WD 2004/ 042104 PCT/ US2003/ 015545. 11,,,. TH N FILM5 AND METHODS OF FORM NG
THI N FI LM5S UTI LI ZI NG ECAE- TARGETS TECHNI CAL FI ELD [0001] The invention
pertai ns WO 2obwei2wal vapor deposition targets, .thin fil ®ET/US2N3M1FSE M
stacks and nethods of formng thin filnms and thin film conprising
structures. BACKGROUND OF THE | NVENTI ON [ 0002] In particular technol ogies
and applications, layers of materials are desired to be extrenely thin,
for exanple less than 100 nm and in particular instances are desired to
be less than 10 nmor even less than 1 nm Further, sonme applications
utilize thin filmstacks having a plurality of very thin | ayers.
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current (DC) sputtering apparatus. For exanple, PVDis widely used in the
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can have a sub-micron critical dinmension. I's typically include a
thin fil mspeath undoinmfimapropucts are WBhWrﬁgﬁéﬁbi'Q: I ayers separated by a

non- magnet i &odaqyeii:voﬂgea @&hn%gpew whkﬁxﬁ.h R8MAIIIE Cand/ TSR] Mferk @%RMbd N the
case of spin-valves, or can an insulative barrier layer in the case of
(o}
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function. For exanple, applications _the current per pendi cul ar
to the fil{C) sputtering apparatus For example, PVD is widely used |n the semlconductor

industry to produce integrated circuits. However, thin films formed by PVD utilizing
conventional sputtering targets can lack the thickness uniformity, absence of particle
defects and pinholes, resistance uniformity, or appropriate microstructure for
applications where such factors can be critical.

[0004] A relatively new application for sputtering technologies is in the fabrication of
magnetic random access memory devices (MRAMSs), particularly in forming thin films in
structures such as spin-valves and magnetic tunnel junctions (MTJ). Because MRAM is
non-volatile memory (stored information is not lost upon turning off the memory),
development of MRAM technology is becoming increasingly important for high-speed
processing of information.

[0005] Generally, an MRAM cell can have a sub-micron critical dimension. MRAM
cells typically include a thin film stack having at least two magnetic layers separated by
a non-magnetic layer. The non-magnetic layer can be a conductive layer in the case of
spin-valves, or can be an insulative barrier layer in the case of MTJs. Uniformity of film

composition, microstructure and thickness can be essential for proper MRAM device
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pl ane and the tunneling resistance is therefore exponentially dependent
upon the thickness of the barrier layer. Accordingly, a small variance in
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sputtering rate o -
lattice. Grain size ranges are usually from several millimeters to a few tenths of

microns; depending on metal nature, composition, and processing history. It is believed
that finer and more homogeneous grain sizes improve thin film uniformity, sputtering
yield and deposition rate, while reducing arcing. The second factor is target texture.
The continuous crystal lattice of each grain is oriented in a specific way relative to the
plane of target surface. The sum of all the particular grain orientations defines the
overall target orientation. When no particular target orientation dominates, the texture is
considered to be a random structure. Like grain size, crystallographic texture can
strongly depend on the preliminary thermomechanical treatment, as well as on the
nature and composition of a given metal. Crystallographic textures can influence thin

film uniformity and sputtering rate.
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The convent[=J @@turégrﬁl'fﬁhlaﬁg?%aﬂgrc% ﬁcﬁﬁ%n%% can provide static

recrystall tion urity um (for instance, alum num having a
purity of 9@01@995%mpgﬂtban@aiﬁ angt allgysyargr wpigally previdedi ahe ¢ast degad| Wl t he

fine and LLrUaﬁ'é?ar Bindrite structures (Fig. 1 illustrates a typical structure of as-cast 99.9995%
aluminum). Forging and/or rolling operations are utilized to deform the cast ingots into
target blanks. The total strains which can be obtained for any combination of forging
and/or rolling operations can be expressed as € = (1-h/H,) * 100%; where H, is an ingot
length, and h is a target blank thickness. Calculations show that possible thickness
reductions for conventional processes range from about 85% to about 92%, depending
on target blank size to thickness ratio. The thickness reduction defines the strain
induced in a material. Higher thickness reductions indicate more strain, and accordingly
can indicate smaller grain sizes. The conventional reductions of 85% to 92% can
provide static recrystallization of high-purity aluminum (for instance, aluminum having a
purity of 99.9995% or greater) but they are not sufficient to develop the fine and uniform
grain structure desired for MRAM target materials. For example, an average grain size

after 95% rolling reduction is about 150 microns (such is shown in Fig. 2). Such grain
3



grain structure desired for MRAMtarget materials. For exanple, an average
grain size after 95%rolling reduction is about 150 m crons (such is shown
in Fig. 2y028udia2gaain 3 WD 2004/ 042104 PCT/ US2003/ Q15P¢3/US2003013585 | ar ger
than that which would optimally be desired for tunnel barrier formation.
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dashed part of the curve corresponds to parti recrystalli Zation
after rol | patty renmsteéhzgdgfﬁer tPllipgrwithoa htghere@mt@g of 95% (see Fig. 6) |n contrast to

the fully recrystallized structure formed after similar rolling of a pure material (see Fig.
2). Accordingly, additional annealing of the rolled material at a temperature of 150°C for
about 1 hour is typically desired to obtain a fully recrystallized doped structure. Such
results in coarse and non-uniform grains (see Fig. 7).

[0015] Fig. 5 illustrates data obtained for 99.9995% aluminum with a 30 ppm silicon
dopant. The curve 20 of Fig. 5 conforms to experimental data of 99.9995% aluminum
with 30 ppm silicon after rolling with different reductions. A dashed part of the curve 20
corresponds to partial self-recrystallization after rolling, while a solid part of the curve
corresponds to full self-recrystallization. The full self-recrystallization is attained after
intensive reductions of more than 97%, which are practically not available in commercial
target fabrication processes. The point 22 shows the average grain size achieved for

the as-deformed material as being about 250 microns, and the point 24 shows that the



corresponds to full self-recrystallization. The full self-recrystallization
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one of the thin film, the first magnetic layer and the second magnetic layer is formed by

ablating material from an equal channel angular extrusion target. The resulting layer
formed from the ablated material has an improved thickness uniformity relative to a
corresponding layer formed utilizing a non-ECAE target under otherwise substantially
identical conditions.

[0019] In one aspect the invention encompasses a thin film comprising aluminum
and having a thickness variance across the thin film of less than 1.5% of 1-sigma
standard deviation. The thin film can additionally comprise at ieast one of Cu, Al, Ga, In,
Si, and Zr.

[0020] In one aspect the invention encompasses a physical vapor deposition target.
The target contains an alloy of aluminum and at least one alloying element selected
from Ga, Zr and In. The total amount of the alloying elements present in the target is
greater than 1,000 ppm, by weight.



and having a thickness variance across the thin filmof |ess than 1.5% of
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rolling reg)u@1 g§n on grain size of a material conprising 99.9995% al um num
with 30 ppm W th such material being partly self-recrystallized at
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through an 6@%#}':' ﬁ‘z'ibarlégg ad;ﬁieél%lc@gf{dﬁséf%b é@%ﬁﬁwmdn‘?glds .Fk&rﬁ's‘?%ftép

tines). m crograph of 99.9995% al unm num after
6 passes QQ%GG'QMOlam @OAEIdemacelfleﬁﬁ@ﬁmﬁbd 50 times). [0032] Fig. 11 is a

graph i11ussgAayi ngid Heis &hi sifiibal Hhickogfiphost SU 849396 bitmitim PRisOROpof Si after
90% cold rolling reduction and annealing at 150°C for 1 hour (magnified 50 times).

[0029] Fig. 8 shows a flow chart diagram of a method encompassed by the present
invention. _

[0030] Fig. 9 is an optical micrograph showing the structure of 99.9995% aluminum
after 2 passes through an equal channel angular extrusion (ECAE) device (magnified 50
times).

[0031] Fig. 10 is an optical micrograph of 99.9995% aluminum after 6 passes
through an ECAE device (magnified 50 times).

[0032] Fig. 11 is a graph illustrating the effect of ECAE on grain size of 99.9995%
aluminum which is self-recrystallized at room temperature.

[0033] Fig. 12 is a graph illustrating the effect of ECAE passes on grain size of a
material comprising 99.9995% aluminum and 30 ppm Si. The graph illustrates the grain
size after self-recrystallization of the material at room temperature.

[0034] Fig. 13 is an optical micrograph showing the structure of a material
comprising 99.9995% aluminum and 30 ppm Si after 6 passes through an ECAE device
(magnified 100 times).
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to that SHR\Y{,H Fig. 16. [0039] Fig. 18 is a view of the Fig. 17 wafer
fragnent at a proce55| ng step subsequent to that shown in Fig. 17. [0040]
Fig. 19 is[@038] ewFigt 1i’hﬁeviﬁvgf thed-igvdBovafer fsagreent aba pepoessing: step Isybsaqugnt
subsequent ttrQattsFS\Ic\i 1én Fig. 18. [0041] Fig. 20 conpares the nunber of
particles Jetes |n films formed over 200 mmwafers utilizing ECAE
targets an{0038h- EEJQE taansget viewTble theniFig. f 17 aferofrpament atv@r progessna stap

al | oyed W%FQ%‘%‘Q&QRQ owh(?rgf"@ 41 9. 21 conpares the neasured sheet
%

reS|stance o] mnum p copper thin filnms formed utilizing ECAE
targets anfot4dh EESE Qansg@t giew[ Qfolh}i] Fr. 918 aafenfragmertaat Beplosesding ts{erof a

thin fil m%@i@%“’%@{"%ﬁfw 1‘1@' . 5% copper forned over 300 nm waf er s

utilizing gets 23 shows t he unlformt?/ reflectivity
of thin fi[08#Hor ﬁmwmomremhewafr@es of payiitles detestddo e filnpCisrmed oyet s.

L0045] ! GooafmGReRs difiingBERESRRRhs 5RESA-RENE GRjetd T iR ARRRBMPaRI

were aluminum alloyed with 0.5% copper.

[0042] Fig. 21 compares the measured sheet resistance of aluminum plus 0.5%
copper thin films formed utilizing ECAE targets and non ECAE targets.

[0043] Fig. 22 shows mean reflectivity of a thin film of aluminum alloyed with 0.5%
copper formed over 300 mm wafers utilizing ECAE targets.

[0044] Fig. 23 shows the uniformity of reflectivity of thin films formed on 300 mm
wafers from Al-0.5% coppér ECAE targets.

[0045) Fig. 24 shows the mean sheet resistance for Al-0.5% copper thin fiims
formed over 300 mm wafers utilizing ECAE targets.

[0046] Fig. 25 shows the sheet resistance uniformity for aluminum-0.5% copper thin
films formed over 300 mm wafers utilizing an ECAE target.

[0047] Fig. 26 shows the measured thickness of aluminum copper thin films formed
over a silicon surface of 300 mm wafers utilizing an ECAE target.

[0048] Fig. 27 shows the thickness uniformity of aluminum-0.5% copper thin films
formed over silicon surface of 300 mm wafers utilizing an ECAE target.

[0049] Fig. 28 shows the mean thickness of aluminum copper thin films formed over
300 mm wafers utilizing ECAE targets. The aluminum copper layers were deposited

over TEOS derived material.
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i ncludes tgr Bt of of ] tagy% SCGOTRE IS NPhéHventiGR G bﬁcma%gésaka%getgwdldl ng
but not limte ased materials, where M-based
magnetic Iayers comprising magnetic materials such as those comprising one or more

of Ni, Co and Fe. The invention also includes targets and layers comprising anti-
magnetic materials, including but not limited to Mn-based materials, where Mn-based
refers to a material where Mn is present in a greater abundance than any other single
element. Mn-based materials of particular interest include those comprising at least one
of Pt, Ir, Fe and Rh. Additionally, the invention encompasses methods of forming any of
the layers described above, and methods of forming constructions comprising one or
more of the described layers.

[0053] Equal channel angular extrusion (ECAE) is a deformation technique that is
used with advantage for the manufacture of physical vapor deposition targets, and in
particular aspects of the invention is utilized for the first time in the manufacture of
targets for MRAM thin film applications. The ECAE technique was developed by V.M.
Segal, and is described in US Patents Nos. 5,400,633, 5,513,512, 5,600,989; and
5,590,390. The disclosure of the aforementioned patents is expressly incorporated

herein by reference.
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hi gh- puri tyfuRldm BPsaistd for the manufacture of MRAM by at least a factor of three
compared to conventional practices. ECAE can produce similar decreases in grain size
for non-magnetic materials such as Cu and Cu-alloys, for magnetic materials such as
Ni-alloys and Co-alloys, and for anti-ferromagnetic Mn-based materials relative to grain
sizes in these materials produced by conventional practices.
[0058] Various aspects of the present invention are significantly different from
previous ECAE applications. Among the differences is that the present invention
encompasses utilization of ECAE to deform high-purity materials (such as, for example,
aluminum having a purity of greater than 99.9995% as desired for particular MRAM
applications), in contrast to the metals and alloys that have previously been treated by
ECAE. High-purity metals are typically not heat treatable, and ordinary processing
steps like homogenizing, solutionizing and aging can be difficult, if not impossible, to
satisfactorily apply with high-purity metals. Further, the addition of low concentrations of
dopants (i.e., the addition of less than 100 ppm of dopants) doesn’t eliminate the

difficulties encountered in working with high-purity metals. However, the present
9
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conpri sing [a060]easﬁheomeelﬁ10hoqis¢|@r@bmnemes E€ABctasgkts rafnaluminuta comprisi®y  and

Cu. The al g BB R he 6P8aPIEEEZARL Xh& BERL lefiffndHt 4. being present in greater

abundance than any other single element in the material). For example, the aluminum
comprising alloy can comprise M,Al.1.y, where x is greater than 0.5 and less than 1, and

M is an element selected from In, Zr, and Ga. Preferably, the aluminum comprising
alloy has an overall purity of at least 99.99%, meaning at least 99.99% of the alloy
composition is the aluminum and the at least one alloying element.

[0061] Optionally, the high-purity aluminum or aluminum alloy can be doped with
less than or equal to about 1000 ppm of dopant materials. The dopant materials are not
considered impurities relative to the doped aluminum or alloy, and accordingly the
dopant concentrations are not considered in determining the purity of the aluminum or
alloy. In other words, the percent purity of the aluminum (or aluminum alloy) does not

factor in any dopant concentrations.
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provide a Ry @aly wapoh, FP2s! Eidier tidd 8RGet! @R consist of aluminum or aluminum

alloy and one or more of the listed dissimilar elements, or can consist essentially of
aluminum or aluminum alloy and the one or more of the listed dissimilar elements. The
MRAM target can be made of a body of Al or Al-alloy with purity greater than 99.99%
(4N), alone or doped with less 100 ppm of one or more dissimilar elements listed above,
and the total doping content of any element listed above can be higher than the
solubility limit of this element at the temperature at which ECAE is performed.

[0065] A preferred MRAM target possesses: a substantially homogeneous
composition throughout; a substantial absence of pores, voids, inclusions and any other
casting defects; a predominate and controlled grain size of less than about 100
micrometers; and a substantially uniform structure and controlled texture throughout.
Preferably, targets in accordance with the methodology of the present invention have an
ultra-fine grained microstructure having an average grain size of less than or equal to 50
micrometers, in particular aspects less than or equal to about 10 micrometers, in further

aspects less than or equal to about 5 micrometers, in other aspects less than or equal to
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except to abiogt 8@ encrons tthe deparit sorsgnitiation ISyIOWe(éeveéd RAM). cThﬁ ipsactyailyfome

I nst ances, IaPégF }/;nraflﬁ B2e 4h iH %E%ﬁrﬁ’él%b@%@ﬁ A5t Y4 Bguﬁéﬁ {9 finSfb AR R oveP

| ess t han oneters can 0 be present in a erred target
m cr ost r udhecenventiondy]preraied edregpaneartyi puse) Algargets: g%‘t?éE éameta@pemo\@ﬁe at

| east thr qﬁ\gﬂ;\%ﬁaﬁ%@ f@khgsc‘sh%lforﬁwﬁi g@ssﬂﬁfyeﬁhl?drmlty %%ecdm&fsﬁﬁ)he Arjn%ffd‘\i@ys are:

1) The elenent that forns constituent,” for exa
In, Ni, Coelayve mmnow)ECHEeta&eémmr( wheresthel BGAR tgsaet @Rinasizeip l@m@r thanolO

consti tue%crdm%r%}/eﬁ g%afé?WdO%l'c of the dopant or alloying

el ement (s). An intend application of a target can also influence the
desired grd00673i z@hysicalavapar geposiienciargats of dhe ipreseahdwentiony gt Sedaimieth| e

for convengdg n@'cagf r%@? %Bnﬂflgﬁ%RAédg%tln BPcoRSisi lessattibMd of Yiuminum,

fabrication of M applications, higher purity metals

and/ or al |aiy@lrwahalt§xy aasgnelr mﬁ@ﬁalanreamlymw'pwama P dasqrived @ v\eqatTfeﬁwal

tsg; g\Q?fs e ﬁ§§{§@§ék.99ca¢'€%%ﬁuded5shrcsi@w i BYssebdihy tRE BRIYURDS icRbindiPbf
equal cross section intersecting each other at a certain angle. The ingot material can
also be subjected to annealing and/or processing with conventional target-forming
processes such as rolling, cross rolling or forging, and ultimately fabricated into a
physical vapor deposition target shape. The extrusion step can be repeated several
times via different deformation routes before final annealing, conventional processing
and fabrication steps to produce very fine and uniform grain sizes within a processed
material, as well as to control texture strength and orientation within the material.
[0068] Processes of the present invention can be applied to form monolithic targets
or targets comprised of two or more segments.
[0069] Particular embodiments of the present invention pertain to formation of
aluminum comprising physical vapor deposition targets, such as, for example, formation

of aluminum comprising physical vapor deposition targets suitable for tunneling barrier
12
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of two or #JRH% c%ﬁ%@é‘?e%; r}h%)r?gﬁla%faﬂot %&Hﬁ 3b0 IR BLMfifich @hmz %?oﬁ’é 6°fBle

i nvention pertaln to um num conpri Ssi ng vapor
deposi t i ondapanymatsrialsueompisingfelementasplectedfitanmtitel graup @hnwttmeﬁm é\gnﬁrl sing

hysi cal f I b
Dobal 0421 RErFEdonH GLLGEHEs 0 Er i Be: 83, SUTGE jfooR! I B Lujtho)'”
di agr am of ManMexNbpNe.rNi, PaPgePdf By Pceﬁtl By, RerReedsShfSq I$§ Br. e riin, Sr
i nvention. ol npd fd HLTHL /P WaR, YpUPHNURY GRNMPFhES hﬂ%lﬁ@ﬁtcohﬁ%’lbggﬁassf o4dred,

and in a second step thé i'ngot'is subjected to thernp-nechan
pr ocessi ngeonsishef amn@umanr Aladoy, withdedsrtban ohedquahta aheutrd8haPMEA PN POMEES| Ny

|s an al uny Qﬁé‘ho&%ét&ﬁé@d?@g EBgv Fg Hgést%é?éﬁ%ﬂ?%? me@lﬁfn%mﬁg)ﬁ/ equal

channel angular "~ extrusion ormati1 on ctan be acco ed by
one or norwitpiessdban tQﬁrQﬂ!@ht%ﬁbE@A@%pmm& oR”e OFeergl @r?‘emnhm@dﬂjses
are descrléq%gd%éﬁﬁg Patent No.'s. 5,400,633; 5,513,512; 5,600, 989; and

5, 590, 390 he al um num corrprl sing mass can consi st of al um num or
al um num 40079y e d The tdesentiedolr CAp rsocessing catRisospe uttizeddadomm targets whths cul ar
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or alum num a he mass
aIummum -comprising alloy material can be doped or undoped. As further indicated

above, the target grain size can be influenced by the base element (Al, Ga, In, Zr, Cu),
as well as the amount and type of alloying element(s) and/or dopant elements present in
the alloy material.

[0072] ECAE is utilized in methodology of the present invention for addressing
problems found during formation of PVD targets of high-purity materials. ECAE is a
process which utilizes a simple shear deformation mode, which is different from a
dominant deformation mode achieved by uniaxial compression of forging or rolling. In
high-purity metals, the intensive simple shear of ECAE can manifest itself by developing
very thin and long shear bands. The strains achieved inside these bands can be many
times larger than the strains achieved outside the bands. The shear bands occur along
a crossing plane of the channels utilized during ECAE. [f a processing speed is
sufficiently low to eliminate adiabatic heating and flow localization at the macro-scale,

shear bands in pure metals can have a thickness of only a few microns with a near
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graln size of from 40 microns (point 32 in Fig. 11) to 50 microns (point 34 in Fig. 11).

[0075] One method which can be utilized to avoid grain size growth within ECAE
processed materials is to provide doping elements within the ECAE materials.
However, while the addition of dopants can typically be utilized for structure refinement
when static recrystallization is performed as a separate annealing operation at
sufficiently high temperatures after mechanical working, it cannot generally be applied in
the case of self-annealing at room temperature during or immediately after deformation
performed by forging or rolling because the doping can make even heavily deformed
structures more stable.

[0076] ECAE can be utilized for grain refinement of high-purity metals, even if the
metals have some dopant material therein. For instance, 99.9995% aluminum having
30 ppm of silicon therein is found to be almost fully recrystallized after 2 passes through
an ECAE apparatus. If the material is subjected to 3 to 6 passes through the apparatus,

it is found to have a fine and uniform structure, with such structure remaining
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attainable deformation during processing from a cast ingot to a target blank, and
accordingly removes requirements on the original structures subjected to ECAE. A
material can be subjected to hot forging prior to ECAE. Such hot forging can result in
substantially entire elimination of casting defects, which can further result in improved
performance of targets formed by methodology of the present invention relative to
targets formed by conventional processes.

[0079] In a fourth step of the Fig. 8 flow-chart diagram, the deformed mass is
shaped into a PVD target, or at least a portion of a target. Such shaping can comprise,
for example, one or more of rolling, cross rolling, forging, and cutting of the mass. The
mass can be formed into a shape comprising an entirety of a physical vapor deposition
target, or alternatively can be formed into a shape comprising only a portion of a

physical vapor deposition target. An exemplary application wherein the mass is formed
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[0083] Figs. 15A and 15B illustrate grains obtained for aluminum + 10 ppm Sc after
ECAE processing. The grains shown in Fig. 15A have an average size of about 20
microns, and are relatively fine, equiaxial, and homogenous. The structure shown in
Fig. 15A has an average grain size that is at least a factor of 3 smaller than the sizes
produced by conventional target forming methods.
[0084] At least three different aspects of ECAE contribute to the remarkable
reduction of grain size and improvement of grain uniformity achieved by treating
materials in accordance with the present invention. These three aspects are an amount
of plastic deformation imparted by ECAE, the ECAE deformation route, and simple
shear forces occurring during ECAE.
[0085] After a material has been subjected to ECAE in accordance with methods of

the present invention, the material can be shaped by conventional methods of forging,
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For example, it is found that a sample of aluminum + 30 ppm Si which has been
subjected to ECAE shows a limited and progressive increase in average grain size from
approximately 12 microns to about 30 microns after annealing at 150°C for 1 hour.
Such average grain size does not significantly change after annealing at 150°C for 16
hours. In contrast, samples submitted solely to rolling to an 85% reduction in thickness
(a conventional process) show a dramatic grain growth up to average grain sizes larger
than 250 micron after annealing at only 125°C for 1 hour.

[0088] Utilization of ECAE for processing targets can enable control of a texture
within the targets, with the term “texture” referring to a crystallographic orientation within
the target. If a large number (i.e. a vast majority) of the grains in a material have the
same crystallographic orientation as one another, the material is referred to as having
strong texture. In contrast, if the grains do not have the same crystallographic

orientation, the material is referred to as having a weak texture. Note that the referred
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[0091] Anti-ferromagnetic layer 16 is not limited to a specific thickness. Additionally,
layer 16 can comprise a single deposited layer or can include multiple layers (not
shown) of anti-ferromagnetic material. Generally, anti-ferromagnetic layer 16 will have a
thickness of less than about 100 nm, typically less than 50 nm. In some instances, layer
16 can preferably be less than 20 nm and in particular applications can preferably be
less than or equal to about 10 nm. Pinning layer 16 can preferably have a grain size of
about 10 um, and in some applications less than or equal to about 5 pm. As will be
understood by those skilled in the art, formation of anti-ferromagnetic layer 16 can
include post deposition processing steps such as, for example, annealing.

[0092] A first magnetic layer 18 can be deposited over pinning layer 16. Magnetic
layer 18 can comprise a magnetic or ferromagnetic material such as those described

above with respect to target materials. In particular applications, layer 18 can consist
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17 WO 2004/ 042104 PCT/ US2003/015545 to crystallographic orientation is not
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Addi tional Inyg %4 ! aﬁ%‘fen]ir@g f&; ngpé 'n§§’ r@afgﬁbﬂgla_??rdﬂpeﬁ Bg%rln?ébeéveﬁ)rmégl%@tlc
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preferably nma I n partlcu ar app at’i ons can erably
be |ess tamﬂcattoneqlnatunm@ jansbign amllmfpns?lwﬁfr?@ %t‘yé?rvi@sc%wf]@ﬁlﬁga aey have
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to about 5 pm under st ood ose skilled in the art,
formati on of oadri an @K'ﬂ@rﬁigﬁﬂs?i'qy c@ry@rwsmaoemr marel A, s tin dp@aRtSioar

processi Ngy,ghGes tR&ESF. aFor fsPin-FaNATBpSicafdHie3YJePD0 can comprise a conductive
material such as a copper-comprising material or high-purity copper. As depicted in Fig.
18, layer 20 can comprise two sub-layers 22 and 24. Layers 22 and 24 can comprise
substantially identical materials or can comprise different metal oxides. In MTJ
applications, layers 22 and 24 can individually comprise, for example, aluminum oxide,
oxide of an aluminum-comprising alloy or an oxide of a metal selected from the group
consisting of Ga, Zr, In or mixtures thereof. Alternatively, layer 20 can comprises a
single layer of material (not shown).

[0095] Formation of layer 20 can comprise, for example, deposition of one or more
metallic materials by sputter deposition from an ECAE target followed by oxidation of the
deposited material. As deposited, layer 20 can, in particular aspects, consist essentially
of the target material. For example, layer 20 can consist essentially of aluminum, can

consist essentially of aluminum alloyed with gallium, or can consist essentially of
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[0092] A first magnetic |ayer 18 can be deposited over pinning |ayer 16.
Magnetic |ayer 18 can conprise a magnetic or ferromagnetic material such

applications, layer 18 can consist 18 WO 2004/ 042104 PCT/ US2003/ 015545
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average grain size of less or equal to less than or equal to about 10 micrometers, in
some instances can have an average grain size of less than or equal to about 5
micrometers, and in particular instances less than or equal to about 1 micrometer.
Average grain sizes for film 20 comprising non-aluminum based materials comprising
one or more of Ga, In, Zr, and Si can also be less than or equal to about 20
micrometers, and preferably less than or equal to about 5 um. It is noted however that
films formed in accordance with the invention can be amorphous rather than
polycrystalline.

[0099] Sputtering targets utilized for formation of layer 20 can include one or more
of the non-magnetic material sputtering targets discussed above. The sputtering targets
utilized for formation of layer 20 can be doped or undoped. In addition to having

improved uniformity of thickness, microstructure and resistivity relative to films form
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[00102] Referring to Fig. 20, such shows a comparison between thin films formed
utilizing an ECAE target and a non-ECAE target. As indicated in Fig. 20, very few if any
particles are detected in films formed utilizing an ECAE target relative to films formed
utilizing other targets. Films formed with ECAE targets have consistently fewer particles
deposited therein, typically averaging 2-3 times fewer particies relative to films form with
alternative targets, and are consistently below the upper control limit (UCL) for particle
deposition. Referring to Fig. 21, such compares the measured sheet resistance for films
formed utilizing an ECAE target relative to films formed utilizing non-ECAE targets under
otherwise identical deposition conditions. As shown in Fig. 21, ECAE deposition
provides improved wafer-to-wafer repeatability in sheet resistance.

[00103] Figs. 22-29 show measured properties of films formed utilizing ECAE targets
having a composition of aluminum and 0.5% copper. Each data point on each graph in
figs. 22-29 represents the mean value of approximately 49 measurements of a layer

formed across a 300 mm wafer. Figs. 22 and 23 indicate highly uniform reflectivity in
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one or nmore of Ga, In, Zr, and Si can also be less than or equal to about
20 mcroneters, and preferably less than or equal to about 5 pm It is

anor phous rather than polycrystalline. [0099] Sputtering targets utilized
for format ] 2Q. i [ he z et
mater ol PRleg e e e A L2 SraR e o RhE unfomior apeRGE e
utilized fresulfing lapersorFigd. 26a3BshadOtheaaxtiemedopfermity inuthidbpesd. for theadshilingon t o
havi ng ir%y ¥ed uniformty of thickness, mcrostructure and resistivity
relative t i'lms form 20 WO 2004/ 042104 PCT/ US2003/ 015545 usi ng non- ECAE
targets, the filnms of the present invention can additionally have an
absence of detectible pinholes, deposited particles and/or voids. [00100]
Referring to Fig. 19, a second nagnetic |ayer 26 can be fornmed over | ayer
20. In particular applications, magnetic |ayer 26 can be referred to as a
free magnetic |ayer, where the term"free" indicates that the nmagnetic
vector of the layer is not pinned or fixed by a pinning |layer. Mgnetic

| ayer 26 can conprise any of the magnetic materials indicated above with
respect to first magnetic layer 18. First and second nmagnetic |layers 18
and 26 can be a sane conposition or can alternatively conprise differing
conpositions. A top electrode 28 can be deposited over second magnetic

| ayer 26. Top el ectrode 28 can conprise an appropriate el ectrode materi al
whi ch can be the sane as or differ fromthe material conprised by bottom
el ectrode 14. [00101] Layers 14, 16, 18, 20, 26 and 28 can be collectively
referred to as a stack or thin filmstack 40. Al though each of |ayers 16,
18 and 26 are described above as being formed utilizing an ECAE t arget,
one or nore of the layers conprised by stack 40 can alternatively be
formed utilizing alternative deposition nmethods or non-ECAE target(s). It
is to be understood that the invention enconpasses alternative stack
structures from stack 40 shown in Fig. 19. For exanple, invention
enconpasses alternative enbodinments anti-ferronmagnetic layer 16 is omtted
or where an anti-ferromagnetic layer is disposed between non-nmagnetic

| ayer 26 and el ectrode 28. Further, the invention contenplates stack
structures having nore than one anti-ferromagnetic |ayer, nore than one
non- magneti c | ayer, and/or additional magnetic |layers (not shown). It is

al so to be wunderstood that thin filmstack 40 over substrate 12 in Fig. 19
can optionally undergo further processing. [00102] Referring to Fig. 20,
such shows a conparison between thin filnms formed wutilizing an ECAE target
and a non-ECAE target. As indicated in Fig. 20, very fewif any particles
are detected in filns fornmed utilizing an ECAE target relative to filns

f or med
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utilizing other targets. Filnms formed wth ECAE targets have consistently
fewer particles deposited therein, typically averaging 2-3 tines fewer
particl eswpebatiszmsto filns formwi th alternatjve targ@rC3/Uusamd/oasses.
consistently below the upper control limt (UCL) for particle deposition.
Referring o, 59 21, such conpares the neasured sheet resistance for filns
formed uti IZI ng an ECAE target relative to films formed utilizing non- ECAE
targets under otherw se identical deposition conditions. As shown in Fig.
21, ECAE deposit.i on AprathadiefSoriming abadieniayercanprisiiider repeatability in
sheet resistance. hal perties of filns
formed utilizing Eogéw én%uﬁg'%}aﬁgela%hgtaj\{rarpp%gﬁﬁggga@?toal um num and 0. 5%
copper. Each data pomrnwd@g acsubRtrefedpwing A suffpgrs and2- 29 represents the nean
val ue of approxi mat I pL-TeN 300 nm
wafer. Figs. 22 and%% 4‘?? |catﬁééi fﬁﬁ;ﬁﬁa@% cf)ér"?nyfgfaﬁ efag\{l Vi tsﬁfagésthé

2004/ 04210ayspORViDS20DBKOEB30S varipelese thantdr ggualdg @baut 19 gk1-siamageis35 show
the extrenpoypigfrmty of resistivity inthe resulting layers. Figs. 26-29
show the extrems uniformty in thickness for the resulting layers. 22 WO
2004/ 042104 PCT/ US20031015545. . ... CLAIM5S 1. A nethod of formng a barrier
| ayer conprisind: pHmatheg ohalaisey i ahetsimmieaubstialias 28 pyawatert ar get ;

provi ding a substrate having a surface; and ablating naterial fromthe
target to forma#a |aypie M\éﬁfodtohenaﬁ#ﬁmeem fHessubk@tBlis H880 Afin dafdhi ckness t hat
varies less than or equal to about 1% of 1-sigma across the surface 2.
The nethod of claiml1 wherein the substrate is a 200 nm waf er. .. The

met hod of clai 1 whEteMRtheAf eigisa { maeeein thedaygsds AeRaRieEPVera mé\%t'ﬁet hod of
claim1l Wh]QY@! n the layer is deposited over a magnetic l|ayer. 5. The

met hod of claim 1 wherein the |ayer corrpri ses alum num 6. The nethod of
claim1l wherein_the rlse m.num al |l g ontaining at |east
one al | oyi ng el%ment-l—ré%m@tﬁog Flatm 1‘"&' gﬁda%ﬁgm'g‘?bﬁﬁmml U Ga and Si.

7. The nethod of claim1l wherein the Iayer conprises Ga. 8. The nethod of
claim 1 whereims.t he Thyeetrodgictiabes wherei®thelagerempasesodn sluminmilalfayr t her

conpri si ng, oxidiz! pl%aéthoene a%ylng erement senected from the group consisting of In, Ga

containing a
and Si.
7. The method of claim 1 wherein the layer comprises Ga.
8. The method of claim 1 wherein the layer comprises In.
9. The method of claim 1 further comprising oxidizing the layer after the

ablating to form an oxidized layer.

10. The method of claim 9 wherein the oxidized layer comprises a thickness
that deviates less than or equal to about 1% of 1-sigma.

11. The method of claim 9 wherein the oxidized layer has a thickness of less

than or equal to about 100 nm.

12. The method of claim 9 wherein the oxidized layer has a thickness of less

than or equal to about 10 nm.

13. The method of claim 9 wherein the oxidized layer has a thickness of less

than or equal to about 1.0 nm.
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ablating to forman oxidized | ayer. 10. The nethod of claim9 wherein the
oxi di zed | ayer conprises a thickness that deviates |ess than or equal to
about 1 %ofdv@egra. 11. The net hod of claim9 wherei nPcrasesnsdissas | ayer
has a thickness of less than or equal to about 100 nm 12. The net hod of

claim9 wherein the pxidized.|ayer_ ha cthickr f less than or equal
to about 10 nm1413. H‘Sﬂ?’?&ﬂ&fnﬁqg%fngg%agt\[/]\ﬂ%ﬁ@ﬁ%ﬁ?lﬁgo%gﬁ%? ‘ed | ayer has a
t hi ckness of | ess tpravidiag acspbatrate haabgaffirst ntagnetic @geMiBe2004/ 042104
PCT/ US2003/ 015545 14, A h f form ' ' '
conpri sing: providi na;blaémggﬁ%t?ﬁ%{ ! nh%nv%ﬂgf'%w%nr s%éd%é{r?%&fgy%@ﬁ %ﬂgrggon;

abl at i ng nafferm athid flonowen asgfate ofthe first magoeticdayeexthe disin im (&@AgE3nt arget  to

forma thin_fjlmover fi 1.6 jer ot jn film
navi ng an oreenSe ieeurd SRR oflest BBnil bite T EBG 1Ry oY Slmaslidall 7
1% of 1- sidpviatioh acrdas the slefacetandn across the surface; and depositing a

second magnetic | ayer aqver i e et hod of claim 14
further conprising oéﬁp((:?lSI |p%étl§ﬁ5erwrﬂ?é]ﬂeftﬂa%éf’gv%gfem@m unneling barrier
oxi de layer. 16. The nethod of claim 14 wherein the first nagnetic |ayer is

a fixed ferrontgnetThe methed of ¢i@im Théurivet ¢avoprisingcdxidizing thethierfién ito fove asecond

magnetic | - . romagnetic layer. 18. The nethod of claim 14
wherein thtngrE%&E%?glregé?ﬁ%(l)%%h ses doped al um num having at | east one

dopant el enent selected fromthe group consisting of Ag, Au, B, Ba, Be, C,
Ca, Cd, Ce, Co,160r, The meihodpf clainy 14 waeregethe Best n@gnetif layetgs alfied | r | La,

Lu, M, : Ni, P, Pb, Pd, Pm Pr, Pt, Pu, Re, Ru, S, Sb, Sc,
Se, Si, gr}lerry@ﬁ? P Th, Te, Ti, Tm V, W Y, Yb, zn, and zr. 19. The
met hod of claim 14 wherein the thin filmconprises an al um num all oy
contai ning at | ¥ast Hieemaihodof pgine ¢wbereinstbe seceny! MagngtichavegisAifee onsi st i ng
of Ga andelBmadibticAaydet hod of formng a tunnel junction conprising:
providing a subStrate; formng a first magnetic |ayer over the substrate;
formng athin filmover the first magnetic |ayer; and

18. The method of claim 14 wherein the ECAE target comprises doped
aluminum having at least one dopant element selected from the group consisting of Ag,
Au, B, Ba, Be, C, Ca, Cd, Ce, Co, Cr, Cu, Dy, Er, Ey, Fe, Ga, Gd, Ge, Hf, Ho, In, Ir, La,
Lu, Mg, Mn, Mo,.Nb, Nd, Ni, P, Pb, Pd, Pm, Pr, Pt, Pu, Re, Ru, S, Sb, Sc, Se, Si, Sm,
Sn, Sr, Ta, Tb, Te, Ti, Tm, V, W, Y, Yb, Zn, and Zr.

19. The method of claim 14 wherein the thin film comprises an aluminum
alloy containing at least one alloying element selected from the group consisting of Ga

and In.

20. A method of forming a tunnel junction comprising:

providing a substrate;

forming a first magnetic layer over the substrate;

forming a thin film over the first magnetic layer; and

forming a second magnetic layer over the thin film, at least one layer
selected from the first magnetic layer, the thin film and the second magnetic layer being
formed by a method comprising ablating material from an equal channel angular
extrusion (ECAE) target, the at least one layer having an improved thickness uniformity
relative to a corresponding layer formed utilizing a non-ECAE target under otherwise

substantially identical conditions.
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formng a second magnetic |ayer over the thin film at |east one |ayer
selected fromthe first magnetic layer, the thin filmand the second
magnet i c wayeos/deioag formed by a nmethod conpri sing abl &Cirnis2emtoesual from
an equal channel angular extrusion (ECAE) target, the at |east one |ayer

havi ng an i nproyed thi cknes i.form relat | 0 @a corr di ng | ayer
formed utili zi 1‘a n -’Eéﬁegtiig'a@i Eﬂ]whérremotﬁﬁgﬁ !/e\ﬁ\égteéneslﬁbesrﬁ‘z?ﬁ{%ﬁgﬁqy i denti cal
condi t i onsthicRAesé@oRQOwF OB 100 de SREHANUS20MAEY t0 BBBUHE1% 21 1-sigmea. et hod of cl ai m 20
wherein the at | east one |layer has a | ayer thickness non-uniformty of |ess
than or equal tg ab 00 Qf ¢ 1-S] : 14m:20 wherein
the at | east on%'l a;c/)t&e %gtﬁto ﬁé)féla&s?mrq%%ﬁgp g%?legﬁaé}%qgg% 'is:/\*]hgrf@%tn t he ECAE

t ar get conpagrstis layer,landstheogin thef EGARItargel comfrisgs atdadstonealhalnickel dlloy. 23.

The net hodan%fagéb%h?" wherein the at | east one layer is the second

magneti c |ayer, an ierein the ECAE target conprises at |east one of a
nickel alloy and a cobalt alloy. 24. The nethod of claim 20 wherein the at
| east one layer is the thin film and wherein the ECAE target conprises an
al um num al 1 oy. p25. FRenERLAcIm 58 Ahef{in Ut [<AS okOBPLriiS Iibechid OF L0
formng the first mnagnetic layer, depositing an anti-ferronmagnetic |ayer.
26. The nemhgnketiofayelr, ainthwiBrein éreckEGAE thargelrmomprises ahiagstaneof aaﬂel allovpri ses
an M- base i nd wherein the depositing conprises sputtering

mat eri al f%gr?gﬁ{alltg&% target to formthe anti-ferromagnetic |ayer to have
a thickness variance of less than about 1% of 1-sigma. 27. The method of
cl ai m 20 wher ei 4.t heThgt methad of glaien P yberefitie at leaptwiedayerds thejtaigdin,lad about
10 nm  28.,Jh6inkd BeAEqhrdel 8bibids WReiGhiRuhMo@t | east one |ayer has a

t hi ckness “6'3 Iess tﬁan g%outrmi. 0 nm 29|.uTheofret hod of claim 20 wherein
the at | east one | ayer has an aver ag

[ grain size of less than or equal to
about 10 mi crom®. 30Thernethgdoheainy?

e .
BrARREIOPNENS: BTier teiemuRg thedist one | ayer

has an aV%QQ?etic@H I Hepbdiing®hin hRferfohR@nétic 1I8gtal to about 5 microns. 31.
The met hod of cl aiy%ﬁ 285\/\/herde)i n the athépeastgf)grfe | ayer has an average grain

size of less than or_equal to_abouf 1 m'cr%n. 2? WO 2004/ 042104
PCT/ US2003/ 015545 The method of claim 25 wherein the anti-ferromagnetic layer comprises

an Mn-based material and wherein the depositing comprises sputtering material from an
ECAE target to form the anti-ferromagnetic layer to have a thickness variance of less

than about 1% of 1-sigma.

27. The method of claim 20 wherein the at least one layer has a thickness of

less than about 10 nm.

28. The method of claim 20 wherein the at least one layer has a thickness of

less than about 1.0 nm.

29. The method of claim 20 wherein the at least one layer has an average

grain size of less than or equal to about 10 microns.

30. The method of claim 20 wherein the at least one layer has an average

grain size of less than or equal to about 5 microns.

31. The method of claim 20 wherein the at least one layer has an average

grain size of less than or equal to about 1 micron.
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32. The nethod of claim 20 wherein the formng the thin film conprises
depositing a first material having a first thickness and depositing a
second mewer2o@l/0421vavi ng a second thi ckness over. the fi.r CTrstesioadsss 33. The
met hod of claim 32 further conprising oxidizing at | east one of the first

material and t second terial. 4 The Ia| e|n t he
first materi al mﬁ?@é@%?ﬁﬁ*ﬁﬁ'm WlaerfawetﬁEi%rﬁ'ﬁrp tn"ﬁt %I’I ses at

| east one dabositing Alffirst feateriahhaviing aarsdchcrkne%andeimDOBEhgad;eoénctdnaienaBZ wher ei n
the second materi al rises u nd the first material conprises at
| east one BYV'"&F Seﬁpf‘g%’é PrS ogr%e {ﬂatn ?teﬁ 36. Athin filmconprising:

alum num at |east one of Ag, Au, B, Ba, Be, C, Ca, Cd, Ce, Co, Cr, Cu,

Dy, Er, Ey, Fe33. Ga,Thedmetiad offlaintB2 further ¢amprising axidizingyat Inést ok of tle, Nd,

N, P, Pb’flrg)t.clirﬂ?tg Iaﬁ?t@%ﬁ&yatgﬁl Ru, S, Sh, Sc, Se, Si, Sm Sn, Sr, Ta,

Th, Te, and Zr; and a thi ckness variance across
the thin filmof |ess than 1.5% of 1SIngB. 37. The thin filmof claim36
wherei n t he t hi¥knesEhewaethad obclaior 33wherkein the ffirat materjabsempriees amisgmal t o

ahout L. 0% ind s8lcHinareflay cOMBritdd Rt 1ddsh Bhobs & AITGan1biensy 2L he Lhin 111 m

has a t hi c ness Wherein the' m has an absence
of detectabl e pinholes and an absence of detectable particle defects. 39.
The thin film d¥5.cl aihesethan of epim $hwhereimthe ispeandynatgrigkc@mprises zi ng an ECAE

target and, &é\?ﬁhﬁf ShdithE fif s't TS a%zs%i leb€BsHe A, REVRS, 1K1&; Sfra 23! e

particles relative to I'm produced using a non-ECAE target. 40. The
thin filmof claim38 V\/nerel n the thickness is less than or equal to about
10 nm 41. The 3 n A thimfilaf cAMRIISAG38 wherein the thickness is |ess than or
equal to about 1.0 JyWindé: The thin filmof claim36 wherein the thin film
conprises a netal oxi de 26 WD 2004/ 042104 PCT/ US2003/ 015545 43. The thin
filmof claima42 wheatdgast enpohig. fiu. BoBaiBe £ &as 661 81 ¢9 & CHnDY.&uRY:num

alloy. 44.gJd @a @?} eef HE, mooin ¢H Eh mu4§n Wlw MoanhﬁdaW PYPK, P Pt &5, B pLieast
one of In, laim 42 wherein the thin film

consi sts e@%e‘i’rﬂ |3a5PyS%fsea§' Sﬂ&l%ﬂa S@fTaaﬂ'baT%rﬁ"n% YalWoy. Yb, Zn, and Zr; and

a thickness variance across the thin film of less than 1.5% of 1-sigma.

37. The thin film of claim 36 wherein the thickness variance across the film is

less than or equal to about 1.0% of 1-sigma.

38. The thin film of claim 36 wherein the thin film has a thickness of less than
about 100 nm, wherein the film has an absence of detectable pinholes and an absence

of detectable particle defects.

39.  The thin film of claim 36 wherein the thin film is formed utilizing an ECAE
target and wherein the film comprises at least 50% fewer detectible particles relative to

a film produced using a non-ECAE target.

40.  The thin film of claim 38 wherein the thickness is less than or equal to

about 10 nm.

41. The thin film of claim 38 wherein the thickness is less than or equal to

about 1.0 nm.

42, The thin film of claim 36 wherein the thin film comprises a metal oxide.
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46. The thin filmof claim42 wherein the thin filmconsists essentially of
al um num oxygen and at |least one of Ga, In and Cu. 47. A physical vapor

al I oyi ng el enent selected formthe group consisting of Ga, Zr and In, a
total anount of, the.at t e I&ﬁg S | al | oy
being greater t 3an ?&%dhéngﬁﬁq°f§'9ﬁ“mg%g”ﬁye“ﬁ§‘g e%oﬁ‘géfscegﬁr%(‘/%ag%w%éposi tion
target of alminomdallopherein the target consists essentially of the alloy.
49. The physical vapor deposition target of claim47 wherein the target
consi sts essentjall fonal i i ' SigRosi tion
target of clai nﬁiﬁlQ \ﬁrhh%rtgﬁrfmﬁ]ﬁgaglrﬁgg“’ﬁg?ﬁfg}enalmf?@ﬂ? ggreg?ité%ég?ﬂ‘gfn 1000 ppm
to about 1Ga@mdfCuGa, by weight. 51. The physical vapor deposition target of
claim47 wherein the target consists essentially of alum numand In. 52.
The physical vapor daROgintfiifIes LRSS whbrehh fMerthin HitER&ES ebbiitiaty &han
contains fromgreater than 1000 ppmto about 10% of In, by weight. 53. The
physi cal vefids ofdeignini®AlPRr get of cl ai m 47 wherein the alloy consists
essentially of aluminum Ga and In. 54. The physical vapor deposition
target of clai mgl7 VARK®InTih ¥ clafth 8 whefde3hin iR S6Rdista lebderibiyadfum num and
Zr. 27 WD 2004/042104 PCT/ US2003/ 015545 55, A thin filmstack conprising:
a first | a3leminyeyoxges andrad{eashora@i€aad In andetond | ayer having a second

t hi ckness di sposed over the first layer; and a third |ayer having a third

thi ckness di spaged oy BhydidipvaRs AegodittdreaigeBbompisd a®BifbyQSf aludndrhapl | ayer,
the second | ayer and the third | ayer tered lLayer forned by a

. being a sputt
met hod condr¢ast age allyig; sigmeritselaciad fP%meeﬂ{O‘éQ]E‘HIS'S(‘:‘H%Hﬁ@P’ 7 18ra 198! uded

target to %Mt@ﬁth@_aYHaisﬁéH‘eeal@gfngse‘Fenﬁém peddeht iR tieslalloyRingOdrebteSthah h@po or
equal to 1%of 1-sigma. 56. The thin filmstack of claim55 wherein the

first thi cmsty,wqiw- second thickness and the third thickness are each
| ess than 100 nm 57. The thin filmstack of claim55 wherein the first

t hi ckness, the ggconthe prysickiNepsr agsbsitiba targetrdl cldivh ek vesseiatiee taegdh | ess t han

20 nm 58. The thin fil mf%ta?k of claim55 wherein the first thickness, the
second consists essentially of the alloy.

49, The physical vapor deposition target of claim 47 wherein the target

consists essentially of aluminum and Ga.

50. The physical vapor deposition target of claim 49 wherein the alloy
contains from greater than 1000 ppm to about 10 % of Ga, by weight.

51. The physical vapor deposition target of claim 47 wherein the target

consists essentially of aluminum and In.

52. The physical vapor deposition target of claim 51 wherein the alloy
contains from greater than 1000 ppm to about 10% of In, by weight.

53.  The physical vapor deposition target of claim 47 wherein the alloy

consists essentially of aluminum, Ga and In.

54, The physical vapor deposition target of claim 47 wherein the target

consists essentially of aluminum and Zr.
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t hi ckness and the third thickness are each | ess than 10 nm 59. The thin
filmstack of claim55 wherein the second thickness is less than or equal
to 1.0 nnwoe0o4/0lm4t hin film stack of clai m55 wherein Pha/sRol3eeH5 one

| ayer conprises the second | ayer and mherein t he second | ayer conprises

alum num 61. The thi ﬁfnlh‘“@tﬁél@&#nd?s: ai m 60 wherein each of the first

| ayer and the second ayer erromagnetic. 62. The thin film stack of
cl ai m 55 wherein t hea fpst ||3)é%(§tth§‘§@ f!ratyblﬁkmﬁ?ﬁprl ses the second |ayer and

wherein the second | n&@:ﬂ@f h&ig 599&5?16 th.@%,esva%pb@édﬁowrltﬁeﬁsﬁsyerof claim

62 wherein %ach of the first |layer and the second |ayer are ferronmagnetic.
28 an

a third layer having a third thickness disposed over the second layer; at
least one of the first layer, the second layer and the third layer being a sputtered layer
formed by a method comprising ablating material from an equal channel angular
extruded target to provide a variance across the sputtered layer of less than or equal to

1% of 1-sigma.

56. The thin film stack of claim 55 wherein the first thickness, the second
thickness and the third thickness are each less than 100 nm.

57. The thin film stack of claim 55 wherein the first thickness, the second
thickness and the third thickness are each less than 20 nm.

58. The thin film stack of claim 55 wherein the first thickness, the second
thickness and the third thickness are each less than 10 nm.

59. The thin film stack of claim 55 wherein the second thickness is less than

or equal to 1.0 nm.

60. The thin film stack of claim 55 wherein the at least one layer comprises

the second layer and wherein the second layer comprises aluminum.

61. The thin film stack of claim 60 wherein each of the first layer and the

second layer are ferromagnetic.

62. The thin film stack of claim 55 wherein the at least one layer comprises

the second layer and wherein the second layer comprises copper.

63. The thin film stack of claim 62 wherein each of the first layer and the

second layer are ferromagnetic.
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