by a fair
~ interpretation of the following cléims. |

‘ .2_0 - Having fully described the invention in such clear and concise terms as to enable

those skilled in the att {0 undel_rstand_ and practice the same, the invention claimed is:
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- occur to those skilled in the art. For exanple, -
thi ckness is one nethod for inproving the nateri al"gg FER 7045

qual ¢t4IM$ n addition inpr oved nateri al qual ity can e
obt ai ned from deposition of 15 an anorphous alloy,
such as CoFeB al l-oys, on top of the tunnel barrier.

“Al'so terial I It an _be inproved through high -
t enper at uré%ﬂﬂggaf %Hq@?ﬁa&%‘? emery deKigecSopRImE:
that suehindmeiid skl efon It Vakfat.lapgs do not depart

- fromthe spirit of the invention, they. ‘are intended - _
. to be?iffeel magngtiniregion Hohélosecbpéjatdnertedhe whifade 0 the nonmagnetic

a fair retation of the |
%%?‘?&vﬁng’ c‘%é?n%‘a%lcl—ﬁg}%bu f‘lﬁlﬁ) 1% described the
| nvens fits miafn@iédlyedd BAinENHr<6 HAKnSS; k@] "™ as to enabl e
- those skilled in the art to understand-and practl ce

the sasRsond magneiigdaer @ﬂsx@p@dwémce@ to the TODAIRRER PafEBgion, the

evi ce, a nonmagne
gﬂﬂéﬁ@ﬂﬂﬂﬂdﬁﬂﬂhﬁkﬁﬁsnagnet|c reglon posi ti oned
~adj acent to ‘the surface of the nonmagnetic spacer

regi.on, the free magnetic region including: a first :
magneiic | t 0

magnet o |‘ayEree a2 tlaniedil Lamh 1 MhAHRE el st ?a?fer s an
- asmgphousmeagnets altdye second magnetic | ayer having a _
second thickness that is greater than about 40 A and
al'so greater than the first thickness. 2. A device as
- claimed i mababdnd clm%rthrblatl{lel %ﬁ&@ﬂﬁhmg Helohieti@¥eBlon includes
- i's an_ anorphous nmagnetic al . devi ce "as

ag|aafirfedoinagnetiaconplingtsprast iaytahe fr ee magnet ic region

includes an anti-ferromagnetic. coupling spacer |ayer.

4. A device as clained in claim3 wherein the

ant i <4 er r oegvied ke claaed hﬂglamfﬁ B&Qﬁ‘éreﬂ&h@ %ilﬁ-lfeﬂr&ﬁ%ﬂéﬁé couphng
~at | east one_of copper (CM%. ilver

spien malFral dagtydes A o ézmper E(Fiénslm «Re), ,gOctxt fmw)mchrommm
: (CF}B}utthﬁlL‘ﬁl@Rﬁbn}}{eghﬂn (@309&11%{1%11((8@9 ’tltfR1|1 at I(f%,-nf{hodlum (Rh), platinum

(Pt), palladlum (Pd), and alloys thereof.

i 991%1 mglgneﬁc 'H[&Jeg ha\ﬁh;?a %ECOWHltBlI l gt 15 C%?a Ié.g%neb%t Xi)] Aaand also: |

5. A device as claimed in claim 1 wherein the free magnetic region includes
at least one of nickel (Ni), iron (Fe), cobalt (Co), manganese (Mn), combinations thereof,

- and alloys thereof.
. 6. A device as claimed in claim 1 wherein the free magnetic region includes -
-a synthetic anti—ferromagnetic material region including N ferroinagnetic layers which are

anti-ferromagnetically coupled where N is a whole number greater than or equal to two.

7. A device as claimed in claim 6 wherein each of the N ferromagnetic layers

is anti-ferromagnetically coupled by sandwiching a layer of an anti-ferromagnetic

{2
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~wherein the second t

(Pt), palladium(Pd), ‘and alloys thereof. 5. A device-
as clainmed in claim| wherein the free nmagnetic '-r'egbog FER 2007

., i'ncludes at |east one of nickel (N), iron (Fe),

cobalt (Co), manganese (M), combinations thereof,

and alloys thereof. 6. A device as clained in cla|n11

wher.ei n the free magneti¢ region -incl udes a-s nt.het'i ¢

ﬁmg ngigHRl ghrdvren Faghepdiagent deramagneies daviendn e N forromagnetic
ﬁg&gonagnetlc | ayers .which are anti-ferromagnetically =
coupl ed where N is a whole nunber greater than or

equal to two. 7. A device as clained in cIa|m6

V\',here$n each. of. the gnetl c_layers

f
anti-ferr 6%‘&‘? &%uq[l\l%%mg‘i[ig ity SRek @hflﬁ‘%jji anaga&;t@r region is
ﬂfsﬂﬁiﬂe@ﬁ&_]hcé‘nﬂcf DIRGAE LU Eace S21R n?er F%l’étlggé cer Po%l ing

mat eri al "bet ween -each adj] acent magn ayer in

‘the N ferrorragnetl c | ayers 8 A deV| ce as cI aimed in
'_chJ@I'mm rein a fixed @? |on i s positioned
~ adj aceént 't V§§é§ﬁﬂ“§ﬁﬂﬂ5& L

- inelgil@nat [Bast And ¥ a@ﬁnﬁ%nﬁbﬁﬂ@?ﬁl@)n aﬁﬁxﬁh@fx]mﬁ‘ﬁ@r(ﬁlﬁ ), tifon oxide’

%ﬁbﬁ@%{l@e@b SRASET region

-nonnagneti ¢ spacer region includes at .| east one
&I num oxi de (A'O, aluninumnitride (ALN), silicon"

‘oxide (SiO. 10. A device as clainmed in claim1

wherei n 't he nonmagnetic spacer is a conductive
rrat erlital maiwﬁew éfhinkedafi clane IOfWhGR:E}P%Ee ﬁ@tﬁmgnetw spacer is a

: own m Lver (A and gol d
.cag ¢ R ingiing o hesohors Gharern(@ecbriing (N1, silver (Ag),

?etl c layers  of the synthetic
| -fer omagnetic material region that is positioned
adjacent to the surface of the nonmagnetic spacer is
ﬁ ag t hi ck s a y of .the other N ferronmagnetic
| aye fle Vd?ﬁﬁ?r‘f HR ckm orehgrein gre of they N dersemegnietic layers

oFBhE sy Athetic GhiRferrchda Sy
fvﬁﬂl T %111’3% fnesgr%ll §§¥1glsl§h{feg nﬂ:&lt%n%ﬁ adj"acent to the
surface of the nonmagnetic spacer is at least as thick as any of the other N ferromagnetlc

layers which comprise the synthetlc antl—ferromagnetw material region.

12, A device as claimed in claim 1 whereln the second th1ckness is less than

approxmlately 120 A.

13. A method of fabricating a plurality of magnetic memory devices with a

- magnetic switching field variation, the method of fabricating each magnetic memory

device in the plurahty of magnetic memory devices compnsmg the steps of:

prov1dmg a nonmagne’uc spacer region with a surface aﬂd—aﬁ—eﬁaesed

sarface; and

positioning a free magnetic region, the free magnetic region being
positioned on the surface of the nonmagnpetic spacer region wherein the free magnetic
region includes a plurality of magnetic layers and wherein a magnetic layer in the

plurality of magnetic layers positioned adjacent to the nonmagnetic spacer region has a.

13




L positioned on t

approximately 120 A 13. A method of fabricating a
plurality of rmgnetl c nmenory devices with a nmagnetic
, switching field variation, the nmethod of fabricating 23 FER 2007
- each magnetic nenory devi ce in the plurality of
magnetic nenDry devi ces conprising the steps of:
<~ Rprovidin rmgnetl c spacer region with a surface

g‘h %Pg’ﬁ g %1 thany g thidkarssi ehitirg meghetiselayers subsequenﬂy

r n..-bei ng N

%%&Bér@oﬂ ﬁ)gdb(?zﬂﬂ éttdgﬁlr‘éc ﬁ%ﬂ%@%\ﬁﬁéhﬁl&%ﬁn%d%e Ial?[%lonSpacer ..

~regi-on wherein the free magnetic region includes a
ers and wherein a magnetic

pluraljty et _
N a_yeai %\em”ﬂa%ﬂragm?we fn gl dsi ehereipahe thidaiess ofibg magnetic
R ﬂfon&@a@lﬁ '

%é&’%’%m AAandd @ifmt bS8 e RIS plyale? of ragreric
© - layre lnerssten thanhabounidhet ifor ¢aahen@nsmxbmmbyice @1 ehwnplurality of
' 159 reon to oﬁta n a desired magnetic smntchlng field:

- NS MO 4V S et hod as claimed iniclaim 13 wherein

t he thickness of the: rmgnet ic | ayer positioned

adj acent to the . nonmagnetic spacer region in the -
' plur %ty dimethigdersi daimedyir slaim b ewehewmttharfrabmagne‘m region

: Gl @s aﬁ%ﬁﬁ ORI %ne%cgg%p1 ggg'%r ey the plurality of

‘magnet i c MERDry thod as claimed in
claim13 V\,herel n the free nmagnetic region includes an

ant i -ferronagnetl c coupling spacer |ayer. 16. A nethod
as cll& med* methadasplaimedfne Imlﬁh@em thefaatirforramagisitic coupling -

sgé(}!gggia@%al Sfm&cﬁ{ A a%{agx?é of Qcpléalél?ga)t) 5 “elrg%fgb ?c% géxbl) chromium
(€t Helmngum ((Ru), rhenieni(Re), oRajum @3)] titahiGLs)T; c? hddath l{rth) platinum

hopapii§iabdahosdtbenl ot noa as €1 ai med i ol & m

13 wherein the free magnetic region includes at |east
- one-of nickel (Ni), iron (Fe), cobalt (Co), and alloys
~therddf. A method as claimed in claim 13 wherein the free magnetic region

- .includes at least one of nickel (Ni), iron (Fe), cobalt (Co), and allojrs thereof.

7 _18. A method as claimed in claim 13 wherein the free magnetic region
includes a synthetic anti-ferromagnetic material layer that includes N ferromagnetic
- layers which are anti-ferromagnetically coupled where N is a whole number greater than

or equal to two.

19. A method as claimed in claim 18 wherein each of the N ferromagnetic
) layer is anti-ferromagnetically coupled by sandwiching a layer of an anti- ferromagnetic
‘coupling material betw_ef;n each adjacent ferromagnetic layer in the N ferromagnetic

layers. -
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18. A. nethod as clained in claimi13 wherein the free
magnetic region .includes a synthetic . _
. anti-ferromagnetic material layer that-includes N 2 q FER 2007
- ferronmagnetic layers which are anti-ferromagneti.cal : o

coupl ed, where N is a whole nunber greater than or

- | t 9, A net ] '
\?mqg?el é}oea}(%ﬁm% o4 A% Cl%%?egrlp& ol aﬁgﬁ nl.yﬁm%'gﬁ?: step of prov1d1ng a
fxdd nfaghétRnBget | @s@ﬂléﬂédcﬁb’éﬂeﬁﬁtcbﬂles ?é?:@i’iﬁl %mfg%eﬁf lﬂ?eyﬁfinmaglletlc ,_ |

of an antr-ferronagnetlc coupling materi al tween

- PaeH ra@PBcent ferromagnetic layer in the N
~ferromagnetic layers. 2 3 FEB 2007 -20. A net hod as

clainmed in claim13 further |nclud|ng t he step of _

provizii.ng a fiethed aseBngid b dgiel 09 iR IRIRHAGARBhcer region -
éhe second surface of the nonmagnetic spacer -

lpglﬂ onat Isgst one P t3hERIngEL exide CALD). mluhiaimm nigidehE@vl), rsilicon oxide
e nonmagnetic spacer region includes at Ieast one |

~of" al um num oxi de (AIO) alum num ni tride (AlN)

:SI|ICOI’1 oxide (Si). 22. Anmethod as claimed inclaim
13 re| n, t he neti¢c spacer is . a. conductive
mat 2’2 H:héi‘?}]&ﬁ’q? 1%@ 8t CiHB 16F Whersiethe (romymagnetic spacer is a
- cehd vy 'Hl&(t@ia)l’méhélﬂﬂg at ﬁé%gl) one 91?‘90;93%{ gc&f‘lé?lromém (Cr), silver (Ag),
and gold (Au).




