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nonvolatile memory devices include read only memory (ROM), programmable 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
location. 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

“soft layer” that switches or flips to allow data to be stored and read in the hard layer. When
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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 (FelMn).

Another embodiment of the invention includes 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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Figure 2 is a schematic top-down view illustrating an array of GMR cells.

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 invention.
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 mto 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 a GMR cell 300 in a pseudo 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 layer 310. The first magnetic layer 306 and the second

35 magnetic layer 310 are 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
include those without all the layers described herein. For example, barrier layers can be selected
30  depending on the fabrication processes used and on_the composition of the substrate assembly,

msulating layers, conductors, and the magnetoresistive materials themselves.

The illustrated magnetoresistive stack 400 includes an underlayer 402, a hard layer 404, a
first iterlayer 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 antiferromagnetically stabilized
PSV cel | wowmatdiong t o an enbodi nent of the invention. TestPCTasosox9s for the
magnet oresi stive stack 400 will be described later in connection with

Fi gures 6 thdHaedi@her 104 by plotdddg Gexniréie thagnk! Theaidslldyset@tcae Ksalf}Otettsagsing e

with barrier or cap layers and with extra .interlayers, [t will be ..

under st ood™ 8 eth &5sioR Of PIog &‘qgkﬁenlaf%}a’é’ﬂe‘wélrtto atnh‘ﬂ%aerm&ﬁ?rnélh A5 sifipon
i nvention g i,fcludg Jahaser\hdhaut cadlte dsbiefd apimleigscibeth ber @htddintar, the
exanple, barrier |ayers can be selected 30 depending on the_ fabrication

processes wdethyern®2dn frmed Sempudilim 6 oOther gateppls thah can beswed iy yhe undpplayer
alating | r. , - TBERet 4L i MENIRICSY, 1284 SantMBABRHYES -
The i||%usta?6§t‘§‘3“&ré}3‘§%gt&{63@1 ?tﬁ?%g}ns ack 4%0@%%?%{&%% an under| ayer 402, a
hard | ayer(T4NY, Tig urflertayer 40Atcan bafpencd408 brad spye of thickyesses.4bgone gmbasgagg the

interlayer 410, a soft layer 412 n tiferr tic ( ayers4 a
first cap ‘Fé?gz'lyeﬁi 5 SRS %é’%t ?Qﬁ&ﬁﬁfﬁmﬁg agéjturr%l)gel\ﬁf Itag%r Vfgl%ésbr
seedi ng | ayBeesig0WchiggueadhrRb i anplsiciieedpon iepusitien | VDY teeyines] rhéntieal vapor
substrate and_ -5 WD 03/067600 PCI/US03/ 03298 _t he har.d Ie%yerd 404 3% .

provi di ng deeimdCyD) feﬁlgmglp%@kdthq RS PFedyR form s varops S5 dRBPE PRy ai nst
the - ﬁf‘.des' r edyl {54 Siyanuoaf oA Bayen Wi ige Btk dor BY BFif4 RGNy stabilized
-underlying layer, such as a silicon substrate. A variety of materials can
be used f oPSY bl unubtively birgesoRd chieniy frbick gtyertone rielatively dareq magmeticaliedd swithes s
formed fromtantal um(Ta). ' = t 404
under | ayer{p% % %’%‘%Plhé%t&%%%%l 1|e%a1ﬂ|glﬁuer% i ?hﬂbﬁlﬁ%@% U m@t?’g%)?o,re er%lﬁ%glgIfeqlir(lrrdolIéri:seer

chrom um ( NnFRGhde fooidl atvarittalol farromiapretic eate(idlaNjuch Theumdiioy @igle.)0Dbalirobe
formed to a broad range of_ thicknesses. |.n ane odi.pent, th u r er
402 1 it rorar 3HRC B ABoht SR g TRy Db SaHO S o8 o PHC A
Variougs pLRGEERI Ahidkechni ques, such as physical vapor deposition (PVD)

t echni ques, chenical vapor deposition (CVD) techniques, and th Ji ke, can
be used to for mhh&rssdniedarsr Hg as eptepaaler The dirtidrterlayer 486 eAR bFdpdudedyiarthe o4

(or thick k@%ﬁ%{o}esﬁﬂxg gﬁfﬁ hl%O dt%t ?!gltu%re tthg' esig%ﬂlg iifegrfhg W&Q@t Ny @éslsiﬁn&{ %ﬂl i #ed

PSV cel | . ativ arge wo current, which generates a relatively
| ar ge nmagnebgctotdsative, stahit0@ Hlesne ¢itwdioreitewhat the hardflayeidOdria fmeed feomrbermatioy,

stored in th ard.la 404 t t or ) a I 4 n de
froma var f}’@ffgg&?terflaé'lﬁgg%ﬁﬁgﬁeg ,ﬁsonmn °§F‘1?§¢°§,°rsu§hgh{éﬂ’5et$%ﬁ%ﬁhfdg§y c%b%?’s%@gﬁfﬁ
cobal t 20 r 0oy K0 00E,Q hnd tatkd. He ohé ésamplenthethickasybofttherfirst intdrlhger HOG & Wityrea

404 is within a range, of _about, 20 A to 15 about 100 A thick. The first
interl ayerraana%oiiaé%gv% Putlyde first interl ayer 406 can be included in the

nmagnet or esi sti vepsStAack 14004330s § ABBRERet M eSihaNBparatés. tBe magnlc BRANTEL dpacer
resi stance, fromthe nagnetoresistive stack 400. In one enbodi nent, where

the hard | kyer40864n bs firmedriramiar padperictsi af neyforompgactd paferiglnt & rrepferridyef| s
formed fr Oﬁl‘a%%é"cén gecﬁged% fcfrfnotﬁé %c&llgﬁy 45{"%11 Mécéﬂll)g&ﬁlelﬁpﬁélsﬁacfﬁ%} AR is

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 magnetoresistive 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 cobalt, such as CogFe1o, CogoFey, 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 magnetic moment of the

35  softlayer 412 and ﬂle magnetic moment of the hard layer 404 are parallel, the resistance of the PSV
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20 CogoFel o, Co8oFe20, and the like. In one exanple, the thiclaiess of the
first interlayer 406 is within a range of about 2 A to about 15 A The
spacer | ayoer0349800 s a non-magnetic | ayer that separates tReTRSgheRIT

| ayers. The spacer |ayer 408 can be forned froma broad vari ety of

non- f er r orgY petitvelElorr iVikes theAndphardnongni etthe oft layent ©rindltls reanetivenarsstioft o

formthe spacer |ayer 408. 1n_one enbodi e .spacer | r 408 is 25
copper ( Che haad fagerstOdrare giRaralish gea{?séggangeg%{géb?éﬁ ﬁ%]tslg F?(i% Vgl?’%}/sgt?}c kﬁlgéq'o% %ﬁ’fer
silver (CuAQ)can SORBES faAlaCvaristylof BateliSl Alablf\Gy per@siliby t(N&,Helok @obaltrroa(€ogRadypl e,
the thickness of the spacer |ayer 408 -is within a ranglg%lof &boué 1§ grto
about 45 mndthedliksednoge prbasimeat die ticlnesssofghe sEhlyer 4thds abah Aleith AR &Y

410 can bgpinc ; t ssgnal fromthe magnetoresistive stack
400. Ig oﬁ(e en%%%’?%eéﬁ%g%hh%?{e&?ﬁelg&f t4gl ayer 412 is 30 forned from
permal | oy, the EechRM lapretlaly er laga Oofiag fnbiferreniagneimmetsbell t Ap @alifeppmagnglis an
alloy that includes cobalt ch a 0 . C E ke, e
t hi ckness BHHHE™ 'écé’f')ﬁ)%l' i lee? Fh er- ﬁ%gecggllhQpcgrg%Z%g%%tot%%gplﬁegﬁ%@ l%% Hehout
2 A to aboid hidnoet Fhgnetidgoadnt. CTIRDARN layaf 418 hesissoh torltay the magRtifation pivthe by er )
can be switched or flipped wth elatively low wrd currents and .

rel ati vel ylays @l daghdnatdhy ?C’gﬁd F4%’é‘ﬂretcﬂ’éﬂsﬁ%6¥1é‘f”f° SSBHERREC BPmPReT Sg8lal Yy
layer 42 I%Qdap%)ﬁ'&l et 5Qd MmEERt alRkvidshe btfdhdnayeticAR4tailRed RS RINBAM the
resi stance of the P -6 VO 03/ 067600 PCT/ US03/03298 cell is relative g/

| ow. ' Whenmeiheinrelgiirestyi seformpreabustbichoysite thrssholds dype improves Hrdwittinefalibaty ef th
nonment of _the ha . i, A9vA Ll - M=V SA19! aiRRaPhisthivandSV
cell is re‘ilné’tq%e%l ffllg%‘%l%&ﬂﬁe soﬁ{nt%I iﬂ%fgelrn%ga%lvg%ﬁh%gﬁrlr%yge froma vaI?i ety of
mat eri al s, deastidh @shoerinblk kaigtapdd femEhMoft opdyal2,-whidhris ssd dodtdcbthe memary stéie

i ke. hi one enbodi nent, t hi ckness .of the saqft .l ayer i %
t o about 8?5%6‘?51 ‘&‘ﬁ:hﬁ‘i’ilg'f‘yef ﬁgﬁ Erﬂée ei@ﬁrqgégbag?e Eoﬁée %er%orf %y%lfg lﬁfﬁlﬂgp%% tﬁ%M
layer {14 kenvAajaues sihildaR ramlel Fieh Drmene ki arabdlyaligh Weistivhy bdddsrrshoddbet i c
mat eri al produces anti-parallel aligni-nents of electron spins in response
to an appl febiiveiatretic field and has no net nagnetic noment. The AFM | ayer
414 assists to ﬁé“ArfﬁRJI 1LRE ARG EIEably OBl 88 S0klloy bPMUBAgafldd SuthNast hat
the soft |ayer 2 nore consistently Switches nmagnetic nonents at a

rel ati vel yariifertoowgizepip lallesd oi_h&gnetleingaJHee(IFdMni iveludiby FabVpwi rijhertsaitable alloys of

antiferromagnetical l.y.stabilized PSV 0. i nt Y8l V. : nd
r obust hi g]ﬁ‘ T8 lflﬁl}f{%es ﬁ%@u g, mialgi al.ie??e i @g’rﬁ%q@"zs p%a;%dngwﬁ%ﬂt%ﬁllxe% a(%{e ?’abain? ?{“gk egf
the thin hayRficse BNgMJ) Caht WFM hger ARMchinyler bedfbdmddsfrem apaxidd bied famiomhagrehie

soft layer 412. Thjs can_ di.sturh the. detectio f tlhe variable resistance
from the sBfteriplasich aggiskel ﬁﬂ?ecwlggmgé’é%‘gtc g%te?xé t&f%ﬁn@ﬁgﬁ@ﬁ?t ]%Pttéuals X%)d;%sed
in the har %ﬂ&xaaﬁxfégAmstIae Bﬁ@w&%eﬁaﬁ@e. [He tAFND Rp&el 11 ehduliebediRipeell bi0n siaf of the
menory state, the 1 AFMIa¥er 14 should be tormed froma material with a

al wit
rel ativel ysdfi lgyer AEkthatis gprogitedn diedarddaysid Y- Braddition.dhg /EMyfasieht . should not be so

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 layer 416 is within about 50 A to about 500 A thick.

The second cap layer 418 (or diffusion barrier cap layer) is an optional 1ayér. 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 fon-ned froman alloy of manganese, such as
ail antiferromagnetic alloy of ferro manganese (FeM) i ncludi ng Fe50Mh50
O her suiwabBeembl oys of manganese incl ude iridi um mangamesasei/oResvhgo),

pl ati num manganese (PtNin), and nickel 20 manganese (Mi5M 155). The AFM

| ayer 414 1g ait cMbS@mbe:, fho kvl dap tigered1 8axa thgeraft clarofmiunr dlivay KE4Sic Othatetdrials,

such as nickel oxide (NNO and nicke] co t oxi (Ni CoO nd the |ike,

but such &5t aasbe wsah fgdhs e i"f}]éieyeruhét%"g"r CBRRST %@%&%@%ﬁt unbﬂ{ﬁl%éayer
414 shoul ¢rhg, HiiROBEJ 19 BneBenbb@iRef tht DBRInEObthe xeHd A RybaB it HitBipRAsidee t 0
the hard l'ayer 404, In additjon, the AFM I a%/er 414 shqul d not be so hi ck

that pi nniofigbat 190 tesgfout 208 phickebyt ittvyll bendetstoad by preet exslimagy sedlsip ftheart thats pj n
val ve gharac [ .Stl . eudo spin valve. hi one enbodi nent, the
fli ckngss %ﬁ@%&ﬁgﬁ%ﬁ%@hﬁj&%ﬁgm‘%@t hin a range of about 10 A to about 70
A. The thi cknesBgmwé 3 hidushihd laaymess-sédtibndariew aofy aamegneigiasigtiveo stegke 50@ hiot lates s
and the switching fields of the hard |ayer 404 and . : . - The
first cap PHGBPMAEPEIE Stﬁl?l{ﬁe qulqloeSp&Y?ﬁ%éélf/ceoP%g& P (%l\ll?tﬁ ggmgﬁéesn% %t% 0 The "AFM
| ayer 414 BRGachh@VdRs s@cbsIr heidengiunsdlayds @0 rbekird egtercd (B ths ifios igérlagerons
fromthe AFM | ayer 414 to other |layers in 30 hﬁe sg{)stlr e as%emr%l . Idn
one ei nbodiopsibpepacerrayer 0% thesggongd g‘geélﬁye&féoﬂﬂéeﬁo ARG MG HTELLAR VT %T%I)

Q her yat ef,d b8 Hs65hel Qhrkhen fdofiRbtidaaRith ai@lre 416 Inngddutta, eapper
oy, El?n&ﬁ‘???f’dlg%(mm, e e i ckfogs. of the f17st. cap
| ayer 416 rosmetomsistiverstamk (5106 derludan e AFMh ingasiayer 9B ol g b EMt I t50f.c RPighs greof
the first cap |ayer 416 i Ly QAL BLGko04 Theaggecond
cap | ayer (ﬁﬁ’@se(@}rgtwaﬁ %%?f@ﬁygﬁgﬁr%g?%g{g%c a;ﬁéﬁ?l??@fgﬁeg{é“ onak |'ayer. For
some 35 e@hiyeg 50T GCHE Sosned tiven ad ditiferomagfictit metgial o frd ogsagmbodipesnt, 418 AFM

provides a relatively go stoppi.ng layer. ..-T 3067600, .P 98
In one enbdiriiehel2 lfﬁ%‘%g’gg%ﬁdl Elﬁﬁveg_'atb’&?{ayﬁrl%f 1 u%‘%rgyé o7 Fuitahle %e#%?i’érﬁﬁ%on
(CrSi)ys O Retr fRhislek 38 indiltBteosRR (08), ¥eBaivho (Rui)h ehrse@aN(Cry; aurhinye (A1 8nd

i ncl ude copper (Ca), tantalarn (Ta), titaniumnitridee (TiN), and the

li ke. In ostkeranbodi ment, the thickness of the second cap |ayer 418 is
within a range -of t 0 AarilRirfdfnagRth rhdtertl, ! duclb@s £
under st ood by orrrllge é?pgk%lmlng@y&élk% I !Flﬁtﬁﬁe %rtal thrat ang tﬁe .?rhi cklici_ ezseréoan
vary W t hi magataso @dMudn Gther Fagualethst ik sutbledortbe AFM byg-394 dadudp apriaps eficof a
magnet oresi_stive stack 500.for an antiferr net.l i ld: p do
spi n val ve ¥t Srgas o R P SRS T e ch?n(%t% ﬁlgl%]% %gén ?‘%"Eﬁ%@ﬁ%@“' T
magnet gy esABM Mgr SOachoukioR dispededides sidnef thadet lagare2 40R]s dphesithar die haydayer 04,

the first interlayer_ 406, the spacef | r 408, the.second interlayer 410,
the soft | 48ferineno cmpefument, the thickpesy 8{/@? %@é}ay%fn%mfbwf ASTBRD aﬁ%ﬁ%%d@é‘?

418 descri hed SRA | She ihbrek HBREIQHA M ARNT I8 B4 4verdud ROGM 198} 4 14 Bcreases
magnet oresi stive stack 500 includes an AFM interl ayer 502 and an_ AFM | ayer

504, whi chthapechanti spuviogisish thasthe fermmagngiic filmppdhe otlpp sidgef tbqq/éFMimterﬂayer;;F5>2|%yer
416. UnliketheAFM | ayer 504, the AFM interlayer 502 is not fornmed from an
antiferromagnétic; 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 layer 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 formed froma relatively thin layer of iridium (1r).

QO her suitable materials for the 15 AFMinterlayer 502 incl ude topper (Cu),
r ut heni urwORap¢76ethr omi um (Cr), alandlium (Al), and ot heP€T/UBag03RB8M | ayer
504 can be fon-ned froman antiferronmagnetic material, such as ferro
manganese ( FeNnhFipure©6H8 arerfatigest alo§ Otf hzabxaabpb Stlictaabfegohegnetidilly AFNided pend504

i ncl ude varlou | ] S
descri bed %’arr‘]{ A@%& ﬁeﬁ‘%c |§8aﬁ l%l | gﬁ? & ﬂ&ﬁe g %ﬁ I%g@eésﬁ?&gg)g 11%oul d
be di spos e&dmmryakksll ﬁelleozfrt mahte;hestaittreduhyeﬂl vty subktaitially in0qepadarice with a tstlectioa iofl

| ayer 404. In onee di ment e thickness.of the AFM | ayer 504 .is within
a range of malEEals laasT ﬁ;?‘i esseéb%ﬁ‘}tceg(%onﬁm"?hgl FHRgree & slg) Fﬁe{“ﬁac%ffe’s% e YRS AFM
layer 504 (HRESME bR&isHEM drd¥e! urfid 47 ocHnRGE GRKARA td A€ faexq%hxaamguse@ wploi Mg t5&ICh
that the ferroma%netlc fihn on the other side of the A Mlnterlaﬁ/er 502 is
af fected. f5lefins Figrs trifethe epyistpnds doaljogndigatd 38 a gerprtage enghiasssiry thepmmup 4

s AP B ekl B gy o,

interl ayer stﬁﬁgthlaﬁd]aeb@mits & opmtedd @¢r in thickness, i.e., about one atom c

| ayer thick. one enb e AFMin er 502

ni onol ayer in t W%@@%%é’o %f‘?@fn EWPQ?FW@ (gld %5\}8%6515?65%? %’S rg’%r
bet ween) t hg,idrNh | cB¥RELROJitARRuiche 08¢ R- Hébl&r of4l§1§u:re :ﬁoﬂlﬁéﬁé&l@ tihg Bs@idﬁhc;é, oft he
AFM i nterlayer 502 can be used to_adju 0 ct the anpunt

I se

coupl i ng bergustoresisHe W@Q)Y@ﬁus%ﬂfshﬁégnﬁ%ﬁ‘é%f - ﬁ‘é‘}réﬂmﬁff“ﬁk‘ft arl%’éLR?F ARG t%he
coupling st e al a%eronthPdr 2AGE OF
t he soft Ia}%%gﬁ#ofeﬁﬁgfgm\gg%rmtk@g I\}I@&/?%g%gf}g% %eg%tésahou (zj1 noton be so

t hi ckt hat obRighe Ag I\beithaeélhﬁeﬂrbls Amuedwéermmmmamrs@clsé@% s¢ tpiethe datpin Figure

| ost. Further advant.a rl e
urmi f or m ty% &re]'l)rﬁsentag ?OU mon ﬁaﬁ'ﬁe maé:l}?g e&% est %Q %?(g @gt}léléﬁzglﬂﬁ g&fe aéutog'o fi
| ayer 442. wh& M@c&ﬁdsﬁ@ﬂﬁ@&Sﬂ’SV/deﬂSﬁh&M)@ét&&d IEogmaﬁslnﬁs t@raapend Ry Baty edbn pitht s
of an exa ant i, ferro netic I |y stabilized [ﬁseHdo spin val V&

of
(ASPSV)  dede B e el T i 6 RO TR P R R GioG o (ot cpsepe
under st 00d gy tREEwRH the BFE HIRIYswaf ih theloppdsfiediftbtion! fdmkedtaftevets8 Blrecti@BUl t S Wi | |
vary substantially in accordance with a selection of materials, |ayer
t hi cknesses, andsdtstraigésnbient s the pagppigigrisiye glaglp400adyartageeusly does sot switgh
the y~axis 0 < i QB i ed
to the far urrlt?éﬁt&%gr%&é&guﬁléetsﬁé{qy ﬁl‘lhglg'?ﬁce}%@% aﬁl%tsa;ép (%fw lglgguresmge%’lf(l)léllg Eﬁ&
r esi st ahiceindgatat thet ARBYC atlls dhad sreanopsiecieh tagelerirampitiids kigh dhfidheithruhlosmgn
resi stance ,shown for the respective figure. A horizontal axis, i.e., the
x-axis, indftates magnetic field strength and has units of oersteds (0Oe).
Figure 6 is an Righked? 9lan RAH @Ibt b tAERAMPR0AITITR h@gmorésnavm@mw desiitet eMBersh ack
400 described 10 earlier in connection with Fi g re 4. The R-H pl ot of
Figure 6 i conyeqtion Fatd Kignges b andsg. ahbeRdt plohef Figure 7 again iltustrates the resistance of the

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 Oe. This is lower than the approximately 75-80 Oe described in connection 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.



magnet oresi stive stack 400 versus a first magnetic field ("Hfield") that
is swept along one axis of the magnetoresistive stack 400. The applied
first H fwelodosmor epresent ed al ong a horizontal or x-axisPCofushs/ogpzee 6. No
other Hfield is applied to the magnetoresistive stack 400, so that the
data iii Fi gureFighrei 8Sis b RFE pRNbfRhd s@mPIk of the nagivebirdsisisstdck @00 Edderibed earlier in

magnet oresi stive stack 400 ul d _enco tion 15 en. t he
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Figure 7 again illustrates the resistance of the magnetoresistive stack

400 ver susiStabeutri0rQe Fousi Biperes fanky dlustrade Gaicdhnpoguetoresisigverstgk 4p&oan store data
appr oxi gt §hy, &Rl téxtl‘@gpﬁéi Hlfud Qf"cng'th 58 bniltabd |58 Ocs a@d 5@ r&RR kheedhtd RndnSo

nmagnet or esi stive st 400 for the data shown in gure 7. The second
Hfield appaimﬂdmamlethe fisteH48eldi serbrggtht taachesvab ot 7 5186 Cgaethelrebx pravidipg margiy foethe safe
flowing throu e conductor that is used to select the ASPSV cell with the
magnetore5| ﬁq’%% Bleack 400 from an array of ASPSV cells in an MRAM This

second H-field iFgusonBiah ReK pIoef)Bthé edmpk of the rdgneddrbsistise :aack 400 getsbﬂiec'l ehilied id.

30 The horizontal or x-axis presen Hfield that is swep

al ong one S¥RECtigr vtk 1g‘ﬁ%°’g‘h f@léll &t h’ﬁeﬁgf Eﬂ&koﬁ%@re‘g\ﬂ trf‘ﬁ%“e resistance Of the
nmagnet 95 s hibi¥Resitifl kadkOoi werssy b BCARH thhPist ReptSRGRNHle bkif o kid, mag’h@‘c@remstwe
magnet oresi stive stack 400 switches for a wite when the ma ni tude of the

first Hfielpek4®. dpBigare 9% 8o oiher Hfigld isjagplicd jigpthe maenstorssistivgsach 1 frae &althy éatso
e descr i DedatinGARACS iRt dhfinbih e . 680 Eha ¢emﬁs<>ﬂe§éfr5me fhetliblgahe a
sel ected A can occur w thout undesirably overwiting t

contents oftagk 4000@m\ﬂ1@mhgne1totm1tsum9ch 4800 selobsdestd, 169 nmllbj@ﬂﬁ@ Ti80d-field of an
PCT/USOS/OS 98 Fi e is an.R-H pl ot .0 e exa

eanct o eorata gl Sish e 8B Tt Biar e s SRS Bl e grammnl houn 4
6, and2¥. ThEigiteH, fikeOinagbtofehigtive &tak 400 wiérﬁtast ﬁSHtﬁbBl sfes te$dt1&él§i @ighfmdghitude of
magnet oresi stive stack 400 versus the first Hf However the

magnet or es gyt v@ Ostbgfore thpmagnstoggsisiive stagk 6%%@5%1% &P‘h ghtanggs resistagee. ¢ Bierfbeney

third Hfief gmst-gﬂ& it nﬁd’egrﬂefdt ?éléjcw‘az 19F Pefad ngn?.l}(s ’9&§L§s'e e AQSP@VCdéﬂ &R has not

flow ng through a select Iine, such as a word ne or a bit line, that iIs
used to sebemwt selbgted ABPGY wos| Fhangratresistanees payid gningendede Ch@gmemorr@gte@cq vaan

S ck 490, T B LRI R AE B SRR 5, ELERASR LA

25 Figure 10 is an R-H plot of the example of the magnetoresistive stack 400 described earlier

m 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 i both directions, and the difference in resistance is interrogated to 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 6 and 8
i Il ustratwotoh@s76bhe magnet oresi stive stack 400 can store aaraSigoazben
selected with a first Hfield strength of only about 50 Ce, and yet retain
t he dat a whdantagbuslys BineElftt strehith df hbodti 355 Oe.H-The dil-dield tie@ingpirati@abdvesn about

75-80 Oe, thereby. providi rgin,for the safe witing of data. .Figure 9
(o o R BreEesRask AN B Gl Rt et b A6 oot padiol b uen RS o
earlier inNpotGRENQELI®N MWolh3F08UrEs fivafageduslyddlidws a chbitespbhdigPMBIAM o fiegir €
9 illustrates the resistance of the 15 magnetoresistive stack 400 versus

an Hfi el drelasely brgad g of dl-Bel¢)stsmethyieiread drom pdividen) aells GrtByt gielinasthe porrptiano.
In Figuse 0 field is applied to the magnetoresistive stack 400,
so t hattgt hgfdggh %ug}l%ﬁl(%trét_a‘gd in Figure 9 illustrates the magnitude of Hfield
that pernmits a Nesusbmbdinichis ofrthg ratrtipe bivs been alesculied @kova.0 Alihgveln thishigvention has
magnet oresj sti.ve.stack 400 is.not selected. i..€.. naot subje t. .
Eorel o of bh oesitd 5 reliaen S m Bt Silitent o qpefion PRk lhelilBraye
that is cabftyd gntidhrane fie notlifiterddbieio ®X hdithe Bdiiowsmeiichtiondand upgicBiond hgy occur to
magnet oresi stive stack 400 tolerates an Hfield of a relativel Lgh.

magni t ude 8Pse skies ip theepricpthg W@mﬁgﬁweﬁw & pRepd 1%’(“%{‘?91%0114%0{%1%‘1 i the
dest abij$ i zgseARM1gRaNges resistance. The change of resistance is
-undesirable at relatively low Hfield strengths because an ASPSV cell that
has not been sel ected should not change resistance. An unintended 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 plot of the
exanpl e 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
resi stance of the nmagnetoresistive stack 400 versus an Hfield that is
swept al ong one ans of the nmagnetoresistive 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 magnetic
orientation of the soft layer 412 of the magnetoresistive stack 400 is
swtched 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 WD 03/067600 PCT/US03/ 03298 advant ageously
low Hfield strength of about 35 Ce. The Hfield read separation between
the magnetoresistive stack 400 when it has been sel ected and the
magnet or esi stive stack 400 when it has not been selected is about 35 Ce.
Thi s advant ageously allows a corresponding MRAMto use a relatively broad
range of Hfield strengths to read fromindividual cells wthout risking

t he 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 with reference
to t hese wpasiéiceo enbodi nents, the descriptions are inteneea/uso3/(B298
illustrative of the invention and are not intended to be limting. Various
nodi fi cat iIWBIaMiB: appl i cati ons may occur to those skilled in the art

W t hout departing fromthe true spirit, .and scope o the i i on i ned
in the 10 appenhded ‘gtfé‘fl I:IOW@@%G%B e&ﬁf%@o@%?@ﬁ%(ﬂ%ﬁl ﬂ/larﬁa[gg&{CAn
anti f er r onpgHagL dc6a¢ Mym&h AIRIAM)RGmPSEdo spin valve (ASPSV) in a nmagnetic
random access nenory ( MRAM nprising: hard |layer of ferromagnetic,

3

co \
material; 5 a soft 3kydlysof fegppamgineitt®lmterial : spacer |ayer of

non- fers omagneti ¢ mayf oAl G SR3eHeRelWen the hard |ayer and the soft
| ayer; "and an antiferronagnetic |ayer disposed adjacent to the soft |ayer,

where the antiferr omspgrreldyer dfageferiomagbtiomaerinb disrogeddigtvepen the bard fayead $Bs ¢

| ayer that is o%ﬁﬁsi te éo the hard 10 layer. 2. The ASPSV as defined in
Claim1, wherei RSN | ferromagnetic; |ayer conprises at |east one alloy
of manganese. 3. TheaAIRBVragagledd neer idspGledi adjdcentwherte rsoft hlayer, where the

antiferromagnetic |ayer conprises .ferro m se .(Fe .. 15 4. The -ASPSV
as defined in @né}quomaglmggg?rﬁs S"tq’ﬁPBSt?ﬂ@%%S’aggf{}ﬁ%sogr‘}ﬂelf\@%?lg)ﬁ%é’ A tloghe hr%er
is within a rangg,of about 10 Angstroms (A) to about 70 A 5. The ASPSV as
defined in Caim1l, wherein the ferromagnetic materjal used fii- the. hard

layer and in thd sof Thy A§RSV psdefiped in Gleim Lamerraihibe antderfomagnstie LYrFompPHESS &b t

| ayer is bgt % to about 80% of the thickness of the hard
| ayer. 20 ?S\éﬁ%naélﬁfgﬁéafnlg%%gneti cally stabilized pseudo spin valve (ASPSV)

in a magnetic BandoWhaASRSE asrdefimed in( NRAM), whergir the iapgferremagasty ey epmpsises
ferromagne%ic mat eri al esdapted to store data in a nmagnetic orientation; a
soft |ayer eB“PWé‘&W&%%@%i c, material adapted to switch orientation to

allow gata to 25 beTheadr§Vamdefied haCthihely evherel  fiadkedss lof yier angferromagnetic
Pon- f -er ' Onﬁger}eié xlzvghmngga%[gé gfl abgliltslg(ﬁlgsgtroggt(mg ra]bc;[utt1 90 R@r d layer and the soft
ayer;
5. The ASPSV as defined in Claim 1, wherein the ferromagnetic material used in the
hard layer and in the soft layer is the same, and where a thickness of the soft layer is between about
20% to about 80% of the thickness of the hard layer.
20 6. An antiferromagnetically 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 be read 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 a monolayer
35  inthickness.
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an antiferromagnetic | ayer disposed on a side of the soft layer that is
opposite to the hard layer; and 30 an AFM i nterl ayer di sposed between the
soft | ayewoandetshe antiferromagnetic layer, irn Mere th@ChRIS03/208 | ayer
is not fo ed froman antiferromagnetic, material. 7. The ASPSV as defined
in daim 6, V\,he9 ei n The ABPSVIi a3t defihedyierClais1 abehdreih tie ABM alolager Ss Aesk rthan a

t hi ckness The 3?81%\/ as defined in Claim6, wherein the AFMinterl ayer

i s about amﬁ‘bqlﬁl‘”di? ¥ i n thickness. -12 WD 03/067600 PCT/ US03/ 03298 9.
The ASPSV as defid.ned ThhASPSH B Hfinddhie CRIn 6 1 itRroriv hitif@fohRy@kic laFerl cBfpridebam a
nonol ayer in thickness. 10. The ASP SV as defined in daim6, wherein the
antlferrorrﬂb)ﬁ@ﬁ“éngaaﬁfér corrprl ses an all oy of manganese. 5 11. The ASPSV

as defiqed in im r i Al
oast ohe of ni kel aus OPITR R A& FRTBIME i BHER EAT R
ASPSV as db&stnmjoflwk@loaldnmo)‘ambméqelrmbﬁ‘eox;iﬂélﬂ‘hﬁwpérI ayer conprises i ri di um

(1r). 13. The A Clal |nterla
conprises at |eas A§P|S f co ﬁned lﬂi Eﬁm eeﬁelnllth I%)FBJ}/I fﬁﬂzger m{’%sref
and al um nirm[nm((ﬂ)) 14 A net hod of stabl li zi ng a pseudo spin val ve (PSV)
conprising: providin net qr esi st andwi. ch t i ncl udes a sof

| ayer and a har & Iaygﬂff'le Anﬁgﬁ afé?ﬁ%f“ﬁﬂl lr”a tW e ) ﬁé&ﬁéﬁte@a}’%ﬁmpﬁlﬁef feast
magnet g esbl%df‘é@pp%@@Werheﬂlﬁﬁ’-(R&)Q:hfroﬂﬁurﬁmé anaélu 1gAis)nd ma side of the

soft layer that i's opposite to hard | ayer. he nmethod as defined in
Clai m 14, furtheét covﬁjﬁ@thqdﬁﬁsw‘éi}lmmp%ew Splah’ﬂVfP @’rsrvdﬁﬂgﬁmtl’lgc | ayer adj acent

to the SOf t layer. ﬁ Xi-'—ﬁ%% J‘E&%ﬁ?ﬂw@x&v@%ﬁﬁd@&& ﬂhﬁ ngh?de% %c‘)lﬁ la g/éif énlaedr hard

conprising formng a inteflayer between the antiferr magnetlc yer
and the soft layef. 20 17. The rrethod as defined in Caiml6, whereln t he

antiferromagnetic | ayer corrpr e%ﬁ anese a
i nterl ayer conprise S¥c?q;n|m§|aa IFijagn ?ayer %tpe magn t%resmtlve sm{}igv10t11 near to ‘Me soft

15 layer and on a side of the soft layer that is opposite to the hard layer.

15. The method as defined i Claim 14, further comprising forming the
antiferromagnetic layer adjacent to the soft layer.
16. The method as defined in Claim 14, further comprising forming 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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