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generally related to fabricating nmagneticir.andom access nenory. IL

Description of 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 personal conputing devices,

i ncluding wireless conputing devices, such as portable wrel ess

tel ephones, SREIFMAND METHOBSEO HAMFCATRNMAGRETICFANDOM ACEESS
that are small, |ightweight, and easMPM@qggled by users. More

specifically, portable wreless tel ephones, such as cellular

t el ephones and Internet Protocol (I1P) tel ephones, can conmunicate

voi ce and data packets over w rel ess networks. Further, many such

Wi rel ess tglephgﬁgg i ncl ude ot her types of devices that are

i ncorporated therein. For exanple, a wireless tel ephone can al so
include a digital still canera, a digital video canera, a digita
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can process executable instructions, including software applications,
such as a AESHPEWEEr application, that can be used to access the
Internet. As such, these wireless tel ephones can include significant

comput i ng quabibéis@,i,pﬁm bPREBIAE M ci ng power consunption has led to
smaller circuitry feature sizes and operating voltages within such
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devices, including wireless computing devi(-:es, such as portable wireless telephones,
personal digital assistants (PDAs), and paging devices that are small, lightweight, and
easily carried by users. More specifically, portable wireless telephones, such as cellular
telephones and Internet Protocol (IP) telephones, can communicate voice and data
packets over wireless networks. Further, many such wireless telephones include other
types of devices that are incorporated therein. For example, a wireless telephone can
also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process executable instructions,
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.
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magnetic field oriented substantially along a first direction. The apparatus further

includes means for applying a second magnetic field within the deposition region, the

second magnetic field oriented substantially along a second direction.

[0007] In another particular embodiment, the apparatus includes a housing defining an
enclosure 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. The substrate
1$ to receive a magnetic material via deposition while the substrate is in the enclosure.
The apparatus further includes a first magnetic field generator configured to generate a
first magnetic field in the enclosure. The first magnetic field has a first magnetic field
direction. The apparatus also includes a second magnetic field generator configured to
generate a second magnetic field in the enclosure. The second magnetic field has a
second magnetic field direction. When the first magnetic field direction substantially
coincides with the first easy axis, a first portion of the deposited magnetic material
residing on the first substrate portion has a first magnetic orientation that is at least
partially aligned with the first easy axis. When the second magnetic field substantially
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.

[0008] 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
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IV.  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;



of an MRAM One particul ar advantage provi ded by at | east one of the

di scl osedygnp@@dosmnts is that an MRAM t hat i ncor por at espSigsaio/iRb&
MIJs fabricated according to one or nore af- the di scl osed enbodi nents
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or all of the MIiJs within the MRAM [00101 O her aspects, advantages,
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review of the entire application, i1ncluding the follow ng sec

Bri ef Descdepisiton of magmetr flun tys forDetagioktéeh desnagnetic omdoamatcedse
Claims. |V. Brief Description of the Drawings 10011]FIG 1 is a

di agr am of "8¥"PA¥t i cul ar illustrative embodi nent of an apparatus to
deposit a magnetic film [O00121FIG 2 is a diagramof a particular
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magnetic random access memory,

[0017] FIG. 5A 1s a diagram of another particular illustrative embodiment of a portion

of a magnetic random access memory;

[0018] FIG. 5B is a diagram of another particular illustrative embodiment of a portion

of a magnetic random access memory;

[0019] FIG. 6 is a diagram of another particular illustrative embodiment of an apparatus

to deposit a magnetic film; and

[0020] FIG. 7 is a flow diagram of a particular embodiment of a method of fabricating a

magnetic random access memory.
V. Detailed Description

[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
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wall 113 has an easy axis 120.

[0022] The first coil 106 may produce a first magnetic field 130. The second coil 108
may produce a second magnetic field 132. In a particular illustrative embodiment, the
first magnetic field 130 is approximately perpendicular to the second magnetic field
132. In another particular illustrative embodiment, the first magnetic field 130 may be

at an oblique angle with respect to the second magnetic field 132.

[0023] The first coil 106 may produce the first magnetic field 130 when a first electrical
current (not shown) passes through the coil 106, and the second ceil 108 may produce
the second magnetic field 132 when a second electrical current (not shown) passes
through the second coil 108. In another particular illustrative embodiment, the first
magnetic field 130 or the second magnetic field 132 may be provided by permanent
magnets, which may be arranged in a ring or other structure surrounding the deposition
chamber 102. In yet another particular illustrative embodiment, the first magnetic field
130 or the second magnetic field 132 may be provided through use of an alternative type

of magnetic field generating apparatus.

[0024] In a particular illustrative embodiment, each magnetic field may be localized

spatially within the deposition chamber 102.

[0025] 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 1s 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.

[10026] 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
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incorporated into an MRAM, MT]Js fabricated using the deposition method described

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).

[0028] 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
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deposited magnetic particles along the easy axis 206 of the substrate 202.

[0031] Referring to FIG. 3A, a diagram 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, ¢.g., less than 100 Oersted, may
be applied during deposition to the space within the deposifion 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
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to foul' aingensity omgoétiafiehd gaédiang deeitioactbe ssgleehdevatipanddtahdybe small,
desi gnat ed. 200.. A substrat.e,.202 in des a second nmgneti ter,ial
Chat “has  aiStaRt MR HRER ST Rofko AR e PR it P 208 Lscpssy
The secondag@g0et Thudyas etdsalt oMtenb® ifitBesiSURSineat ScR0RDMYinP deprithm! ad
to as "pinned" in orientati onéiil_al SO "gl nned 1 ayer" herein).

[ 0030] Dur i FagHepaslint 3 ¥his closply adgnedivita thesasy axih d04abbe sehseae@2becone

coated wt [ i rdéicle e if1on it
magneti c n&l@'%gﬁéﬁl%% lﬁ% i p%l?}grl%%% ﬂugggw&%%%ﬁg{}?tgﬁﬁ{%@?m%anced
physi cal vé&eicadepUB). t Wasn inebrporacdingd REMRYSANMTIE foeicated abing the

deposition. As_magnetic particles are deposited on the substrate 202,
t he magnet HePgsirniTestied deserbed haagin apavaesult imlower Rover corspmphien gi&enany
nmol ecul ar I RN d@% ol RisGh ARty 1

that are dg‘%’gg%ﬁgg‘g mayﬂ'L%tv ?%ti’l%g/rlﬁﬁ ?r‘ﬂagnetsﬁgatoa}?glﬁtgg?’?@r%ﬁﬁﬁﬁgéa%w
206 represetlicsmathodasy axi s of the substrate, which is a preferred
direction of orientation associated with the substrate shape and a

pi nne netic layer wthig.the. substrate 202.. result qf .the
P ol Bl ont at ReftTios W . dBpb Gibt phaie Db HeSaelratiocidshe
typically gepitma@ipbsitish 098 MRBhetRf AilhhRaO0RRAS h hEdioRRY A deGe @ fhishes
al ong the easy axi s 206 of the substrate 202. [0031]Referring to FIG

3A, a di agreaesomemant depigtedt Peigr tordappsitien.rthe substrelaB0 immerbe positioned
with the easy axis 304 along a component of the magnetic field 308, As aresult of the

presence of the magnetic field 308 during deposition, the magnetic particles deposited
may be aligned parallel to the magnetic field 308. By applying the low intensity
magnetic field 308 during deposition, the angle of deviation 314 between an average
magnetic orientation 312 of the magnetic film 310 and the easy axis 304 may be
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.

[0033] 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



depicting deposition of a magnetic filmthat fornms a portion of a
magnet i ¢ w@ngRmuagsess menory is depicted. A substrate %F%Q'@ "

pl aced into a deposition chanber to receiwe nmagnetic particles that
forma magnetic film 310 on the substrate 302. The deposition chanber
(not shown) may deposit the magnetic particles via physical vapor

deposi tion; rﬁﬁ%xﬁ’lﬂa I L L igon, i not her
means. A rr}alédr%gtl c fie gﬂgrggthe%%gﬁﬂl %M?;?gﬁé’gsﬁ’gq%s% t%PE[(%HV\E/l ?ﬁ%ﬁé{r?gfet%)’/g%
e.g., |essldshénnl00 Oeestst.ed, may be applied during deposition to the
space within the deposition chanber. Mgnetic particles, such as

magnet i article_.306, cone, al i gne ong.a direction of an
onl B gne: § RERTERAIAY- Ar RGO S HRT TP ? HEBHER o
t he magnet kg ohited £in308a sﬂﬂ%ﬁa@qﬁﬁtﬁﬁﬂs\?&ﬁaoﬁya% SetRFafRY ad¥tSmefdry.
Prior to deposition, the substrate 2010/ 002632PCT/ US2009/ 048248

-8- 302 ndysubstrgod0? honeglasensy hats 404 daprsyivak b say80df msagratic gradetiabi t h

the magneti.c_f.iel d 308, rj .deposi.tion the netic particles may
2l g ¢ nomtePYRE QBB ied i) (A RBRG enai bt PRRTG YERRS SRR g Vi
field 308, aMkth&mésms PTnAkhBtrafe @0k R ﬁféﬁﬁa??ét@ fi8R408 AhesuBRERAS fragnetic
particles deposited on the substrate 302 Tormthe magnetic film 310,

whi ch may hanasling inwdichdbe petyriets 404gs pesitiencd slpngrxlirsctiomel astemet i ¢

par 1 LS WL, KOS CRARBEFH | AR o D 208 302 R oo

ori ent at i osle3didd i RptReure dsh Psideted@thed Porigd bRGEME L Aeh Rl ofingnbie
low intensity magnetic field 308 during deposition, the angle of
devi ati on 312caHag, themagratic particdiscsichyis megnetipgprticle 1186 wathingheresgneic

t he avera eI i : i 04 as
a result gﬁ 1@%%@%%0”%@2@5 %L}%%éo%‘ iogﬁl% %F@qeggg%ﬁlloﬁ@% daelﬁglgilp’té‘?tgrn,

t Ee mag net h[aghgtgdzmﬁéﬂ_idgs a hm@emn@gﬁegfl efemhtidn 41&eafemeﬁql<_pmi81|@§fw®thin

t he substrate .. | nt _nmay.resuylt n an I NCfease unne

Magnet or esf Ia?&neﬁaﬁra%??mubatﬁ?{%@@ﬁ%&%ﬁs%rsyw&. Onahs n@g}ypaoveaé@all
| ntoan M1 MFdsvibdhld 10 ek WatRE ke AeRORIE L O B RO Mo SRR HaARks

herein may result | ower power sunption of the resultTng
conpar i sonofirtagné¥iRANm 408dfomithe emylexiviiOh Wiis nfagheticcanedinigyseotch ar

thods. [Q032| Referring to FIG 3B, .a diagr. f ]
Tl st ra st gaRel g b pEeedtaric B 0k B IR prE:
forms a poplip@d diking dEREGNRIN I8 HANAQMAEELRS SRABIYmhghedeBickt €d. Pri or

to deposition, the Substrate 302 may be positioned wth the easy axis
304 al ong a conponent of the magnetic field 308. As a result of the

preset®®BSbf t he 82 tocF Q. dBgthgoBb W 3y megsts filrs of FiGied Arhigiachc
particles i . | t-hC 8l

505, By aparin A EnPls RRomARER bftnor QBANERAC iR kBN 24
deposi ti onjndinies apirelitpfof deghétid oind Juhchiohn@dNIsarsusly &4 BIJY 4ragmas MT]
orientation,312 of the magnetic film 310 and the easy axis 304 may be
reduced fr 6%5 fedides g pEngd ?WW%QW&{I%W@@%& bagfiet i andhairee

presence Ofd, hiC4 i‘ i . WA . , .
eault of CRe T RYRCI Y SHE SRSt AR O ERRF 1A By NS B of e
deposi t i onfilmHé8 shgmein Ko Adide riflet fixed f&i@magnetit ldyensl8 pay irnchldeya portion of
aligned wt e ea is .3 substr 003

h t X of . t ate 302. 3]In.a
par £1 oul ar U ST RAg A osB Foh Lo SRAGHEE 40 it e Samtemays Flm 40
deposited on it may be patterned into a plurality of MTJs, forming a magnetic random

acCess MEmory.

[0036] 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



magnetic field strength that is less than a few hundred, e.g. |ess
than 100 ywBheieRE2633 N another particular illustrative enp@g,bgﬁlagmgtﬁge

magnetic field 308 may have a magnetic fig.d strength that Is |ess
than approxinmately few tens Cersted. In yet another particular WO
2010/ 002632PCT/ U82009/ 048248 -9 illustrative enbodi nent, the nagnetic

field 308 ﬁﬁ@ﬁ%ﬁs@z%@ BB ACY s 926.. B %ﬁ%ﬂc&%‘i’l Rt ed-

[ 0034] Referrlng to ano er partlcu rative
enbodi ment cels S&hman bebulgediaioateposifiod of mmgzmhs nxmetrraat Butihaticffositiva, the

portion of ic random a 4Q2 havi ng an
Basy axi s YRk oR AR %&ﬁ’@f hovhe f}%felowtﬁvwg a
magnet i c fkﬂa%&%él&@l@?s%@h% d S 1084168d &Pa Eb@' | &8l de Qﬁﬂéngf?ﬂ?x?o%z A are

or via another neans strate 402 and 't he mag et| C
subj ect ed slwwgghstindudas iieathirdgyalli Y06WA sdvond magafsxy: lawiistedd magnetic

posi ti oned a directi a stron i 100Q0
Corsted i hatihs SShi faiondod ertpoHEGASE et i HsShctresion of the
el evated i BefRNRAIRhMOE: th@trm@u&%s%h@ﬁfsewmm@d B65éREd walitszﬁeand/%ﬁe fourth
result of nmgnetic annealing, the magnetic particles, such’ as

magnet i ¢ pavetli@Lle PrioBtodephsihon, e mlg‘i@tm@y b omend@Bso thatribie thirdsebemtis i n
he d f h ft t
anneal | ng, S5 inpBiRga g o o B Sritavtenhie B 37 A 46V SRR e

W t hi n t he afi@gP@4te @phiok haAt8) ph&ll%%&h@éﬁcbﬁdhﬁé AdtRMEld bEg easy axis
404, as shown by a very small angle of devi at| on 414 of the average

magnetic field direction of the magnetic particles of magnetic film
408 f YRl he eady aefii“%’f ofghe presrpse o d@wréte%ﬁyéaqgnﬁgc Eeldy ad6 awl 518

further al uga,BGREHEG B85 Hshh MLk escARSLRG L4008 N o

have been part eposl e presence o
| ow str engahgmmlgngthecaaty ®lidof @eﬁaﬂmeﬁlach thegnigmetit ﬁ‘arndlB is ﬂé}ﬁmted For

substrate and gnetic film Fl 4A has been tter o forma
magnet | ¢ r SRABRF o BAREt lﬁ@ﬁwﬁe THORARRR dempsiiah oRinp bR Toehg ded iy
plurality gf;snpg @&trés‘f)oﬁ&iﬂé‘ﬁl thi Y&t 50 4( W‘%ﬁégneﬁé’ﬁeﬂ'tl@i% SWQheﬂ 1Gdepbiited

MIJ 416 includes a pinned ferromagnetic |ayer 418, a tunneling
barrier 420n thatdird wWallsd6fterdsdoralggreslvog thayerd 423, axiBHd 2f fldes, as aresuit of

i FrG aanes R oRF oY et T P10 8R4 b2 aeay Tertinlld 8 ron
of the subsiapate A%Qtzclédﬂmtrhre Befdsfted dthe MUIR of theSdshur @8 @ fhAidahat has

arragnetlcfllm 8 deposited on it may be patterned into a plurality

of MiJs, 1 oragnsity Binmeryprsbiod teahelbrivebtoealien amgibe respective casy axis

corresponding to the wall on which the magnetic particle is deposited. As a result, the
magnetic film deposited on a wall surface tends to be aligned along the easy axis of the
corresponding wall. Thus, due to the presence of the low intensity magnetic field
during deposition, a magnetic film deposited on a wall of the device 502 tends to align
closely with the corresponding easy axis, which can result in an enhanced tunnel

magneto resistant ratio (TMR) of the MTJ.

[0038] 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



[ 0036] Referring to FIG 5A, a diagram of another particular

i | ustratyyepgpeds ment of a portion of a random accessp@EBRFioHoHR248
shown and generally designated 500. A magnetic tunnel junction (MIJ)
cell 502 includes a plurality of walls, with each wall having a
correspondi ng pinned nmagnetic layer. A first wall 504 has a first
easy axis % :
vall 506 hglg%‘gsﬁ?@gﬂgggw 16 SRR R BEGMT FRASH S R1 Rbnody paticle
axi s 512. rafGave hmaghdticRRntatisn svithouranipoeestelang & G2 axibof fhegvall on

fabrication,.the MIJ cell 50 be subjected to depositijon of .
ragnet | ¢ VRS G RERPSUea0H 19 By OF HeleRA PAciy DByt s S Hih
a depositi @pthgtggﬁ%bngiﬁ%mmh afirst lowintensity magnetic field

516 is applied and’localized to a region of a deposition chanber (not
shown) that includes the third wall 506. A second nagnetic | ow

i nt en$1039] magneReferiinglod 167 6, avlinpram efewoihdr girtieeler ibnstraiiye saibagiptang df

and | ocal i zed_to .anot her ,reqi,on_of the, depoesition chanber tha

"l udee. t RS SarePaf e abpdl AitngiO Rt SRR 8T eEETRr sl dRler 600ty
522. Prior dé;ﬁqsﬁ%ﬁ%h@bmoﬂd@ﬁp@e& $pad®ih Wih H@p@iti&rﬂfeﬂlqgi@tid ﬂihaieribh@n
third easy axis 512 is approximately parallel to the first magnetic

field 516, ogmd OHasewsof drescdggndsiing caitidXpanpiedugsy Byt magegtip field
parall el t h LG T

breaence ofVtng TR SRERFLRe okl B2 Pl st (ol BRHGL Rlg 672 &
deposi t i onthigiaeho faadetting gés 624 ay phaduce a tiiepoagictid fehl 61e Sltornaivele
502 tends to_ align along the easy axis of the wa on which t

[ h
magnet i ¢ p&ad of|tle magnsdis disidsds, iy bk apIbe prodused e en plicsagte rrteg%s hap,
magnet . . | . . _
corr esponalmay el @b blafcd, G h ot vicihe SARARA Sl o ficlds,

deposited on the third wall 506 tends to align along the third easy
axi s PWAO] Thus, Aadevicer@Sunay lf a mhgnepic dsreret pmofiort ¢edl ihiarstage of dresichtgon.

field 516 d .the ond magneti g field 518, the et ] article
{hat ar e oGBSPYEYS b HECUAT Fae Vil FOF S5t S89¢ P B RGey heve
magneti ¢ f kdey KACEBOE sédogd Walll 622 tefithave adkédha cakPnds b4E ah@ s RAEd wye
easy axis corresponding to the wall on which the magnetic particle is

depgsi t edb65% gy heseir thirdiaasy weig A2A.i Buting ﬁmﬁé@gi thedevee Gl waky bsur f ace
Thus. due o ipEASE UL EFIRY 30 iS o Rncd ofeR SRRARH YR s g

deposi t i onmagnéeofidt 608,fthé sacoepesytarid a0 igoMaltdd £1bngd the ditestichan Ik
tends to align closely with the corresponding easy axis, which can
result in AFFOBAMRRREL TglA 6D, avddhfciyd cas aiami2 s grienied Fiong th dipaghon of

MIJ. [0038 i, g ' ticul

1] ust rat i o Srag e G, 20 eyl bPHe i b AL RR AL folds
menory i s $0%wri2 abd il hgeadie pagndticqrartidie sdevacembfittivmyprtiade §34, hiag beteme
deposi tion ghanber, in ich the first w i ntensit netic f.

516 and ¢ heGRAGHI HERSHERT e HHQ LD fhFt gHet SUmeLter maghese ek
appr oxi mat @by, ¢1nizhQ6Th Y TRIREE R }sB 'E)Pl&ﬂsr'ﬁﬁléns%h?agh&{b 2d1dd fk, depasl i on
chanber in which the device 502 Is placed. gnetic particles that

are deposi eadpenitedmiagsetiOphrticde6f 2 BREpetwntR2y hayt leamdartiollpblignedatitng

a resultant, TRABSSLE chdyHxts Hal il SPWHRAInd Makndid FariiSh Aepii Of

[0041] 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 easy 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



WD 20101002632PCT1US20091048248 - 11 - the first magnetic field 516

and the spsondopmanetic field 518. Each nagnetic parti cﬁ@r;ﬁgz{mgy@gggsa
magnetic orientation with a conponent aldgng an easy axis of the wal

on which it has been deposited, and so may be at |east partially

aligned with the easy axis of the corresponding wall. [0039] Referring
to FIG 6, s&ofl ﬁﬁgﬁéﬁcoﬁeléﬁﬁéé!% Witih hele ?551{1&{ H%a%ﬁt%}' Mﬁwﬁiﬁt}%w&%%@f
an appar at us used deposit a magnetic Imis shown and-general 'y’

desi gnat edo@ﬁlﬁlalip\adbpd)magne{m ﬁr:lhhmba@phﬁbﬂon@a imelsmagrepadield dlreﬁhﬂ)lch’lth

deposi tion of tic material .can r. Afi f ctrlcal
conduct i ngw?‘&hmgggﬁawlﬁ)‘?mo%oﬁtg?é‘t‘ Stratrha Eenf?@ﬂageﬁge% Klsecond
set of conglehditdid®ls ®nbade Bé ROPWER iR ﬁ%ﬁﬁ@&eﬁ@@i@ﬁfdn@ thd §éc€nd312
A third set of conducting coi 24 may produce a third magnetic

field 614. mgwmﬁﬁtld vBtoWedelm:ﬂo Lkt HS, mgmétclmatém@uméep@@&d @®1@the614

may be prod an altern t rrea t hat may, i ncl.ud en
magnet s, oroTaCaaRher HERHLC SHATRORe R R ret PafSe Trtothe o
devi ce 615déwltm idcorngiert ihe sﬁmﬁﬁi witwfetm@gheﬁ@hkmlde?@u@& %&ijéf:ted to
fabrication. The device 615 includes rect angul ar wal For exa

a first wamaged® anggaling\sé am clevpigd te@@@gﬂ@ﬁu@fﬁsoﬁrshhigbé@mwgnm#ld
may have ay q%ﬁ%g(g%%ﬁ%f} 'e§5y64% anﬁrﬁdsegondtr}hétg \r'\c’%,ngth mgérgn%%enﬁconcurrenﬂy

third easy p05|t|on evicce

posi ti Onedaﬁﬂleﬂhaingtthesefcbhﬁbas@aﬁis Mo EnS &blbsk DI, eptiehilg| zoﬂﬁdthhga
direction of the first (gnetl c field 608, the second easy axis, 640

i s ori ent edfrensdngagiicdiclerey 5p app ligdreneutaily alpngrchitd easyers Bipg and
the third etgﬂﬁeﬁsﬁé e Qh tﬁgﬁgﬁnﬁ%g‘%ﬂlﬂa{?ii ection of a third

magneti c f| resu resence of low intensity
magnetic fields 608, 612 and 614, each nagnetlc particle, such as a
magne{00d2parti cleof2@jonyhy ap)pigztmgm lawvisgaegth wiaghetic fied laidng tdirgagmet i ¢
field 640 that is,.a ector sumg {tl Eﬁgtwﬂel 8% 212 and.
614. Thr ou&PFf?SHBH‘I}Q% " FEWARCEASTTSFC 8 Vice dpsing depogihiah o3 Maggle
614, a dep@gh!@d (FRANEE hiaghAIlCfil6] Qa dpfaeeneﬁs%%hﬁy&héﬁ@mm e eﬁ’sty éx?sast
partially aligned with a correspon easy axi s of

t he magnet Eepqmﬂm for ‘élwesd@@ps)gmatl T S[tnmwlc} N@p@&imd mepgneticfile Oﬁeach vaallow
di agr am of artic t _of a nethod of .fabricat

manet ¢ r STBEPHELL Big@I0h (ke vd FbARSu Rt WRERSTELHE ghenctic
substrate fismpkiac &mbghetic dﬁmang | tBe dGhesYBedh aManfMEJ 41l sbptRUp elidee
field direction_aligned along a first easy axis of the substrate and

a second néwaEsiomal MdY gnay desensyatedmperied oRPiEHAS shayedeistice suol agxi s of
t he substr 5& B fﬁ\g
field is ag{ﬁ: I eéc\i@}‘ ong &g felélsst?a%ﬁ%g?%{lrhgg Z% rlggttg?%h ﬁﬁde? IR
deposi tion opésrawbamh Badr powettongmhptyorsanslddgived M DIceditt demgigi ﬂhamwg]’ﬂet ic
field is a?ﬁ)I j ed % g the 2010/ 002632PCT/ US2009/ 048248 -12 -
ricated by ot er methods
[0043] A storage medium incorporating an MRAM fabricated 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.

[0044] 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,



second nmagnetic field direction within the deposition chanber. Mving
to bl ock w@9y100pissPnal Iy a third magnetic field is applpefyddopsisdss
third magnetic field direction wwth whichsza third easy axis of a
portion of the substrate has been aligned. The third nmagnetic field
is concurrently applied with the first magnetic field and the second
magnetic f

deposi ted %ﬁi{ gletp PB&?%’%?"F ?g?&e&r?g(rﬁ%?n% pir%%%%g)? ?ég P{H% Hﬁﬁérﬁé h’itﬁout
substrate. d@fdmarrgﬁrmg theascbpc) okthg ﬂﬁlscloaﬁltee Thdepbs ptesan dlsslosmﬁm witentendeel
substrate w c film 0 |te iS 'S b ected to mggnetic
anneal i ng 4 odlimdrebaeg %%E%Sg?ﬁ E‘%‘ieﬁb uj T forketacherghd L @Gy Reove
magnet | ¢ f bidsshiapdslsedt aﬂlﬂa@ge biRiBIbd ald RASYEANS A0dnfARCARTIRNR
strength nagnetic field concurrently applied along the second easy
axi s. Movi plgim® bl ock 712, optionally, a third high strength nmagnetic
field my be applied concurrently along a third easy axis during
magneti c annealing. The nethod term nates at block 714. F10421ln
operation, by applying a | ow strength nmagnetic field along a
direction corresponding to an easy axis of a surface of a device
during deposition of a magnetic film the deposited nmagnetic film may
be at least partially aligned with the easy axis. Especially for

t hree di nensional MIJ structure, deposited nagnetic film of each wall
will be partially aligned with each easy axis. As a result of
alignment of the magnetic filmprior to nmagnetic annealing, the

devi ce, such as an MIJ cell, especially three dinensional MIJ, may
denonstrate i nproved operating characteristics such as increased
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. [0043] A storage nedi um

i ncorporating an MRAM fabricated as described herein may be coupl ed
to a processor such that the processor can read information from and
wite information to, the MRAM storage nedium In the alternative,
the storage nmediummay be integral to the processor. The processor
and the storage nediumnmay reside in an application-specific
integrated circuit (ASIC). The ASIC may reside in a conputing device
or a user termnal. In the alternative, the processor and the storage
medi um may reside as discrete conponents in a conputing device or
user termnal. [0044] The previous description of the disclosed

enbodi ments is provided to enable any person skilled in the art to
make or use the disclosed enbodi nents. Various nodifications to these
enbodi nents will be readily apparent to those skilled in the art, WO
2010/ 002632PCT/ US2009/ 048248 - 13 -



and the principles defined herein nay be applied to other enbodi nents
w t hout departing fromthe scope of the disclosure. Thus, the present
di sclosure is not intended to be limted to the enbodi nents shown
herein but is to be accorded the w dest scope possi bl e consistent
with the principles and novel featured4as defined by the follow ng
claims. 14 CLAIMS 1. A nethod of aligning a magnetic film the

met hod conprising: applying a first netic field along a first
direction in a region in which a suﬁbﬁ&ﬁﬁ% resi des during a
deposition of a first magnetic material onto the substrate, wherein
the magnetic filmconprises the first magnetic material; and applying
a second hagnehh&ﬂﬁheﬁdﬁgﬁoggn&gsﬁ@dﬁdndﬁnmﬂhddnmﬂpmsmge regi on during
t he deposition o[ .t he c materi.al .onto the subst ate

i irst nma g}

wher o1 the. SOt Sl Ban LTGRO (B TA PN D ® The
met hod of claim1, gber@l 1@51@5%J1ln"g%tdeﬁ@§ﬂt'ftﬁtdf% ﬁisﬁh@n@n@mfai@ﬁaﬁ&@&m@
magnetic field aresagplle at approximately the same tinme. 3.

net hod of claim 2 Bragg, hersdn the magnetisdfH et omprises the ﬁrﬁﬂntaa@et@ewwl
magnetic field are g VVﬁplled during a common time interval. 4. The

met hod of claim1, erein the first magnetic field is oriented

appr oxi mat el y gpabatd ®fectind magnetis ffickledyngaxiesoraf digcfior mtthpmptanaturiof titche

substrate and the s cond field is oriented Jr oxi mat e
paral lel to a secontgP&as! nqu 8$m§g§@88ﬁ@“B%PWP3ﬁ”ﬂggﬁﬁﬁwhﬂﬁggbéte.
5. The nethod of clsabmaie coMRsed Nsdeb@d hbgrietic R@MRLI C field has a
first magnetic field strength, wherein the first magnetic field
strength has a value of |ess than approximately 1000 Cersted. 6. The
met hod of Cla'm%netWS@dlﬂzﬁh%v!§?&Qﬂl@f@%ﬁ%éﬁcfél@hﬁhEfI'l An3REQ Rdic

magnetic field strength, wherein the sec magnet i c str ngth
has a val ue ofﬁ@és®€mhbmiappmoxmwaﬂgﬂysm®EQHGErsted

[#8)

The method of claim 2, wherein the first magnetic field and the second magnetic

field are applied during a common time interval.

4. The method of claim 1, wherein the first magnetic field is oriented approximately
parallel to a first easy axis of a first portion of the substrate and the second
magnetic field is oriented approximately parallel to a second easy axis of a second

portion of the substrate.

5. The method of claim 1, wherein the first magnetic field has a first 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.



15 7. The method of claim 1, further conprising, after the deposition
of the first magnetic material, magnetically annealing the first
magnetic material, wherein the magnetic anneal ing conprises applying
a third mgnetic field to the region, the third magnetic field
oriented substantially along the firstisdirection. 8. The method of
claim7, wherein the third magnetic field has a third nmagnetic field
strength that exceeds a first magnetic field strength associated with
the first’nmagnEtsecthpdeiglaion I fihareempisiog aberdhndepositign phie first

conprising ap pljné(%n@gc ?}a{eeﬁg[ EﬁgH&&Qﬁ Lérgleéliir%l fle bifke ér{ﬁ?[;/gtf%ghaqgial W8 the

the fourth magnetic is-orie ubst anti al ong the second
di rection. 10.m3gneticetrirelingdoniracya@lyivherhadmdghetid feid tdthraepiet, tle

field h f h ic fiel t t h t hat d d
magnet o f el dne? remarn i€t Bty flone Be R ARGRel o 1 el
The nethod of claim1, wherein the substrate conprises: a first

substrate portijion haviag a first easy axis and a second substrate
portion hé&wvi nglE eeberhel daigy’. ysieein (g dhied magnstic Sglddwep athird magnefiefitldd

within ther egéltl%ﬁ%tg?iﬁt]g%fe_e&h?ﬂ%i 3 neﬁ@%%idasﬁeﬁ%h %ss%iiaﬁgt\ﬁgl the first

substantially alo irst direction an e second easy axis is
ori ent ed substangrietit Fiyldal ong t he second direction. 12. An appar at us
conprising: a deposition chanber configured to deposit a magnetic
material onto a substrate, the deposition chanmber including a
deposi ti on reglihetiBasscldior 7, Ay cogpidsiig 4pplyi Mg ARk thGnddnedi dfidk ki
the deposition region, the first magnetic field oriente

subst anti al | y SE8RgVEEFin tiag folith arendis: fiekpis peientes subsisnyalhygplepsstbe ond
magnetic fiel dewddictihie deposition region, the second magnetic
field oriented substantially along a second direction;

10.  The method of claim 9, wherein the fourth magnetic field has a fourth magnetic
fteld strength that exceeds a second magnetic field strength associated with the

second magnetic field.

I1.  The method of claim 1, wherein the substrate comprises:
a first substrate portion having a first easy axis and a second substrate portion
having a second easy axis;
wherein the substrate is oriented within the region so that the first easy axis is
oriented substantially along the first direction and the second easy axis is

oriented substantially along the second direction.

12, Anapparatus 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;



16 wherein the magnetic material is within the deposition region
during a deposition process; and neans for applying a third nmagnetic
field within the first region, the third nagnetic field oriented
substantially along a third direction that differs fromthe first
direction and the second direction. 1356 The apparatus of claim 12,
wherein the first magnetic field has a first magnetic field strength
t hat does not exceed a few hundred QCersted. 14. The apparatus of

clai m 12, wher&haieinflee hpgretic prémiat isovithiethd dagesitipnfregisn dyriigrreddpesifipe| d
strength that doesf%%g £xpged approximately 100 Cersted. 15. The
apparatus of claim Vherein the second magnetic field has a second
magneti c fi el dmsdnsdmgiphlyigat thddesignatc field edtinahd &t agivch; v tidet st ed.

2 second magneti o (MBS PARGEReE et CaHD ot raedoohs hdars

Cersted. 17. The appsh &leifsQfireelidd AAd1kRs seob®d @kdReibhe first direction
is approximately perpendicular to the second direction. 18. The

apparatus of claim 12, wherein the substrate conprises: a first

substrat e por t g, Aaui %f@:anmtwﬁe?ax O]%th&h %ﬁ&ﬁmhﬁy?ﬁ}s&ﬁ{agmm

portion having a second easy axis, strate port

havi ng a th|rdf@aszam1@ankhen@nnﬂahenfwﬁsnmeaéym&nls is oriented
substantially along the first direction, the second easy axis is
oriented substantially along the second direction, and the third easy

axis is ord.entegk @pb@mr@tfbatm Y2 alieRgn tifkefirbtthdghetld fig@thhONfirst hagh¥iic

appar at us conpri si ng:
fi eld stl ength that does not exceed approximately 100 Oersted.

15, The apparatus of claim 12, wherein the second magnetic field has a second

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

16. The apparatus of claim 12, wherein the second magnetic field has a second

magnetic field strength that does not exceed one hundred Oersted.

17, The apparatus of claim 12, wherein the first direction is approximately

perpendicular to the second direction.

18.  The apparatus of claim 12, wherein the substrate comprises:
a first substrate portion having a first easy axis, a second substrate portion having
a second easy axis, and a third substrate portion having a third easy 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.

19.  An apparatus comprising:
a housing defining an enclosure configured to enclose a substrate including a first

substrate portion having a first easy axis and a second substrate portion



a housing defining an enclosure configured to enclose a substrate
including a first substrate portion having a first easy axis and a
second substrate portion 17 having a second easy axis, the substrate
to receive a magnetic material via deposition while the substrate is
in the enclosure; a first magnetic fidl’ld generator configured to
generate a first magnetic field in the enclosure, the first nmagnetic
field having a first magnetic field direction; a second magnetic
field generator contdv§\g&degce @@h@ﬁ%ﬁtf@ wbH R CIPRGENRESH B13Tichvighe

encl osure, the s_ecoﬁogprgrp%] 1Sk s%s@aﬁ%@é’lnﬂﬂ? ?]le?%g%nd magnetic field

di rection; wherein en the flrst magnet i c rection
substantially tﬁiShmaamw\ﬂeﬁdﬁgﬁmh@ttﬁ |CD1$ﬁgue&ab1y gandratea ffritmsagnpior figlom bk
the deposited nagnetl resid n.the-first su te.
portion has a first nﬁ%ﬁ%rgt Ei%?, ﬁ(lirtlme%['etlc fgegd ‘?%%g i grsg?’ag%eig?%&;ﬁﬁc%?’]’y
aligned with thecbid Sahgrﬁb@ﬁ)ﬁe&b(gaﬁeraajﬂdowﬁgafeeﬂtﬂ geheite hRecone aRfetic field
magnetic field subst tlah§ |nC|d S mﬁthflhe second easy axis a
second portion of tHdh Meeld® redh friaémﬁ’ét & %ﬁV‘r?ge%$eﬁP‘?’f’g'“6$PeE’ﬁge
second substrate pqhkk9&1has a second magnetic orientation that is at
|l east partially aligned with the second easy axis. 20. The apparatus
of claim 18, whbsreinrvhenehd fissmagnstic ifighd ctbﬁecwqresmetpldsnilb'@dlnnw}gmmthd:he

material and the s ﬁ@{"% f nglE%?pstﬁntlor%f 91%%%@63&@9 m[qi%lgé?%tl%ﬁ%l%t e%{cfn on

forma magnetic filmat 1eas 1 ng rate.
The apparatus of claét ﬁls’.tgubswbliﬁ‘rpel'trtl)néhamﬁmtﬂagndthtmrahtat1blliﬂthat@lat lesst

formed froma portion, he supstr eandap tion of the magnetic
film 22. A nagnetifzf’r?ajbtfﬁ)'ﬁpﬁi‘(’f&@e PSR PHIRA Wi conprising: a
substrate inclyhdb@ @1eﬁq'tﬁ§§ecm5§@h§ fiBRshbhtRAY bAGciBed WitiS the @M
axis and a second substrate portion having a second easy axis; a film

i ncl udi ng magnet i c 9%6Y @¥iF asccgappelticed! e deprsitediragiesicanaterfu residing on
including a first fllh!: W B4 ELllb(gElat@Bglt%n %gscg&(Eortlc! 1'11%1%915 0& lglﬂatlon that is at

least partially aligned with the second casy axis.

20. The apparatus of claim 18, 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.

21.  The apparatus of claim 19, wherein a magnetic tunnel junction is formed from a

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

22, A magnetic random access memory (MRAM) comprising:
a substrate including a first substrate portion having a first easy axis and a second
substrate portion having a second easy axis;
a film including magnetic material deposited on the substrate, the film including a
first film portion and a second film portion;
the first film portion coupled to the first substrate portion, wherein the first film
portion includes a first magnetic material portion that is aligned

substantially along the first easy axis;



the first filmportion coupled to the first substrate portion,
wherein the first filmportion includes a first nmagnetic materi al
portion that is aligned substantially along the first easy axis; 18
the second filmportion coupled to the second substrate portion,
wherein the second filmportion includ8s a second nagnetic nmateri al
portion that is substantially aligned along the second easy axis;
wherein during deposition of the film the substrate is subjected to
a first magnetihesgdoad §lm paxtion sowplpeiv tbelsesosiulptdtabeyion) wirgein Hee i r st
easy axis while th ] S: LEC t L Le field
that is oriented sEﬁ%#gﬁP?g%ﬁ§&gwgﬁg&?ﬁgggggﬁﬁgmgg§§&%Qﬁ%gnggﬁ 8
MRAM of cl ai m 22, whestentiallyhsgfddraddngnbgsedbndedy ekid; has a first
magnetic field strength that.is l.ess.than a few.hundred Cersted and
the second magHBRTE A Jehslion of MESHE EGHRYTE 7 Py 6 (P B P ad G
is less than a few fuungaed oQ@m%a@@bstaﬁﬂauy%@q%%@%a@la&isrmai’e,théf\her ein
e

the MRAMis coupled to a processor. 75. - of claim 24, wherein
the processor is diSpyedeisispbigeiedion seeend mignspebeiditeatinerisgicdt ed
circuit. 26. The MRAMLGE. 1&13iaMBnaen £ e MRAMis disposed in a
W rel ess device. 97.L T 123 I\/%&Mn%f ec a(?{m f%:éwﬁer ein the MRAM i s

di sposed in a personal digital assistant. 98. The MRAM of cl aim 22,

;T?éﬁ: Egt 2)&‘ n'aNgRﬁgélt Pll/li{fﬁglfl l%ﬁg%gﬁ%?,? \gl?ehsgﬁ %{er%g'stqgé/gln%t?é ﬂglg 'h'g\s gggstg %%gggtic 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.
24, The MRAM of claim 22, wherein the MRAM is coupled to a processor.

25.  The MRAM of claim 24, wherein the processor is disposed in an application

specific integrated circuit.
26.  The MRAM of claim 22, wherein the MRAM is disposed in a wireless device,

27.  The MRAM of claim 22, wherein the MRAM is disposed in a personal digital

assistant.
28.  The MRAM of claim 22, wherein the MRAM is disposed in a paging device.

29. A method of aligning a magnetic film comprising:
a first step for applying a first magnetic field along a first direction in a region in
which a substrate resides during deposition of a first magnetic material
onto the substrate, wherein the magnetic film comprises the first magnetic

material; and



a first step for applying a first magnetic field along a first
direction in a region in which a substrate resides during deposition
of a first magnetic material onto the substrate, wherein the nagnetic
filmconprises the first magnetic naterial; and 19 a second step for
appl ying a second magnetic field al ong%9a second direction in the
region during the deposition of the first nmagnetic material onto the
substrate, wherein the substrate conprises a second magnetic
material . 30. FHEOHEHHOYT apPIringiarr@od magaeti fpld peng p secongrdigersion én the
field and the second,; | 6. - ar. W a0 " ntim
interval. 31. A nepﬁﬁgﬁgﬁgg ?ﬁﬁ%ﬁgqﬁﬁﬁgéﬁgﬁ%ﬁﬁ*%?ﬁ%h@ﬁﬁgﬁgﬁﬂgﬁ

conpri sing: appl yi mybsiratd, mdieramatpeetbsgateicengrisdsarsgcadfmagsttidinaedal on
in aregion in which a substrate resides during a deposition of a
first magnetic material onto the substrate, wherein the nmagnetic film

conpri ses3d.he The mtthsmgnatinC29yRiherdinths fied thagh@lcYidl@ad Beeodd rgneal C
field along a éﬁgond diirection in the region during the deposition of

the first magnétlf erefipldsq Hringm@mme tubdisale, wherein the first
magnetic field is oriented substantially parallel to a first easy
axis of a first portion of the substrate and the second nagnetic
field is dFrienteettindodtationingkimagpeircalilivg thetroethodsemmdingasy axis of a
second portion . S 1 The nethod of claim 31, wherein
The fir ot mgnabrihef IR RRMART S deng A nERERPy e e Bhagn PeG
during a common ti n@bitriterevidbs didihg sAlepBifidofof firgd rhgheng matemapnas ie
film the nmethod conprising: applying a first magnetic field, along a
first direction in %B%t@&saﬁwrw%ﬁiw“ﬁl ftdﬁbﬂtom'léesrtégﬁa%@aan?ti%@atel'*al;
deposition of a firgy magnetic material onto the substrate, wherein
the magnetic filmconprises the first magnetic material; applying a
second nagnet i @pfiieg Ysegbohgagnasie dehihloigascowhditagtiohs therfigom t%milﬂe; itheg

t he deposition of t J i teri. n ) trate: and
after the depositid%sg%h§iéﬁg?g§¥Bﬁéﬁnbfﬁ%&ﬁ%?gPﬁg %m§%§§3@F83$ﬁ$

anneal i ng the firstfiswgagteiic fis@tieviialed swbanelatly phellergrdiritcagnngadiag
comprises applying fflirst portion of the substrate and the second magnetic field is oriented

substantially parallel to a second easy axis of a second portion of the

substrate.

32, The method of claim 31, wherein the first magnetic field and the second magnetic

field are applied during a common time interval.

33. A method of aligning a magnetic film, the method comprising:
applying a first magnetic field along a first direction in a region in which a
substrate resides during deposition of a first magnetic material onto the
substrate, wherein the magnetic film comprises the first magnetic material;
applying a second magnetic field along a second direction in the region during the
deposition of the first magnetic material onto the substrate; and
after the deposition of the first magnetic material, magnetically annealing the first

magnetic material, wherein the magnetic annealing comprises applying a



20 third nmagnetic field to the region, the third nagnetic field
oriented substantially along the first direction. 34. The nethod of
claim33, wherein the third magnetic field has a third magnetic field
strength that exceeds a first magnetic field strength associated with
the first magnetic field. 35. A nmethod@0of aligning a magnetic film

t he met hod conprising: applying a first magnetic field along a first
direction in aregion in which a substrate resides during deposition
of a first magneti dhishimagreaic fisht e thhisgivngbe Hardanagnres Bfld origeedagnet i c
filmconprises thesLb&éﬁMﬂ?Q@ﬁ%h%fﬂ@&ﬁkb@&i and applying a second
magnetic field along a secon irection in the region during the
deposition of the first magnetic material onto the substrate, wherein

h b ' i b . i. ing.a fi
i s and o scobhaEnREet i Fore P kafT RgPaele b Nl Bl g™

wherei n the suisd sedn@th Baikt@at edirdinthdict hed segbOMmssRididtalith e ffritr st
easy axis is orienteg substantially along the first direction and the
second easy axPNeHC §fident ed substantially al ong the second
direction. 36. The nethod of claim35, wherein the first nmagnetic
field is oriented substantially parallel to the first easy axis of
the first3substnattedpdiatigong andgndie Heg tednateaienipeisinigel d is ori ented

substantial ly | el . ea xi s of the secaond
cunstrat e por tPan ezt ReglRSEROIGEA BsRorlo AR T PR nanber
configured to deposiubstatdmgietdweingaiegdsitaln cdatiostanubist madkdal dnfethe

deposi tion chanmber ipcluding a depositjon region, rein the L
substrate conpris es‘;}‘gmﬂa & l‘?‘iel‘%ﬁe Wﬁg?t}ciﬂ@ Cﬁg}ﬂrﬁsﬁgﬁw giﬁt Ageaeticipalgrial;
easy axis, a secondpgubstrate portion having a second easy axis, and

a third substrate portion having a third easy axis;
applying a second magnetic field along a second direction in the region during the

deposition of the first magnetic material onto the substrate, wherein the
substrate comprises a first substrate portion having a first easy axis and a
second substrate portion having a second easy axis, and wherein the
substrate is oriented within the region so that the first easy axis is oriented
substantially along the first direction and the second easy axis is oriented

substantially along the second direction.

36.  The method of claim 35, wherein the first magnetic field is oriented substantially
parallel to the first easy axis of the first substrate portion and the second magnetic
field is oriented substantially paralle] to the second easy axis of the second

substrate portion.

37.  Anapparatus comprising:
a deposition chamber configured to deposit a magnetic material onto a substrate,
the deposition chamber including a deposition region, wherein the

substrate comprises:



wherein the first easy axis is oriented substantially along a first
direction, the second easy axis is oriented substantially along a
second direction, and the third easy axis is oriented substantially
along a third direction; neans for applying a first nmagnetic field
within the deposition region, the firsi magnetic field oriented
substantially along the first direction; and neans for applying a
second nagnetic fielg‘mﬁbh[n t he dﬁ$osithpn region, the ~__secon
magnetic field ori ént'8uPUOHHE BATPANTY &S BRRGCHH BXSetBiien LiupELs Befrion
wherein the magnetic mati@yingla skdondehddi did Bl d@RASLbIAR JoR@indviid NY
a deposition process. 38.The apparat us of claim 37, wherein the
magnetic material is suBjeteasyaxis; the first nagnetic field and the

second magnetic fi %l%-éiH'iﬂe“l@m@ea%%‘éITPE e ABd Egﬁsﬁll}lﬁé‘llly along a first direction,

the second easy axis is oriented substantially along a second

d

direction, and the third easy axis is oriented substantially along a
third direction;
means for applying a first magnetic field within the deposition region, the first
magnetic field oriented substantially along the first direction; and
means for applying a second magnetic field within the deposition region, the
second magnetic field oriented substantially along the second direction;
wherein the magnetic material is within the deposition region during a deposition

process.

38.  The apparatus of claim 37, wherein the magnetic material is subjected to the first

magnetic field and the second magnetic field during a common time interval.



