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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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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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t he st 85 ed ahtifgirasgnaicatyestabilizzdBSV cell according to an embodiment of the invention. Test results
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
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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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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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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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QO her suitable materials for the 15 AFMinterlayer 502 incl ude copper (Cu),
r ut heni urwORap¢76ethr omi um (Cr), alum num (Al), and ot her s PCTHES0A#debs ayer
504 can be fonned froman antiferromagnetic material, such as ferro
manganese ( FeMnFigu€t hdp areeR-Eirteshblotstdfiat exmplesafitliezntifsrrboagnetmellynfatilizeg pscudo4

i ncl ude vari.ous ot | ] of _manganese |l ,as vani i.des

descri bed &4t Yﬁ@r(ﬁggg&ﬁeﬁ%r%ﬁ Sar{fl%utl ﬁg‘f—llecg ur e .Px{&ﬁee[l?g %ﬁl\}ﬁe I%g@eésﬁ?&gg)g 0?%%& d
be di sposeécrdparyaskidl id @headrt thitethsSwéttreduhy @il vht?subktaitiallg incgepadarice with a tskiectioaofl

| ayer 404. |n _one enhodi ment, the thickness of the AFM ] ayer 504_.is wthin
a range of maisdds st ﬁ;?‘i esseéb%}l‘}tceg(%on)ime?hgn %Weééélg)’ ' e‘f“ﬁ&c%ﬁe’s@ @ﬁe YH/E AFM
layer 504 (HRESME tb6isHEM drd¥ed urfhd 47 cHnRGE GRKARA td A6 £ X RATFRuER BP0l NG tHeICh

that the ferroma%netlc filmon the other side of the A Minterlaﬁ/er' 502 is
af fect ed. 25leftns Figmngs bri0ethe epyistands draliogndigatad 98 & gerpatage elipnghiasesira thepapmup 4

and the soft. - ff‘gﬁ% ; | 08 i tifield
t hi ckness %ﬁglfc' | n%govééiﬁ{]tehg gef pegg‘%ut n%?ogzgg%&t Sgl 'eAl.%ﬁe%{)%\Z%/erdg im e AFM
i nt er| ayer sttfi@thiasd ldsautits & onmstedd @¢er in thi ckness, i.e., about one atomc

| ayer thick. In one enbadinen the AFM i nter r 502 .is |ess n
nonol ayer in th?’é’l%‘i‘?e@é .an%gﬁé‘%%ﬁkel} ﬂ?rg,a? ﬁwﬁ%ﬁlfﬁ%%?@ggmggmﬁ S%‘gléééeor&fgg’gﬁl
bet weeny t g, Nh | cBMREtROitAREuihe Jaé R-Hay&r ofdligure J0illAd e tRg eQigshog, oft fhe
AFM i nterl ayer 502 can be used to _adj or tg select the anount

<. J ust 0, ] of .
coupl i ng beegwstoresistee w408 yerusspirshmagnetielidd( H-ficld @ thal 55v5ht g P 35S tohe
coupling s | e i 1089 Sbptdddaaifls @b RLonfiO4r 26k O
the soft | g{;%%gﬁéfozr.eﬁﬁggm\g\%%r@t E@E%ﬁl\}l@&/?ﬁggﬁgygr’ PSOZtshouF(zj1 notonbe' so thick
t hat coupl pfijglve bwerptlich El-fiefdvs bpptied to3bimagndtoteistivs gfark fGfy g thatithe d4ta | Kygyre
Furt her adyant ageous| t he AFEM i.nter | 2 C . .
i £ or m ¢ y Sor R R A S ondl Rk BE kR R A SRR perain
| ayer 442. whéh MOQ3sPdmg ASPEY/ dlbD3d0) 32@8d. Hofudagslis tGirapand R Hhth edtn pitht s

of an exanpl e, of ant i ferroinagneticall tabilized pseudo spin valve
Caspovy G BB g okt 1 AL GT e (VA gPD S50 thE Ot fps BarTesphe (5
under st 00d gy +REEwRH the BFH TR Ysweld ih theloPpdsiiediftttion! BAtedaievetB Blrecti@BUl tS Wi | |
vary substantially in accordance with a selection of materials, |ayer

t hi cknesses, andsdlystraigd dnignie &s the magmptergrigiye gtaglo400adyaptpageeysly ¢oes got switgh
the y-axis, .5.£0 n St WIS witkn B Lndi eat ed
to the far urrlt?gtﬁ% &gﬁ&;@gﬁﬁ%&g@g@%@g eﬁce}%@g gélﬁlfy(sa;é p (%f " |dg1;ur esu%%lf(l)lggt E@E

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 Rigiredt ©tan RAH Qo b tAER:AMpR %I hgitorésiavdBERADO A& GitRE eMBersh ack
400 described 10 earlier in connection with Figure 4. The R-H plot of

Figure 6 i conyegtion il Kignges b andsg. 3 ibeRd? plohef Figure 7 again illustrates 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.
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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 iFgusodmetahRek pIoef)Bthé edmpk of the rdgneddrbsistise ﬁack"éld() 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 @5 eshgbiVResitiod kadkOol wersa s B BCARH HhPistsReptSAGR e Bkik ioe 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 o‘staelﬂw&sm@d th@mhgrtﬂmeﬁblsm§tmbﬂ0(sslnetse@dted -18., WO 987087 AgOH-field of an
PCT/USOS/OS 98 Fi e is an.R-H pl ot ,0: e exa

eanstor eordnra sAft it Siohin B Mok S e bACH SAETRGrfly, ibe proummly pon
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@gmemolr@ﬁ@m 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,
o) thatu'{t hgfdégh%ﬁ%ﬁ%tr%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@mﬁgﬁw Bk &k pREe @E ’éﬁﬁ%m%b% il in 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 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 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 appended ‘gtfé‘fl gomﬁeqﬂ%&yogfﬁ%géﬁe %‘ﬁpE]SES%Y%{%g%%‘BV@ %Laf%][glgfc{ “1.
An ant i f ergieRoRekt fdhbry (MRADM) coggasigseudo spin valve (ASPSV) in a magnetic

random access nenory (MRAM) conprising: a hard |ayer of ferromagnetic
material; 5 a soft 3kydlysof fegpmasgineitr®@lnat erial; a 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 adjdcentwhverte 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 Claim1l, wherein the ferromagnetic materjal used in:the _.hard

layer and in thd sof Thy A§RSV psdefiped in Gleim Laperraihibe antderfomagnstie LT FompHESS &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 er i er@Iﬁapted to store data in a nmagnetic orientation; a
soft |ayer eB“Pn?a@gafl?ﬁ‘?ZJB ic material adapted to switch orientation to allow
data tgs 25 be pead ThOMSPEE Balkefhel ay Eldimal, sphactra téokesss of the antiferromagnetic

non-ferr Onﬁger}eié xlzvghmngga%rgé gfl abgliltslg(ﬁlggtroggt(mg ra]bc;[utt1 90 Rf"” d layer and the
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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soft layer; an antiferromagnetic |ayer disposed on a side of the soft |ayer
that is opposite to the hard layer; and 30 an AFM interl ayer di sposed

bet ween tWe 03061600 ayer and the antiferronagnetic |ayer, ROEUSIYIRIAFM
interlayer is not formed froman antiferromagnetic material. 7. The ASPSV
as defined in CDai m Bhe WSEE¥i a3 defised ARNClint &y Whyyan thes ABNOunterlhyed it dess alrmud 5
Ain thlcknes Qﬂ ASPSV as defined in Claim6, wherein the AFM

i nterlayer™¥ %ﬁ%ﬂ?m "fBnol ayer 35 in thickness. -12 WD 03/ 067600

PCT/ US03/ 03298 9. ThehASEIRW asdededdiinerinh B, vletdiMth®antitdtiBbrittit ger rises an
interlayer is less than a nonolayer in thi ckness. 10. The ASPSV as defi ned
in d ai m e2loyiémanginespe antiferronmagnetic |ayer conprises an alloy of
manganege. S 114 TheTféSK@S\aﬁs @%Léd%@le{uﬁ quﬁél‘éﬂl Be aﬂgﬁ%(ﬁh&n&fe% er comprises at
antlferronagnetlc | ayer conprises at east one of nickel” oxide (NO and
ni ckel cobkhdt omofmkélmxﬁgoﬂlo)mmﬁkhlecomﬂeﬁl(b@ﬁl ned in Claim6, wherein
the AFMinterl a nl( 3. SR, efined

Claim 6, wherei Xft he%g‘llglésl%ﬁsfera éfﬁgl}egcongal)nsle% a]f‘erelm ﬂA A%% mter i ComBnJ%S
(Cu), ruthefiwngHRu), chromum (Cr), and aIun1nun1(Al) 14. A met hod of

stabilizing a pseudo al ve conpri sin
magnetores?stl \F/)é sana’f}?é{%}l’%’ d?fl(“ﬂéf n‘g efe“’?%%F%?‘i‘&ergg%&Pﬂpmﬁ%é}leaStand

form ngy anoﬁnflcsﬁe;@mm&m&ntm%&ﬁmt@)ma&aﬁlﬁmﬁqmtl ve sandw ch near to
the soft 15 layer and on a side of the soft er that is opposite to the

hard | ayer. 15. 1%he dendtend cistabibifingrepsoide smnaaalrw AV) CYTBE: conpri si ng
formng the antifer t
9 ; ; 'i)%@%lg%] 1%1%1# fa/egi% 112 LhAGEN thgctQmIlPﬁ; s §Q54 1AV Sl o G4 la}lglg.yer

met hod as defined in Furt conpri si ng rmng an AFMinte
between the ant kficerromagnetic |ayer and the soft layer. 20 17. The met hod

defined in O 6, . wherein th i f t
210y of manganeae. et iNes AMIPTILEPTAVEP: LT FRRGrt G s © B ot

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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