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access menory. |1. Description-df Related Art [0002]

Advances in technol ogy have resulted in smaller and

nore powerful conputing devices. For exanple, there

currently exist a variety of portable persona

conputi ng devi ces, including wreless conputing

d8VYiSddEV AN IMES HODPED FARRHA EEMALINEREN&ANDOM ACCESS

personal digital assistantdEMPORY), and pagi ng devi ces

that are small, lightweight, and easily carried by

users. Mre specifically, portable wreless

t el ephones, such as cellul ar tel ephones and I nternet

Protogwdld (1 P) tel ephones, can communi cate voi ce and

data packets over wi rel ess networks. Further, many

such reles ephones i ncl u es of .
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including software applications, such as a web browser application, that can be used to
access the Internet. As such, these wireless telephones can include significant

computing capabilities.

[0003] Reducing power consumption has led to smaller circuitry feature sizes and
operating voltages within such portable devices. Reduction of feature size and
operating voltages, while reducing power consumption, also increases sensitivity to

noise and to manufacturing process variations.

[0004] Memory is typically included in wireless devices, and power consumption may
be reduced through reduction of memory power requirements. Magnetic Random
Access Memory (MRAM) may consume less power than other types of memory, and
may be desirable for use in wireless devices. Fabrication techniques that increase
effectiveness of MRAM devices by decreasing power consumption or increasing

reliability with reduced feature size are therefore desirable.



effecti veness of MRAM devi ces by decreasi ng power
consunption or increasing reliability with reduced
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[0005] In a particular enbodi nedt, a nethod of
aligning a magnetic filmis disclosed. The net hod

i ncl udes applying a first magnetic field during a
ddposSumnamargf a first magnetic material onto a
substrate and applying a second nmagnetic field along a
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coincides with the second easy axis, a second portion of the deposited magnetic material
residing on the second substrate portion has a second magnetic orientation that is at least

partially aligned with the second easy axis.

In another particular embodiment, a magnetic random access memory (MRAM)
is disclosed. The MRAM includes a substrate including a first substrate portion having
a first easy axis and a second substrate portion having a second easy axis. The MRAM

also has a film that includes magnetic material deposited on the substrate. The film



partially aligned with the second easy axis. [0008] In
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substrate including a first substrate portion having a

first easy axis and a second substrate portion having

a second easy axis. The MRAM al so has a filmthat
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1V.  Brief Description of the Drawings

[0011] FIG. 1 is a diagram of a particular illustrative embodiment of an apparatus to

deposit a magnetic film;

[0012] FIG. 2 is a diagram of a particular illustrative embodiment depicting deposition

of a magnetic film that forms a portion of a magnetic random access memory;

[0013] FIG. 3A is a diagram of another particular illustrative embodiment depicting
deposition of a magnetic film that forms a portion of a magnetic random access

memory;



[0012] FIG 2 is a diagramof a particular
illustrative enbodi nent depicting deposition of a
woregneo2ed2 fi I mthat forns a portion of a magnek¢TUS2009/048248
random access nenory; [0013] FI-&- 3A is a di agram of
anot her particular illustrative enbodi ment depicting
deposition of a nmagnetic filmthat fornms a portion of
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another particular illustrative enmbodi ment o
afbpargnas rhdodepwsismemeggnetic film and [0020] FI G
7 is a flow diagram of a particul ar enbodi rent of a

met ho f-fabrj.cating a net i rrandom access ne .
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of aghgibtieframdop@iddessuhaholyt | ustrati ve enbodi ment of an
apparatus to deposit a magnetic filmis depicted and

general |y designated 100. The apparatus includes a
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electrically conducting material or another
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[0021] Referring to FIG. 1A, a diagram of a particular illustrative embodiment of an
apparatus to deposit a magnetic film is depicted and generally designated 100. The
apparatus includes a deposition chamber 102 defining an enclosure in which deposition
of a magnetic material may occur. The deposition chamber 102 is encircled by a first
coil 106 having a first orientation and made of an electrically conducting material. The
deposition chamber 102 is also encircled by a second coil 108 having a second
orientation and made of the same electrically conducting material or another electrically
conducting material. An object 104 on which a first magnetic material may be
deposited may be placed within the enclosure defined by a trench in a substrate. The
substrate may be supported within the deposition chamber 102 by a support chuck plate
103. In a particular illustrative embodiment, the object 104 includes a first wall 109, a
second wall 110, a third wall 111, and a fourth wall 113. In a particular illustrative

embodiment, prior to placement in the deposition chamber 102, the object 104 has been



conducting material. An object 104 on which a first
magnetic material nay be deposited may be pl aced
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[0022]
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[0024]

[0025]

[0026]

substrate. The substrate may beSsupported within the

deposi tion chanber 102 by a support chuck plate 103.

In a particular illustrative enbodi nent, the object
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of magnetic field generating apparatus. [0024] In a
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spatially within the deposition chamber 102.

In operation, the deposition chamber 102 may contain magnetic particles in a
gaseous state to be deposited on the walls of the object 104. The magnetic particles may
include an illustrative magnetic particle 122 that may have a first magnetic orientation
that is substantially aligned with the first magnetic field 130, and a second illustrative

magnetic particle 124 that may have a second magnetic orientation that is substantially

aligned with the second magnetic field 132.

In a particular illustrative embodiment, prior to deposition of magnetic particles,

the object 104 may be positioned within the deposition chamber 102 with the easy axis



spatially within the deposition chanber 102. [0025] In
operation, the deposition chanber 102 may contain
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on the walls of the object 104.-6Fhe magnetic particles

may include an illustrative magnetic particle 122 that

may have a first magnetic orientation that is
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herein (three dimension) may result in lower power consumption and higher MTJ
density of the resulting MRAM in comparison with MRAMSs that are made with MTJs

fabricated by other methods (e.g. one dimension).

In another particular illustrative embodiment, the first magnetic field 130 and the
second magnetic field 132 may have a substantially uniform field strength throughout a
portion of the deposition chamber. In this case, magnetic particles being deposited may
tend to align along a resultant magnetic field that is a vector sum of the first magnetic

field 130 and the second magnetic field 132. The magnetic particles deposited onto the



magnetic particle 115 that is subject to the second
magnetic field 132 nmay be aligned along the easy axis
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magnetic particles forma magnetic film 208 that may
i ncl udefer@ip/toraGegMl @liagram of another particular illustrative embodiment

depicting deposition of a magnetic film that forms a portion of a magnetic random
access memory is depicted. A substrate 302 has been placed into a deposition chamber
to receive magnetic particles that form a magnetic film 310 on the substrate 302. The
deposition chamber (not shown) may deposit the magnetic particles via physical vapor
deposition, plasma enhanced physical vapor deposition, or via another means. A
magnetic field 308, which is typically of low intensity, e.g., less than 100 Oersted, may
be applied during deposition to the space within the deposition chamber. Magnetic
particles, such as magnetic particle 306, may become aligned along a direction of an
applied magnetic field 308 during deposition while in the presence of the magnetic field

308. The substrate 302 may have an easy axis 304. Prior to deposition, the substrate



t hi cknesses of nagnetic particles. The magnetic
particles that are deposited may have random magnetic
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P8 of "t he magnetic field 308, which is parallel

to the easy axis 304. The nmagnetic particles deposited

on t hRefutsd todtl€. 3B2a diagint SRande@n particulbi 1llstadk e ewbiodiiment
may have an average nagnetic orientation 312 of the
ﬁ%‘a@ﬁa& deppution ef %@awﬁtﬂﬁufﬂmﬂh@t e peIEion of gymgpcticagndom

9&%5%850&% 'dé}%}lbt%] i?’l]lér {o&f2 gﬁﬁ&jﬁ %h@su%%ﬁt@@b?ﬁlag %5 pP?lg?TI]led

direction-o e average gnetl c orientation
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reduced from the angle of deviation that may occur without the presence of the
magnetic field 308 during deposition. Thus, as a result of the low intensity magnetic
field 308 applied during deposition, the magnetic orientation 312 is at least partially
aligned with the easy axis 304 of the substrate 302.

In a particular illustrative embodiment, the magnetic field 308 may have a
magnetic field strength that is less than a few hundred, e.g. less than 100 Oersted. In
another particular illustrative embodiment, the magnetic field 308 may have a magnetic

field strength that is less than approximately few tens Oersted. In yet another particular



Alignment may result in an increased Tunnel
Magnet oresi stant Ratio (TMR) of a fabricated MIJ. Wen
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deposi tion method described her&-n may result in |ower
power consunption of the resulting MRAMin conparison
wth MRAMs that are nade with MIJs fabricated by other
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mcﬁlﬁi]e%@g lgy gﬁmag%ettlé&u ﬁ such asMTT 1€ Jl"ﬁe MTJ
416 includes a pinned ferromagnetic layer 418, a tunneling barrier 420, and a free
ferromagnetic layer 422. The free ferromagnetic layer 422 may include a portion of the
film 408 shown in FIG. 4A. The fixed ferromagnetic layer 418 may include a portion of
the substrate 402 shown in FIG. 4A. Thus, a substrate 402 that has a magnetic film 408
deposited on it may be patterned into a plurality of MTJs, forming a magnetic random

4CCCSS MEmory.

Referring to FIG. 5A, a diagram of another particular illustrative embodiment of
a portion of a random access memory is shown and generally designated 500. A
magnetic tunnel junction (MTJ) cell 502 includes a plurality of walls, with each wall
having a corresponding pinned magnetic layer. A first wall 504 has a first casy axis

508. A second wall 520 has a second easy axis 524. A third wall 506 has a third easy



anneal ing, in which the easy axis 404 is positioned
along a direction of a strong magnetic field (-210000

wa@ershes3) 410 and the substrate 402 and magnekPCTYUSI0091048248
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408 are elevated in tenperaturdOfor a pre-deternined
period of time. As a result of magnetic annealing, the
magnetic particles, such as magnetic particle 406
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closely with the corresponding easy axis, which can result in an enhanced tunnel

magneto resistant ratio (TMR) of the MT1J.

Referring to FIG. 5B, a diagram of another particular illustrative embodiment of
a portion of a magnetic random access memory is shown. During deposition the device
502 may be within the deposition chamber in which the first low intensity magnetic
field 516 and the second magnetic low intensity magnetic field 518 are approximately
uniformly present throughout a region of the deposition chamber in which the device
502 is placed. Magnetic particles that are deposited on walls 504, 506, 520, and 522

may tend to align along a resultant magnetic field direction 530 that is a vector sum of



magnetic field 516 is applied and localized to a
regi on of a deposition chanber (not shown) that

w0 pobiekss2 t he third wall 506. A second magnet i BCT/082009/048248

[0039]

[0040]

[0041]

intensity magnetic field 518 wilth a second direction
may be applied and | ocalized to another region of the
deposition chanber that includes the first wall 504,
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608, 612 and 614. Through the use of low intensity magnetic fields 608, 612, and 614,
a deposited magnetic particle of a magnetic film may be at least partially aligned with a

corresponding easy axis of a wall on which the magnetic particle is deposited.

Referring to FIG. 7, a flow diagram of a particular embodiment of a method of
fabricating a magnetic random access memory (MRAM) is shown. At block 702, a
substrate is placed in a deposition chamber with a first magnetic field direction aligned
along a first easy axis of the substrate and a second magnetic field direction aligned
along a second ecasy axis of the substrate. Moving to block 704, a first low strength
magnetic field is applied along the first magnetic field direction within the deposition

chamber and concurrently a second low strength magnetic field is applied along the



502 is placed. Magnetic particles that are deposited
on wall's 504, 506, 520, and 522 may tend to align
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a vector sumofthe first magnetl2e field 516 and the
second magnetic field 518. Each magnetic particle may
have a magnetic orientation with a conponent along an
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axis of a wall on which the magnetic particle is

deposi t ed. [0041] Referring to FIG 7, a flow di agram
of a paiteragamadivenbodpeiating en MR Ak fabdcaed as described herein may

be coupled to a processor such that the processor can read information from, and write
information to, the MRAM storage medium. In the alternative, the storage medium may
be integral to the processor. The processor and the storage medium may reside in an
application-specific integrated circuit (ASIC). The ASIC may reside in a computing
device or a user terminal. In the alternative, the processor and the storage medium may

reside as discrete components in a computing device or user terminal.

The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the disclosed embodiments. Various

modifications to these embodiments will be readily apparent to those skilled in the art,



fabricating a magnetic random access nenory (MRAM is

shown. At block 702, a substrate is placed in a
wa@leposizedoNn chanmber with a first magnetic fi el BCT/US2009/048248

direction aligned along a firstl3easy axis of the

substrate and a second nmagnetic field direction

al i gned al ong a second easy axis of the substrate.

Mol/thogrinaples defncdibreia nfayrtetapbbed ®tatlergttbodmgmet wizhout

field is applied along.the first netic field . :
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appl i ed al ong thesecond magnetic field direction
pessibilncansistedepabithd pimcgiendiemovibleiturestas dpfimikby7hé following
qﬁtionally a third magnetic field is applied along a
P magnetic field direction with which a third easy
axis of a portion of the substrate has been aligned.
The third magnetic field is concurrently applied with
the first magnetic field and the second magnetic
field. Proceeding to block 708, magnetic material is
deposited onto the substrate, formng a nmagnetic film
on the substrate. Advancing to block 710, after
deposition is conplete, the substrate with the
magnetic filmdeposited is subjected to nagnetic
anneal ing at an el evated tenperature using a first
hi gh strength nagnetic field applied along the first
easy axis and a second high strength magnetic field
concurrently applied along the second easy axis.
Moving to block 712, optionally, a third high strength
magnetic field may be applied concurrently along a
third easy axis during nmagnetic annealing. The net hod
term nates at block 714. [0042] In operation, by
applying a low strength magnetic field along a
direction corresponding to an easy axis of a surface
of a device during deposition of a magnetic film the
deposited nagnetic filmmay be at |east partially
aligned with the easy axis. Especially for three

di mensi onal MIJ structure, deposited magnetic film of
each wall will be partially aligned with each easy
axis. As a result of alignnment of the magnetic film
prior to nagnetic annealing, the device, such as an
MIJ cell, especially three dinensional MIJ, nay
denonstrate i nproved operating characteristics such as
i ncreased Tunnel Magnetoresistant Ratio (TMR). MIJs
fabricated in this nmanner may operate with | ower power
consunption and higher MIJ cell density than MIJs
fabricated by other nethods.
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fabricated as descri bed herein may be coupled to a
WEewomessr such that the processor can read i nPOF/DBI00D048248

from and wite information to,l4the MRAM st or age

medium In the alternative, the storage nedium my be

integral to the processor. The processor and the

storage nedium may reside in an application- specific

MW AJTE €EHAEMEIIS: (ASIC). The ASIC may reside in a
conmputing device or a user termnal. In the

R b L e R S T

user uglyinpalfirstirddhdiic Tibled apor@\d Orgsdidesioh i tegionoih witieh a
di scl osed enbodi nents is provided to enabl e any person
skilled i nS%hﬁtﬁatﬁrr%SIQeé iR 2 dePQRion ol NGERESEH material onto the

enbodi nent
oroodi ot SubsA! oAt aERc N coMkEPe first maanctic

in the artnmnmwthadpr|n0|ples defined herein may be

applied.to other enbodi S. W t hout arting, from

the stypEngs spepud d]il%‘%gﬁ al Oﬁ&?ssecwﬁf Bﬁﬂag%m the region during
di scl osur eqegicpQitiddéaRd Gkt hﬁgﬁ@ad ARGk PthkRBbstrate.

embodi nents shown herein but i's to be accorded the

W dest scope possible consistent with the prlnC|pIes

and novel. fRaddr?S1a3 1d %El%ﬁgthgﬁr&rfﬁagfn@ﬂlé ﬁWdrégd the second
claims. WHAT IS CLAIMED'I'S:” 1. of aligning a

nmgmﬂmdéktmbmpphhbnmmpMMdanMphesmmgmﬂapply|ng a first
magnetic field along a first direction in a regionin
whi ch a substrate resides during a deposition of a
first3niboetctiodrdickiimadl, whatein thhdirgwghetd B¢ldwhé tied second

t he ic fi nprises the first gnetic
W&g%qchne’% %lrﬁ(ﬂ‘paiﬁfgi ‘%FW@ ALOTURIhIMGEYRYRi ¢ fiel d al ong a
second direction in the region during the deposition

c material onto the sybstrate. 2.

of the first ghe
The nt RBeMstho n@wé&fm 1, jherer) the et npagnstic Helddeyignted
gﬁdjgb}gnﬁﬂiqi){ g?@llé’lqg Q @Qst%ﬁgﬂa%&é Ged ﬁfFLgoﬁBS 093}%0 Pﬁgﬁa?é and the

I oOXIl MA he sane tine. 3. alm 2,
memﬁemgnehm ﬁalal storrragdeppoximatly pardlet tver wecohehsy axis of a

magnet i [d a plied during a common tine

?%ﬁ%&B lonﬂ?ﬂ?ﬁﬁﬁﬁﬁﬁﬁod of claim1, wherein the first
magnetic field is oriented approximately parallel to a
fir f fir r n of th r

alndS: 1512 %ﬁg rne)ilod 0(% cla?m lI w ereri)nothte Iﬁ(l.)rst n?agntetlce ﬁgll('il%?l's: a %trset magnetic
field strength, wherein the first magnetic field strength has a value of less than

approximately 1000 Oersted.

6. The method of claim 1, wherein the second magnetic field has a second
magnetic field strength, wherein the second magnetic field strength has a value of less

than approximately 1000 Oersted.

7. The method of claim 1, wherein the substrate comprises a second magnetic

material.

8. The method of claim 1, further comprising, after the deposition of the first

magnetic material, magnetically annealing the first magnetic material, wherein the



second magnetic field is oriented approxi mately
parallel to a second easy axis of a second portion of

W@ beosus3trate. 5. The nethod of claim1l, wherBCTUS1969/048248
first magnetic field has a firdf-magnetic field
strength, wherein the first magnetic field strength
has a value of |ess than approximately 1000 Cersted.
fhagidie alrmezﬁ'mg cofpdiba@i app lyingvh thieli magnlegc Seldao thamegioas the third
field. tic field strength, wherein
e s ST ST beRR A Sag bR g BT vt e of 1 ess
t han apprOX|nater 1000 Cbrsted 7 The net hod of

claim. 1, wherein t e substrat ri ses, cond. . .
magne? dheethadof © asm STHECHRH magngtic, ﬁde hasa thid magnetic

EQIGR% %tﬂ Bhat @J?ée%&s 4 h?stﬁf‘a Rétictﬁé?@s {] g&ﬁ‘&‘ss&élét%& vd?ﬁi%ﬂ@hfs‘%
material, nmagnetically annealing t first magnetic
mageaticdield.wher ei n t hemagneti ¢ anneal i ng conpri ses

applying a third magnetic field to the region, the

third magnetic field oriented substantially along the
firstiai Thaa:miethnd 08 clath &, fuethhocbnayfristigaappl8ng whianth magreéc field
third magnetic field has a rd. magnetic

he Frt o tRate e dagh lalagl?qt@?l eﬁ@ﬂ&&é&@ﬂ@dfﬂﬂa@t@ﬂy alogeihe
asspeiatednM th the first magnetic field. 10. The

nmet hod of claim 8, further conprising applying a

fourth magnetic field to the region, wherein the

fourthy ”’@gé‘%%{h%dfo!f ‘é‘iaﬂn'l@ \% r@fﬁttﬁé’ %%1 h@hEM 13k QBurth

t he secon I'rection. 0 c aim1

wheneicrfic] hgrdngtir thht emgfrd‘stal secdndehagﬂaas fialdfstrangth a55001ated with the
magneti c fie(ﬁ strength that exceeds a second magnetic
?qugn@g?%ﬁ’f d-associated with the second magnetic

field. 12. The nethod of claim1, wherein the

substrate co a first s bstrate portion having
A firsh Lape n@lﬂi@ sl 4. betsid S SHSHIRISIQMPESEY on

havi ng fat §%%f$ fRREMh BXifk 2 RRE E%Z%xfs@%d%%@@&ﬂd%ﬁ@s&a%e portion
oriented wthinthe region so th first easy axls

I's orient ebasubstannd addyyxal ong the first direction
and t hﬁerselenctﬁg %Iubes?raye 1S orlente(? within the region so that the first easy axis is
oriented substantially along the first direction and the second casy axis is

oriented substantially along the second direction.

13. An apparatus comprising:

a deposition chamber configured to deposit a magnetic material onto a substrate,
the deposition chamber including a deposition region;

means for applying a first magnetic field within the deposition region, the first
magnetic field oriented substantially along a first direction;

means for applying a second magnetic field within the deposition region, the
second magnetic field oriented substantially along a second direction;

wherein the magnetic material is within the deposition region during a

deposition process.

14. The apparatus of claim 13, wherein the first magnetic field has a first

magnetic field strength that does not exceed a few hundred Oersted.



oriented substantially along the second direction. 13.
An apparatus conprising: a deposition chanber
w@oibhiogpesed t o deposit a magnetic material ontRCEHUS2009/048248
substrate, the deposition chardér including a
deposition region; neans for applying a first nmagnetic
field within the deposition region, the first magnetic
fi el dlar Tenimdraubsitcnm B, mhesliothg fastimagntticdticlddias afiyrst
neans. f appl yi second neti.c fje ithin the
egagict ol gt iR REGRSeaT Shigramri b1 Borsfiant g
substantially along a second direction; wherein the
magnet i c terial is within the deposition regio
durin bﬁaT@%ﬁa@rwwf riBckls yherem &'Yﬁécoél&p%argé‘?‘ih% ﬁ%lg has a second
ﬁiagaéac_lf?ek% ywl%gﬁi Raf R hof Sl BORG!E ﬁ&ldtéaeb&stgas a first
magnetic fie strength that does not exceed a few
hundred Cersted. 15. The apparatus of claim 13, wherein
the fis [ j h £ LC. ELgl
St enbt P Ra ok 8D gRi e SRR B o scond
tapsdtedicld rengtiethaipdees adtuskcodd @lediumltd,Oankted.ei n t he
second magnetic field has a second magnetic field
strength that does not exceed a few hundred Qersted.
17. The appaipatdnss effclaial 3whdreimihe festilitcborse appdximately
magnetic field has, a second magnetic field strength
PHAENUSRY tAdhe ek GHE hundr ed Cersted. 18. The
apparatus of claim 13, wherein the first direction is
approxi mately perpendicul ar to the second direction. )
19. Th Eppairaraies offclamaldafurther eoipprdng By ios pppjying a third
S . ; g N '
FrEgAic R1 SRRINE By ricli SRR Siadfitd Ful condl Subelifally
slohg talitd dikdcyiomttandifferd fromahdfirse direiontandthodictérer direction.
fromthe first direction and the second direction. 20.
The apparatus of claim 19, wherein the substrate
conpr 2&eFhe @ppatdtsd ofuldist et thie 3ObIta dogniskd:r st
easy axis, a second substrate portion having a second
easy akirs subphgteaportinn Rpvangyk HFSheasy Beist # BFORG VYR atg portion
third easy IS j e, fi . L Sl . .
or ent od SLBPEnE T A DGl £ BpraRBMRp bR havipy g hird
€asy axis;

wherein the first easy axis is oriented substantially along the first direction, the
second easy axis is oriented substantially along the second direction, and

the third easy axis is oriented substantially along the third direction.



second easy axis is oriented substantially along the
second direction, and the third easy axis is oriented
wausvexss: al [y al ong the third direction.21. APCT/US2009/048248
appar at us conprising: a housind7defining an encl osure
configured to enclose a substrate including a first
substrate portion having a first easy axis and a
second substrate portion having a second easy axis,
t he syps r a magnetic material via
depos?fl%ﬁ%gﬁn?isc eséﬁﬁétrate is in the enclosure; a
firstahaghet ddiningdierginercatoafigned o enol@d atsabgeneinaluding a
a first magnetic field. in the enclosure, the first
magnetic f B auhﬁgeﬁerp@ﬂaonfq}amg heasy @xipjapgl g second substrate

directi on; &tl%ﬁq:l%g %%%H'egaf?ix% %&%‘B?&aﬁ% %rI'GCGIVG a l’nﬁl netic

conflgured to gener sec magnetic fireld in
encl osur e, mateeiabee dapbsmegnehilathe |sdi)s¢tat¢as' imtfec ancleswed

nagnetlc field.dLrection; wherein when the

agnet FE FAEEHho g e aos HTIHE BB eres b dBeenate ield in
the first grycRYS, tAe Fikdt lagROd iQd hefing REirdeRQaLGiEHeld
magnetic material residing on the first substrate

portion haéﬁqﬁmnrst magnetic orientation that is at
Ieast art|

wnor ef R Mt idB R bRt Borc Py R e Rivchig et it

coi nci des i thla chid16suS€ CRNSteRbagidtis fRIGREMa RRobhd MAgnetic
of the depogsited magnetic material residing on the
second subBeldabEctditi on has a second magnetic

ori en [

Che- o aRbeAMhdFhe v MagyERShe BALLRA Ao Rb MG LM Ss with the
wher ei n t hérst Bé[sstaxp;@r filsoporabn dhthe depasted ﬁdtgﬂag:nﬁitbﬁal residing
mat eri al and th gond ortlgn o; t he dEPOSIt

magneti c 2R i TPt USRS, HGRAaRT £ IFS Mgeagt ¢ Qlggtation that is at
partially (QYGLHNG aggn&%ﬁﬁ ff st Ay al beyappar at us of

claim 21, wherei netic tunnel junction is forned
from whpt@nt when 1rhf: stduxad mﬂgstuicaﬁéd anlgbtantiply toionidef withéhe second

?al\/gR,rA]\ E/; | gof I?!rsp’mg'lf‘ﬁ 40 80 2{19@?%%? ﬁ%ﬁ%g?@gﬁ“gﬂ crrgaltgnal residing on

substrate pRrsbidA siBMtRIpGHibh hida RSN AffetidMelicAtation that is at
second substrate portion having a second easy axis;
least partially aligned with the second easy axis.

22. The apparatus of claim 20, wherein the first portion of the deposited
magnetic material and the second portion of the deposited magnetic material form a

magnetic film at least partially covering the substrate.

23. The apparatus of claim 21, wherein a magnetic tunnel junction is formed

from a portion of the substrate and a portion of the magnetic film.



a filmincluding magnetic material deposited on the
substrate, the filmincluding a first filmportion and
w@2@enass2 fi | m portion; the first film porti onPCDuUpioed048248
to the first substrate portionl8wherein the first film
portion includes a first magnetic material portion
that is aligned substantially along the first easy
axis; the second filmportion coupled to the second

subst k at rti rei ' don
ot Uit 4T SEhe fn dUAREELS richor? FEROG LR, 7'
subst anrtisahicyindldiggadiralsobgratdygortec handnea siyst @xdyixis and a

wherei n during deposition of the fil the substrate
i s subj ect BEORGSUPSHAE POTHARJREINER FFPUIdLasyatisi s

orien sibsdi ' ] £ [ Pk :
t he s%%g?ratéhﬁghggt#égﬁégﬁgé&g&g%g%ﬁzkﬁggﬁgﬁégﬁ??Efgﬁhﬂng
that is oraéndédimpobsinaamtliaadetgndafilongprtibe second easy

axis. 2 The MRAM of claim 24, wherein the first
magneliedy AMPHRARs ooae THagibrIvert F @piegy P BHgLhe first flm
that is |eggtibhatiich aWrhiundnedc Halelhppbrabt tHahR ﬁgﬁ&ﬂd
magnetic field has a second magnetic field strength

that is | esubstahtiallyaalpesithisdhistreasy ©as;st ed.

the second film portion coupled to the second substrate portion, wherein the
second film portion includes a second magnetic material portion that is
substantially aligned along the second easy axis;

wherein during deposition of the film, the substrate is subjected to a first
magnetic field that is oriented substantially along the first easy axis while
the substrate is subjected to a second magnetic field that is oriented

substantially along the second easy axis.

25. The MRAM of claim 24, wherein the first magnetic field has a first
magnetic field strength that is less than a few hundred Oersted and the second magnetic

field has a second magnetic field strength that is less than a few hundred Oersted.



