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35 The asymmetric san "hard | ayer" that
st ores dat acrevnldtila memory devices include read only memory (ROM) progtammable read only memory

(PROM), erasable PROM (EPROM), electrically erasable PROM (EEPROM), flash memory, and
the like. Disadvantageously, conventional nonvolatile memories are relatively large, slow, and
25 expensive. Further, conventional nonvolatile memories are relatively limited in write cycle capability
and typically can only be programmed to store data about 10,000 times in a particular memory
iocation. This prevents a conventional non-volatile memory device, such as a flash memory device,

from being used as general purpose memory. _
An alternative memory device is known as magnetoresistive random access memory
30 (MRAM). An MRAM device uses magnetic orientations to retain data in its memory cells.
Advantageously, MRAM devices are relatively fast, are nonvolatile, consume relatively little power,
and do not suffer from a write cycle limitation. A pseudo spin valve (PSV) MRAM device uses an
asymmetric sandwich of the ferromagnetic layers and metallic layer as a memory cell, and the

 ferromagnetic layers do not switch at the same time. '

35 The asymmetric sandwich of a PSV MRAM includes a “hard layer” that stores data and a
“soﬁ layer” that switches or flips to allow data io be stored and read in the hard layer. When



"soft layer" that switches or flips to allow data to be stored and read in
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One embodiment of the invention includes an antiferromagnetically stabilized pseudo spin
valve (ASPSV) in a magnetic random access memory (MRAM). The ASPSV includes a hard layer
of ferromagnetic material, a soft layer of ferromagnetic material, a spacer layer of non-ferromagnetic
material disposed between the hard layer and the soft layer; and an antiferromagnetic layer disposed

30 adjacent to the soft layer. The antiferromagnetic layer should also be disposed on a side of the soft
layer that is opposite to the hard layer. The antiferromagnetic layer can be formed from an alloy of
manganese, such as from ferro manganese (FeMn).

Another embodiment of the invention inclndes an antiferromagnetically stabilized pseudo

~ spin valve (ASPSV) in a magnetic random access memory (MRAM) with an AFM interlayer. The
35 ASPSV includes a hard layer of ferromagnetic material adapted to store data in a magnetic
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J Figure 2 is a schematic top-down view illustrating an array of GMR. cells.
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Figure 3 illustrates a GMR cell in a pseudo spin valve (PSV) mode.
Figure 4 is a cross-sectional view of a magnetoresistive stack for an antiferromagnetically
25 . stabilized pseudo spin valve (ASPSV) according to an embodiment of the invention.
Figure 5 is a cross-sectional view of a magnetoresistive stack for an ASPSV according to
another embodiment of the mvention.
Figure 6 is an R-H plot of an ASPSV illustrating thresholds for writing data when the
ASPSYV is not selected. '
30 Figure 7 is an R-H plot of an. ASPSV for a write operation, where the ASPSV is subjected to
the presence of a digital field.
Figure 8 is an R-H plot of an ASPSV illustrating thresholds for writing data when the
ASPSV is selected. '
: ' Figure 9 is an R-H plot of an ASPSV illustrating thresholds for reading data when the
35  ASPSV is not selected. '
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larger resistance exhibits a larger voltage drop with the current than a cell with a smaller resistance.
25 Figure 2 is a schematic top-down view illustrating an array 200 of GMR cells. A plurality
of cells are arranged info the array 200 in a memory device. The array 200 of cells includes a
plurality of word lines 202 and a plurality of bit lines 204. An individual cell within the array 200 is
selected by applying current through the corresponding word line and the corresponding bit line.
Data is not stored or read in a cell where current flows through only one of the cell’s word line or bit

30 line.

Figure 3 illustrates 2a GMR cell 300 in a psendo spin valve (PSV) mode. The GMR cell 300
includes a word line 302 and a bit line 304. The bit line 304 of the GMR cell 300, which is also
- known as a sense line, further includes a GMR stack including a first magnetic layer 306, a
conductive layer 308, and a second magnetic Iayer 310. The first magnetic layer 306 and the second
35  magnetic layer 310 ate mismatched so that the first magnetic layer 306 is magnetically “softer” than
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for the magnetoresistive stack 400 will be described later in connection with Figures 6 through 10.

Although the magnetoresistive stack 400 is shown with barrier or cap layers and with extra

. interlayers, it will be understood by one of ordinary skill in the art that embodiments of the invention

mchude those without all the Jayers described herein. For example, barrier layers can be selected

30 depending on the fabrication processes used and on_the composition of the substrate assembly,
insulating layers, conductors, and the magnetoresistive materials themselves.

The illustrated magnetoresistive stack 400 includes an underfayer 402, a hard layer 404, a
first interlayer 406, a spacer layer 408, a second interlayer 410, a soft layer 412, an
antiferromagnetic (AFM) layer 414, a first cap layer 416, and a second cap layer 418. The

35  underlayer 402 or seeding layer provides adhesion between an underlying layer in the substrate and
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GWR cell 300 to be retrieved. Figure 4 illustrates a cross-sectional. view
of a magnetoresistive stack 400 for an 25 antiferromagnefi cal [0 dup2008ed
PSV cel | X¥Q8HAY to an enbodi nent of the invention. TestPGEYH08293for the
magnet oresi stive stack 400 will be described later in _connection with

Fi gures 6 tisheddeyen 604 byareviéngjiextaredo fhagiae ofhe snderlpxres 4¢3 eraialsaprrisctageishific
with barri C - ay | t ' ino veMshdh Rea sifi
under st ood%@%ﬁe@#@r%%&ﬁﬂgﬁ*‘?hﬁ I%y%re 4%?%@%%2%{&2%%%%15& s of atshecmjL
i nvention sibsghtade) virese ofvineladals cal be tded firathe nsdedaye 40Bedn toae enbedirmyf, the
exanpl e, barri.er |ayers ¢ be sel ec d nd] f ' '

o ocbsses. dusiien 0L R bl st shERRNTEL O dSRERY S8 3R bl Uen i Gtk
i nsul at 5 ng 4bRyehde titamel (T rathenivml (Rd)enided) ivef olvemivat (NiEeCr)xpindrthmtilem nitride

t hensel ves. _The il ustrat magnet oresi sti ve stack.400 ingl udes,an

under | ayer (B89, Tge E}aYeégg% caﬂg’&, o e‘?f“’l ars'é'f’adi Iﬁ’fg&"% "’SﬂeﬁG(,i“ grephadipent. e
408, a secopglihpt Q02 3y Nithth 1D rar@e S0 fabouk Y eAngéielns BY) toddboid 800" AnBREt Various
(AFNI) | ayer 414, a first cap layer 416, and a second cap_ | ayer 418. The 35

under | ayer progssiog techmidesg shely 8y novRRl aror adpResifionn BYaDwiselpiaes, (Fhaaicply vangr
llayer in t . - Jul JHBOB03298
the hard Ig grlﬂgg@‘@%ﬁ%cfﬂ%g?eé’la%galt@éégﬁﬁ%gg@ttﬂg&ggg{:%géﬁg%eﬁﬁﬁ_I ayere 402 can
al so pnetect agahabirdtliyer 40 the shiclellya) §téras the nate ffomtho putiftrramaenitisallyastabilizad er

404 to ' l h | | bstrate, A i
oo Car s POSEh B e S5 i P8 OB i L e
under | ayer 41fQ2edtSioh OF e ehaffed bbbt Aot thethard Qa0 eadtare Hath.sThdiard lagm 4D

used for the underlayer 5 402 include titanium (Ti), ru hemip (Ré%j, ni ckel
i ron chr oncamby Mpdecltem a gyt of fersompghsti ppatepals, guph R§ perpioy), Yoy ED2LEFSN ¢ oy
be formed Qafl, e h&Hhe d Byd 164 e eibe of 4608 20 A to
under | ayert(%()ﬁ%elgj; wtgfﬁggamfggﬁg%{bof aggﬁhaio 5,&ngstrom; (A %Oabout |l oo A

t hi ck. 1¥ar albars 10Qpk d8ekssi ng t echni ques, such as physical vapor deposition
(PVD) technique mcal v r.. deg it QV, [ I, ne

li ke, can be. ugk%l%?sg 11?%’?‘?‘?{3¥ %‘gg)\}%roptgdégfl %%ﬁtﬁ@%ﬁ%&@@ﬁ%ﬁ}?n_ a{i]%“dfﬁgﬂlﬁar d
| ayer 404 @@pnctdidsizhvd aael )409t for eshatidsethd adignal aire.,t the ehatgel &1 resiskyem f fraval| thy

stabilized PSV cell. A relativel uge rd_current, i ¢h erates..a
rel ati vel yegnelessisigickd09.; yoge G%Wq%ﬁ%ggerfwggﬁﬁdﬁ@’ﬁf f};\%ﬁﬁc’r‘a‘?ﬁe’?%p%ﬁ%% iC
moment st ogR Gk a0¢lis BMRE FARf cdotis SEOTR fbat & allbhahariidaieedidt, sueRas be

made fr oma variety of ferromagnetic materials, such _as permallo

(Ni sol 2@2 0¥ osolandh &powFé.e and the sy JRenvyxamalecthe theckpgsk ef the Frshinterlayes 406 ¥F§H‘€hm the

hard | ayer 4 d Iht ] r e of about 20 Ato 15 about 100 A thick.
The first fa?“g?%fr %ﬁygr&%ghgaftsﬁo@%tional. The first interlayer 406 can be
i ncl uded i n t heThawpgee fayeedisst kb nenrsigask lay@thstcemmitetbembgdnetickhyma | Thei spacer
t he change,in si stance,,fromth netoresi stive stack 40Q. l.n _one
ebod ment IAHCPE Sh b R i &y ook mfiaY Po P P PSSP Sy PR of
i nterl ayer mg@falt Sarf B HRA td FN HO BRkdr 14yeP 00T Inf dre remdBdidkdtOthe tsharbr lape|408ds

cobalt, such as . ] .
25  copper (Cu). Alloys of copper are also suitable materials, such as copper silver (CuAg), copper gold

silver (CuAuAg), and the like. In one example, the thickness of the spacer layer 408 is within a
range of about 18 A to about 45 A,
The second interlayer 410 is optional. The second interlayer 410 can be included to enhance

the signal from the magoetoresistive stack 400. In one embodiment, where the soft layer 412 is
30 formed from permalloy, the second interlayer 410 is formed from cobalt {(Co) or from an alloy that
includes cobalf, such as CogFeyg, CogoFeg, and the like. The thickness of the second interlayer 410
can correspond to a range of about 2 A to about 15 A. '
The magnetic moment of the soft layer 412 (or thin layer) can be switched or flipped with
relatively low word currents and relatively low magnetic fields. When the magpetic moment of the
35 . softlayer 412 and t‘he magnetic moment of the hard layer 404 are parallel, the resistance of the PSV
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20 CoqoFej o, Co8oFe20, and the like. In one exanple, the thickness of the
first interlayer 406 is within a range of about 2 A to about P& JulyrR806
spacer | ay¥P 04#g640s 5 nonmagnetic | ayer that separates theCHEYHEEI

| ayers. The spacer |ayer 408 can hi-, forned ftoma broad variety of

non- f er r ormaghie relafivelgitlesy.i Hihan thamsgrsseimoment ef tho s9ft lajieirid? pad Ge pagpetmgaat of o
form the spagers %gsg 964 $Q%i bR O OB P BE PSHCot RACRIVI WA 1R%oR %2120

copper (Cu). copper are also suitable materials,” such as copper

si | ver (CuA# sancmppele fipot @ vardty ofmat¢rddsnevaly)as pamellesh@VigRee), Johalbien Eeafipble,

the thicktie t he spacer. | gyer .4 | | t ek 0
about 45 A@%ﬁg%&%c & eﬁ‘l%gélfng%é&w H%%?sg %géjt%ibsooﬁz%%er %ggg%r@%ﬁéﬁt% rlayer

410 canbpe, ttifiet tsedle tackeabanbhehard heerddgnal from t he magnet oresi stive stack
400. I n one enbodi ment,

where the soff layer 412 is 0. foryred from .
permal | oy, the d88dHdM il?ﬁe’érﬁf“gﬂrse? ?WTTOO' & P%:&We%“&%ﬂ't A(‘C%J}&eglpmf SHS an
al I oy that yjpebustedceORdliarSbGiiedtentsf SEaIR spitd HAEHEs: tandlagphied hadnetic fidle
t hi ckness of the second interl a%_eh% 410 can correspond to a r_angetog{bﬁ%gf?ut

2 A to aboerd e npnct Trrgnsbagvmente TheHEMtlaxst 4 14nssigbtorcoptzg) de mpgpetipgion
ayer) can iR piN La0C B {4 1:BRG) Hokdonkitly| YRbits kMO bl Ko hbrioang

relatively Fow nmagne en the magnetic nonént of the 35 soft
| ayer 402 #ovdapgiied magmeit ifeldrieshy abdwitdthe atifdrrprasneticaiy stahikeep XY MEIAM ¢t e

resistance of the PSY -6 26 July.2006 3/ 067 P . is
arat§ vol y TR B FIS HAMBP e R | Mol Tl SRy G
magnet i ¢ MeiRRYerO Blectridgly te A FVEM S 4407 iypagaliRnkdth thawoil 1hyek 412 Hehisroas distueinibe  of
the PSV cell is relatively high. The soft |ayer . .412 can de from

vari ety of deertien phihe yatphleressdanpetiom fheggh i%’%%&e‘?‘&él 15 &16%5? ?;{?C?ﬁ’ﬁ n&&?goif%‘? 0),
and the |ikg..qlif th%rhgﬁqgﬂyadﬂoh.rr%tmd&cb%nﬁynﬁmeé& Of dbtbios of the mayOly 432, he
about 20% t o about Yo©5 thinner than the thickness of the hard | ayer 404.

The AFNS| aydM lget 414 shouldbecfornufl fom aomptefid wityrreiglatvalschighreaiptivity anddpr should be
antiferromagnot.ic. material produces anti-parallel alignnents of el ectron
spins inr eg’i: B ‘0 an applied magnetic field and has no net nagnetic
monment. The AFMIhaye#M4didder aigi st mef@blyofotrned! frivfeanmalipyevf zmbgaoese,ofuchhes sof t
| ayer 412 such that the soft |ayer 412 .consistently i tc net.i ¢
i noment s aftHerFEpagpstiselgy f@f%’%@ﬁbﬁeﬁf‘e@gﬁé@ iRl e " t‘itﬁ”?fe%g&i“r e
the antifepLonRanelimadd |HMdthaRididbQd EQWHYRAMIGum MRbipaitse) POVD] iane yickenf e
and robust high wite thresholds, i.e., inproves the switclriag reliability
of t he20t hmangaagse (Niudiiregt The AFM, layerid 4 srnalseyhe formadstrom ap qxige pht festompgneric

t he, soft y : ' r : i of natdaeriah] ;

resi stance rgé‘r]T ?‘%easéo t& P%?/é;p\qg%&a Ij\i\%{%ﬂ(}%b?lg%&s%g%h?dg))agdeét t%ﬂt%@%x;des
state st ormbeirelatively dnsinble besy éampé@ithire. Thhe rAFIMI bagert414 shtiubt herdinporsd o @ sidhef the

et et o, g e FPURLY Sy S, s AR PR B
t hin. thick that pinning of the soft layer results, which detrimentally results in spin valve characteristics
25  from the pseudo spin valve. In one embodiment, the thickness of the AFM layer 414 is within a
range of about 10 A to about 70 A. The thickness of the AFM layer 414 can vary according to the
thickness and the switching fields of the hard layer 404 and the soft layer 412.
The first cap layer 416 (or protective cap layer) provides adhesion to the AFM layer 414 and

provides a barrier against the undesired diffusion of atoms from the AFM layer 414 to other layers in

30  the substrate assembly. In one embodiment, the first cap layer 416 is formed from tantalum (Ta}.

* Other materials that can be used for the first cap layer 416 include copper (Cu), titanium nitride

(TaN), and the like. The thickness of the first cap layer 416 can vary in a broad range. In one
‘embodiment, the thickness of the first cap Iayer 416 is within about 50 A to about 500 A thick.

The second cap layer 418 (or diffusion barrier cap layer) is an optional lafer. For some

35  etching processes, the addition of the second cap layer 418 provides a relatively good stopping layer.
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The AFM | ayer 414 is preferably fornmed froman all oy of nmanganeso, such as
an antiferromagnetic alloy of ferro manganese (FeNnhi) incl udi 2f BaboRODE.
O her sui M@PFEFOys of manganese include iridi um manganSEURBIWSLA0) ,
pl ati num manganese (PO04ti), and nickel 20 manganese (N45AIn5s). The AFM
| ayer 414 beowe ambolibent fby sveahd famlayead 1 Hisiadeyen pf dirdmivip silieqa(Ex8iy  Other matprgls
such as nigkel qxid N, O) i I ' | Ca : ke,
but such oﬁlﬁﬁ%ag%e&lg% %rejthreesfcgjgclgﬁagl Igl% gﬁ% a jéet & é‘lfrd(f&el Mgﬁg% gﬁ’rﬁlﬁﬁeﬁﬁé\wﬁiyer
414 shoul d(1iN),Ghépedike ona embaanenf, thehicknssfof tHeaymend dplayeh 418 s vithpposinge t o

T A opE ) &M it 6 Gy R s pg? palfy el O

the hard | a

t hat pinni P%a

val ve cfiar g igsined kabvatpwitif fbicB€rapseudo spin valve. In one enmbodi ment, the

t hi ckness of the AFM | ayer 414 is wthin a range of about ioaﬁQ 5t0(§ ?bout 70
h

A. The thicknes&igsre fnilugigies| & yapss-aephionah Visya oy & SRR YD st Tkifess
and the S%ﬁﬁ&f&ﬁ%ﬁ%&ﬂ? Bltizdd}Redd8 rsﬂ.n LavelecA@de N Rothlen®ediedt 3Y B idkkrhtionThe
ayer or p I

first cap rotective cap |ayer) provides adhesion to the AFM
| ayer 414 Fhcmagreowstte sechap? nelndades wslerlaybred 03nthe dird deveri 44 dhei fet iBterlagebns

fromthe AFM |ayer 414 t her l.avers |

one enbodi ﬁ@én#,‘eys?%cgr ]13-;/?13 8’%&%3 é&%&erif'f ‘ﬁg’ ﬁ‘%‘gf’ m%yeiﬁg%%%ﬁtaﬁ%%g@ a%i{]her |
materi @b s fHBadece@ncdpe lagered1d @esctibed éarlics t incenpndotigre with 1Bigimacd.udb edppex thaeu) ,
titaniumnitride  (TaN), and the like, The thigkness of fisyrst _cap | ayer
416 can vaPpenelpraishysterks iPgiaciudes 2p Mé@fﬂ?éf?n’éd?t m’?ihaél éﬁ%%ﬂeés%ﬁof”%fcﬁem
first cap h@%ﬁ&l Whifeh fhe\Wbit RiE 18D M thPstap Gyati0b! UG 1A AFM Gyer SActhe AN
cap layer 418 (or diffusion barrier cap layer) is an_optional 'lax%' AII;R/[
some 35 eintliayry 592 de aetskmed; fian gu amifmemagnetictipateriat o Jy ore gbodipet. 439

provi des arelati opni | MR .351Q 64680
PCT/ US03/ Ol\‘?geé%%r\és%#efg%?rﬁgg%%ﬂ rrag}rﬁaﬂ&‘tl @X‘?é’(:eéﬁ%&‘gé%‘ aygrﬂl% g%gtall)s a | ayer of
chrom wm sAFM aneda@rSi0p. mbdeetoppart (En), attbenitnn 4Ru)c ghromim §&d flominehdAde eothd
cap layer 418 include copper (Cu), tantalum (Ta), titaniumnitride (riN),
and the 1iRES | n one enbodi ment the thickness of the second cap | ayer 418

is wthin a ranggs A¥M abket504 08 Pe F@mdD Tistn 20 Anifferkdihaghetic Dtidteral, stich las erro
under stood by one of ordinary skill in the art that 5 the thickness 0@}%?
of

vary wi t hi Prazganse §ipMmin gihor plagsils gt pejspabledprte AR baer V4R FFIowi
a magri ct opesl Pf ﬁ%%aﬁés@%é(wépag vfbus ARidesPtded B LR R ch RO withdRré 28 dhe

pseudo spin valve according to another enbodi ment of the invention. The
magr et 20 esAEM lager S04 shoubll dispoded dus sidhef thndeft langretl2 Algp is aphesith &y the hagidayen 04,

the first interlayer, 406 he.spacer .| 8saat:hE..8£C0 I ot ef .410,
the sof ¢ 1 40 rins Shpadimpe, L0 BGRAF o up BFE 189G woaip Sy Clflee BBOUATK 1
418 descri fidt BArA. The intre4:0 inGiekdesy vt ARNE lagorr 044 verdun ttaddiM lager, 4 It hmcreases
magnet or esi stive stack 500 includes an AFM interl ayer 50 .an., AF ayer
504, whi chthaP’é’hmEF§%‘%?§%lﬂEthﬂb@ﬁgtTﬁ’€a%’6%‘Ll\q“£§‘é‘P Oﬁéﬂ%ﬁtﬁ%@‘gﬁiﬁ%@w&% Y%yer
416. Unli kgrl-pg AFM | ayer 504, the AFM interlayer 502 is not formed from

an antiferronmagnetic material. In one enbodi nent, the AFM
25 The AFM interlayer 502 is disposed between the AFM layer 504 and the soft layer 412. In

one example, the AFM interlayer 502 has a thickness within a range of about 1 A to about 5 A.

Preferably, the AFM interlayer 502 is about a monolayer in thickness, i.e., about one atomic layer
| thick. In one embodiment, the AFM interlayer 502 is less than a monolayer in thickness. The AFM
interlayer 502 serves as a spacer layer between the AFM layer 504 and the soft layer 412.

- 30 | Advantageously, the AFM interlayer 502 can be used to adjust or to select the amount of
coupling between the AFM layer 504 and the soft layer 412 by reducing the coupling strength
between the AFM layer 504 and the hard layer 404 and/or the soft layer 412. However, the AFM
interlayer 502 should not be so thick that coupling between the AFM Ilayer 504 and the soft layer 412
is lost. Further advantageously, the AFM interlayer 502 can also enhance the uniformity of the

35  coupling between the AFM interlayer 502 and the soft layer 412. '
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interlayer 502 is forned froma relatively thin layer of iridium(1r).

QO her suitable materials for the 15 AFM i nmerl ayer 502 incl ude &ﬁ?o aly 2008,
rut her ri mVQ 8§6768hr omi um (Cr), al uminum (Al), and ot her FCHBE3ANB| ayer
504 can be forned froman antiferromagnetic erial, such as ferraq
manganese ( FeMn)tiswssfstl s Ref fogfh nlot pln expmaple gﬁ%%\ﬂ’r"ge”fo&ag'%eﬂ Khpiizaddiseuso

i ncl ude varg,puae(RSESV)aleicB¥ R @ilicBNAANEHRD With MBlt 423t WAl beOlderSbRS orRSof
described earlier in connection with Figure 4. The 20 AFM | ayer 504 shoul d

be di sposedrérerysisil dethe pri vk the dist remdip ovill zary sebsteptiqlly i pgsouiance Wil a sslectipgrad

| ayer 404. - on ' I cknes E . ' }y\%_'l}gyi n
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i nterl ayer steeth and hpopts of opeieds €% in t hi ckness, i.e., about one atonic

layer thick. Ing 6%%%}1;&'@%%@& RSN RS LEKE hragirdsititettk UbR Restribed

nonol ayer in thickness. The Interlayer 502 serves as a spacer |ayer
bet weel0t headiFiMnl epeectiGOWith Fipurehé. SHetR-Hapler o4 Bigure 3D llngvadst the ewistang of the

AFM i nterl ayer 502 .ca e . sed to.adj ust .or . | he f oo
coupl | na. batReeEe Res B B 4R riEenS Eigh R RS oy A RIPHe G s of
ccﬁUpI i Pg lstmeaa@&oreﬁﬁwe/eﬁac 4d0e r’]}AEMJIlﬂE&ﬁfst H%;wlcaindeptésmtdmaddﬁglaam'zongwdr amliﬁ or )
the soft |ayer 412. Howe ..1he AEM interlayer 502 u not .bhe.sQ. thic
that coupl i%h§EHE otz £F sjagRtisf! testhp maghstpr ﬁ%"%’*ﬁ]fﬁ{;bgﬁ%ﬁ%@%dﬁ?é“ BYE.
Further ad\sgtcBReatsivyof thd\@ndidrs (R tHe d4BhctorEikii 6ditach 160 woH D Biteenié IR operation
uniformty of the. 35 coupling between the AFM i nterl ayer 502 and the soft
IW?S‘CG

| ayer 442 when the cgmpspompipgahS 8 /it gdertadcialidry ees gerrespongrte datg faken Xith
R-H test plLot y L e th QA BRgRET : ahi i

pseudo spilﬂ%' %%‘1{[/2@1? E\%ﬁ%@?&fge{%ﬁ%&%ﬂggﬂfl er in coﬁ’ndgg%}éat\%mﬁlt@% cll%flrésgggt?l:
It will be duindekes il the iyst Sielddwepion diervaposits diiectionnictund aaetersedatciivine t est
results will vary .substantially in accordance w.t el ection,of .
mcorial o | ayertbiiTRiRas EGte b BRRCGEREE shuk Ao AR Bl o got spiten
vertical axi thé mBenitudd 6 tie Aost H-fichl 160 hdaCIRAQABAE 7580 (RS WalcR RCRIafLl Rigls Whikt S
of ohnms _as_.indicated to the far rioght of Figures 6-10. To the far left of

Fi gur ed0 6- imglicatep that ASPIY sells dhat arez108 srlecied) passtoletten reftiprly bigh Hafdd withawg loshased
on the mnjggrn resistance shown for the respective figure. A horizontal
axis, i.e., the x-axis, indicates magnetic field strength and has units of
oersteds (0Oe). [Figywe Bis@niRsH plot 6Etht gampletofithe mapmetoresistiveostarkdD@ destriltet earlier in

teds (D). Fimurkiss P st detritch gucie
& The. R RGBT spt g | Fh Rt oP o B 2 gkl RN Bt o 181 ©

magnetoresistive stack 400 versus the first H-field. However, a second H-field that is approximately

.25 orthogonal to the first H-field is also applied to the magnetoresistive stack 400 for the data shown in
Figure 7. The second H-field approximates the H-field that would be generated by a current flowing
through a conductor that is used to select the ASPSV cell with the magnetoresistive stack 400 from

- an array of ASPSV cells in an MRAM. This second H-field is sometimes referred to in the art as a
“digital” field.

30 The horizontal or x-axis represents the first H-field that is swept along one axis of the

- magnetoresistive stack 400, When the magnetoresistive stack 400 is subjected to the second H-field,

the magnetoresistive stack 400 switches for a write when the magnitude of the first H-field is about

53 Qe. This is lower than the approximately 75-80 Oe described in conmection with Figure 6, and

indicates that a write to a selected ASPSV cell can occur without undesirably overwriting the

35  contents of an ASPSV cell that was not selected. |
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magnet oresi stive stack 400 versus a first magnetic field ("Hfield") that
is swept along one axis of the magnetoresistive stack 400. Th26aguly 2006
first HfiV¥P&NGQepresented al ong a horizontal or x-axi s PEHUSHHEE 6. No
other Hfield is applied to the magnetoresistive stack 400, so that the
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o f ol o oot & fhotn Bt d oy aufind RSd, rnd Bl 1B O Shrerust Fopesbid o

i 11 ustr gt ecuirntFlogdistthugl BecBRINEVELS § WorElRt @GKbif Gk, Athy 3Nisag @O bigdcy tidoes
not- switch until the nmagnitude of the first Hfield has reached_about

75-80 Ce, wHYREYY ¢l thag cemrespady toheymagniresistiveciack ADQ o T8 allevesanduoadnal 85PSV.
that are noky gAleebat i‘fcﬂﬁ'zgf %a%@?k?ﬁﬁv béks 3t wl\g{ﬂltﬂé%ﬁﬁéngﬁ&ﬁh?wﬁﬁl Eg

data. Figure 7 1s an RH e exanple of the magnetoresisiive stac
400 descr i Ireldctdiag, ieamagnetoresisiive statk 490 switchbs foi gwritssvhdn thn chagnitudhef TR fisidil-Gieldof
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contents ofagh4MSphey thempanelpsisigestach 0% i 1ot felsgted. i 26t Aot © dreH-fipyd of an
03/ 067600 Bbetlded S0 Hit2 9k 081 GinBor Swli 1 tafh Qhurile GliEn 4R IR eLafific (10

magnet oresi stive stack 400 described earlier in connection Wt gures 4,
6, and2¢. ihBigReH, Bhcomaguttofesigtivecstz8k 400 trddratay asHiftel! ofes radatinely digbfmaphiude of

Mgt or oo Pag /8 08 pBfRE ey litBite Yok O es e bt RS FRIsH” T hepe
- third H-fi ef thsisthiie 1§ thdesirablefdt edlalivbls 162 BBficd aftnftis Pt G ASPSVCWN R has not
fl ow ng thF)ough a select_ line, such as a word line or a bit |ine, that is
used to seP¥i selepted A 10k | Fhapgsa FestsFte s p OYid SEEIYer e ChAREH o FEisTaREs (@t

stack 400. gilitvantadebcoripd tﬂéjfez!{djﬁ%’t\yﬁ'ltl1epl‘§%§iﬁce &9hd inte el 6 SRLEEASHSY EQM an
array of ASPSV cells in an NUUM th the current flow ng through the
.25 Figure 10 is an R-H plot of the example of the magnetoresistive stack 400 described earlier

- in connection with Figures 4, 6, 7, 8, and 9. The R-H plot of Figure 10 illustrates the resistance of
the magnetoresistive stack 400 versus an H-field that is swept along one axis of the magnetoresistive
stack 400. Another H-field generated from a select line that is carrying a current, such as a word
current or a bit current in a word line or in a sense line, respectively, is also applied to the

30  magnetoresistive stack 400. It will be apparent that the scale of the x-axis of the R-H plot of Figure
10 varies from the R-H plots described in connection with Figures 6, 7, 8, and 9.

The magnetic orientation of the soft layer 412 of the magnetoresistive stack 400 is switched
or flipped m both directions, and the difference in resistance is interrogated fo read the value of the
data stored in the magnetoresistive stack 400. The R-H plot of Figure 10 illustrates that the soft

35 layer 412 of the magnetoresistive stack 400 can be switched or flipped for a read at an
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select line, the magnetoresistive stack 400 switches for a wite when the
magni tude of the first Hfield is about 50 Ce. Thus, Figures @6addlys2006
i | lustrat & RHI7¢We nagnet oresi stive stack 400 can store d%ﬁ'l“éU&@/Um n
selected with a first Hfield strength of only about 50 Ce, and retain
t he data wdrantageouslydpwe di-geld (srength pﬂg@bom 3% Oct TheeHofickt readh geraration ﬁ-‘élsena@eut
75-80 Ce, there f %Eg
is an R-H plot ¥SI ﬂrg%%amlvglg%? h&hea{nsgigegtg% %%etg?xg q{\?gg}eg gtggkta%% dweﬂs:e%r ed
earlier in notbemedbutﬁnswbwn 3§|(@ﬂ.1r'élas édvaﬁtageiusljaaﬂbv@ a aamspanﬂilng)WAMﬁo Esgar e

9 illustrat t t t 00
an b1 el o oREebss et SR ot PR HdRaL al et B AR,

I n Fi guse Qf&ﬁ@d@h@ﬂkﬂidle|d is applled to the nagnetore3|st|ve stack 400,

so that the. data plotted in Figure 9 illustrates the ni e. of FFer|d
that permits a resgusey %@Wéﬁ‘?ﬁe@eﬂ%@?@&bm@o@l&mﬁ fgvention has

megnet or esipaty Mericdidak r&&&céﬁ,ﬂfa@sp&ﬂc%a&ﬂmm e dosdiBicnS WO iRod b fhRrraive

H-field of an activated select line, such as"a bit line or a word |ine
that is carof{hemyension andrare not meudt?@méxémus memgbﬁqaﬁonmgmpéh@ﬁonﬁ may occur to

magni tude: Qe ST E AR Rl e M bftind hofl S B Bl B n e

dest abilbi zeppeadd cefa@nges resi stance. The change of resistance is
undesirable at relatively low Hfield strengths because an ASPSV cel |l that
limnot been selected should not change resistance. An uni ntended change
in resistance can di sadvantageously corrupt the reading of the resistance
of the intended or selected ASPSV cell. 25 Figure 10 is an R-H plat of the
exanpl e of the maguetoresistive stack 400 described earlier in connection
with Figures 4, 6, 7, 8 and 9. The R-H plot of Figure 10 illustrates the
resi stance of the nagnetoresistive stack 400 versus an Hfield that is
swept al ong one axis of the magnetoresistive stack 400. Another Hfield
generated froma select line that is carrying a current, such as a word
current or a bit current in a word line or in a sense line, respectively,
is also applied to the 30 magnetoresi stive stack 400. It wll be apparent
that the scale of the x-axis of the RH plot of Figure 10 varies fromthe
R-H plots described in connection with Figures 6, 7, 8 and 9. The

ni agnetic orientation of the soft |layer 412 of the nagnetoresistive stack
400 is switched or flipped in both directions, and the difference in
resistance is interrogated to read the value of the data stored in the
magnet oresi stive stack 400. The R-H plot of Figure 10 illustrates that the
soft 35 layer 412 of the magnetoresistive stack 400 can be sw tched or
flipped for a read at an -10 26 July 2006 WD 03/067600. PCT[ US03/ 03298
~advant ageously low Hfield strength of about 35 Ce. The Hfield read
‘separation between the nmagnetoresistive stack 400 -when it has been

sel ected and the magnetoresistive stack 400 when it has - not been sel ected
-1s about 35 Ce. This advantageously allows a corresponding VRAMto use a
relatively broad range of Hfield strengths to read fromindividual cells
wit hout risking the corruption
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5 of data during the read. Various enbodi nents of the invention have been
descri bed above. Although this invention has been described wi26hJubf 2086ce
to thew sPERPINTWnbodi ments, the descriptions are i nt endeRCYBSU3E329
ilhistrative of the invention and are not intended to be limting. Various
nmodi fi cati ECHAMMapplications may occur to those skilled in the art

W t hout departing fr b1 t i y a fi& ned
inthe 10 appegded C aﬁﬁ@#@%%%%%%%ﬁgﬂ &gngs@%G%%eP@EF%gO%PSS% V\E
CLAIM | . rahdorantdefsananonpMitAME eddsprsingbi | | zed pseudo spin valve (ASPMin a
magneti c random acce S JEIDL Y, 4\4% 'c%’mj.;r;li-Si ng: hard | ayer of
ferromagnetic nmateri &M e]élosf% ¢ ayer or ferromagnetic material, spacer

| ayer of non-ferromagnef lagerti fioinagnetid m@asdd bet ween the hard | ayer and
the, soft layer; and an antiferromagneti.c |ayer dis gsed dg]g%eint t o, L he
soft layer, where thé SPasstinyes phasRderFtegRetc Jole 'dfp%ﬁeg ﬁﬁ?ﬁ&@# B A% Ge
of the soft laygrs{:hgtalgs opposite to the hard 10 layer. 2. The ASPSV as
defined in Claim1, “wherein the antiferromagnetic |ayer conprises at |east
me alloy of manganesen anifertemagis\ages derorsde @dipepmicitay the 150yl W ethe
antiferromagnetic.da | : i) 5 thenAePSV
as defined in Ga%qfﬁﬁr%ﬁig\%ﬁlg?@%%@gﬁ?#@&%&g@%%?ﬁgg%%{gf%ﬁg%%ﬁgﬁ% Iagg%er
is wthdon a ranggeof about 10 Angstrons (A) to about 70 A 5. The ASPSV as

defined in Caimil, erein..the ferr etic .mpterial . b har
layer and in thg]' sof t ?é@ggviﬁgﬁﬁf{]ﬁ%ﬁgqaw h antéfg rya%ﬁné’skg’e%‘%}’ﬁfp eéassagft

| ayer is behweaprRedhangd@det 0 about 80% of the thickness of the hard

| ayer. 20 6. An antiferromagnetjcally stabiljzed seg};lo spi n.val ve (ASPSV)
in a magnetic ﬁandoﬁhaécsﬁgaﬁéﬁ%qe?%m}dﬁ’ ?’Pé‘%@r?&. ego q BYFE FOGpTISes

f err omagnetg] L pted to store data in a magnetic orientation, a
sof t Iayertf%) f?% %ﬁgﬁ%ﬁ?c material adapted to switch orientation to allow
data td5 25 be. 4r ead The ¥BPSNeashizfinpd| iny@aim b whseeier thiekpess offihe antiferromagnetic

non- | o1 OTRgRSL |8\l Bk kRO R AP B0 e Taver and the  sof

-2 The ASPSV as defined in Claim 1, wherein the ferromagnetic material used in the
hard Iayer and in the soft layer is the same, and where a thickness of the soft layer is between about
20% to abont 80% of the thickness of the hard layer.
20 6. An anfiferromagnetically stabilized pseudo spin valve (ASPSV) in a magnetic
random access memory (MRAM) comprising:
a hard layer of ferromagnetic material adapted to store data in a magnetic
orientation;
a soft layer of ferromagnetic material adapted to switch orientation to allow data to
25 - beread from the hard layer;
| a spacer layer of non-ferromagnetic material disposed between the hard layer and the
soft layer;
an antiferromagnetic layer disposed on a side of the soft layer that is opposite to the
hard layer; and
30 an AFM interlayer disposed between the soft layer and the antiferromagnetic layer,
where the AFM interlayer is not formed from an antiferromagnetic material.
7. The ASPSV as defined in Claim 6, wherein the AFM interlayer is about 1 A to

about 5 A in thickness.
8. The ASPSV as defined in Claim 6, wherein the AFM interlayer is about 2 monolayer
35  inthickness.
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an antiferromagnefic | ayer disposed on a side of the soft layer that is
opposite to the hard layer, and 30 an AFM interl ayer di sposed 2@&UueR006
soft | ayerWQR#H047A® antiferroni agnetic |ayer, where the AFRFHPEIN0EMSr | s
not formed froman antiferromagnetic material. 7. The ASPSV as defined in
Cl ai m 6, whereir’the BevMbRYers defed jiw Claip i, vhering te ARV jutedaygpr fspless than a

t hi ckness. AP s defined in Caim6, wherein the AFMinterl ayer

i s about alﬁ%nr?%) gryer c%géi n thickness. -12 26 July 2006 WD 03/ 067600

PCT[ US03/ 03298 910. TheThaSp 3 Vars defated me(Claird, Ghereinti®, antifaeoredgneticHayep\sdvliprises an
interlayer s |less than a nonolayer in thickness. 10. The ASPSV as defi ned
in Caim 6,%8&3?“@%‘35% antiferromagnetic | ayer conprises an alloy of
manganege. 5 11.11The ASRASPEVas deffell BoCain 6, Ghaleli thy anvifteiofbghctidi@yer comprises at
antiferromagnetic | ayer conprises, at _|east one of nickel oxide (Ni O and
i ckel  cobaPtt BRPABPEIYNO L tirked cotabeyeeBiGeRh ned i n Ol aim 6, wherein
the AFMinterlaygr CORRMWEBSV dsNEUMEA Gl MOlaimld; whBSin ABESMRRAS it@ihidd e ehnipises
Claim6, wherein the AFM i ntedayer conprises at |east 10 one of copper
(Ca), rathanfism@Ru), chromium (Cr), and aluminum (Al). 14. A nethod of
stabilizing a pSﬁydO B! P\S%’Ié/sedeﬁfﬁ CERHR g@%rggﬁepw'i%%ﬁﬁmglp ises at Jeast

magnet or esi stive Sandw ch that 1 ncludes a 5 ayer ‘and a-har ayer,; and
f or m ndo0an casbdf doppar §GBgmetehion (Raly érominmt(Ge, meghetione@ilst i ve sandwi ch near
to the soft 15 ] ayer, an ide of the.soft er that is opposite to
the hard |ayer. 5. 'ﬁ]@eﬁﬁ‘?#ﬁgibi@mﬁépfeﬂ %S%V%eg%fﬁfnprf‘ﬁﬂgt her conpri sing
formng the antifi ergreiBenedagnetordsRlivedshh@siCi0that Bciidte aSOftllajeA¥EY a hdd laythe
met hod as defined in Caim214, further conprising formng an AFM i nterl ayer
between the antiaﬂérrorragneti c layer and the soft layer. 20 17. The method
as defined in O ai M Ymlhie BliRebiSmdidiblc? bf URANRI-GisliRUShAAITRE! S sot!

al l oy of manganese and the AFM interlayer conprises iridium (R).
15 layer and on a side of the soft layer that is opposite to the hard layer.

15. The method as defined in Clain 14, firther comprising forming the

antiferromagnetic layer adjacent to the soft layer.
16. The method as defined in Claim 14, further comprising formjng- an AFM interlayer
between the antiferromagnetic layer and the soft layer.
20 17 The method as defined in Claim 16, wherein the antiferromagnetic layer comprises
. an alloy of manganese and the AFM interlayer comprises iridium (Ir).
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