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Field of the Invention This. invention rel ates generdifPpgo
sputterl ng targets, and nore specifically to nethods of naki ng high
per formance, high density sputtering targets conposed of al um num and
a non- alum num netal. 5 Background of- the I nvention

Sputtering targets are used in the formation of sem conduct or
substrates as a source of material to be depgsited on the substrates.
In sonme applications |ayers of alloys conposed of one or nore netals

are deposited onto the surface of a substrate

ETHOD OF MAKING UNREACTED METAL/ALUMINUM SPUTTER
TARGET

Field of the invention

This invention relates generally to sputtering farQe"cs,
and more specifigally to methods of making_ high performz?ince, high
density sputtering targets cqmposed of aluminum :;snd a non-
aluminum metal.

Sputtering targets are used in the formation of
semiconductor substrates as a source of material to be deposited
on the substrates. In some applications layers of alloys composed
of one or more metals are deposited onto the surface of a substrate

10  to improve performance and cha_racteristics of individual products.
For example, magnetron sputtering is a widely used method to
deposit thin layers of aluminum and non-aluminum metal alloys

onto flat and patterned substrates. The fabricated substrates are
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10 “to inprove performance and characteristics of individual products.

For exanple, nmagnetron sputtering is a wdely used nethod to deposi t
thin layers of al um num and non-al um num netal all oys onto flat and
patterned substrates. The fabricated substrates are

- 2- then used in the manufacture of prggycts such as integrated
circuits, nmenory storage devices, magnetic reCordi ng or o rgproducigg
apparatus, and inksjet heads. Metal s 1 e posited on
apgerri conductor s f‘rléﬁe@a"dnSthe @PE“F%%B*PF%?H?‘H@%%&% g&?ﬂ@t?‘ir get by a
pl asma. The quality of the resul tant sem conductor substrate depends
on the quality of Circuits, memosy steragerdpvicasydnagnghit reeagdingeommt eri al |

whi ch in turn depends on the quality of its fabrication. The

fabrication of theeppoducinga@paratus, and ink-jet heads.
Metals to be deposited on a sémiconductor substrate
5 are removed from the sputtering target by a plasma. The quality of
the resultant semiconductor sﬁbs_trate depends on the quality of
the sputtering target supplying the material, which in turn depends
on the quality of its fabrication. The fabrication of the sputtering
target, in parﬁcular the target compositionl and structure, is
10 important in achieving a high performance, high density substrate.
Improperly fabricated sputtering targets have several
undesirable features such aé low density, the presence of .
intermetallic com'pounds, and a non-uniform composition. Low
density sputtering targets are undesirabie because they cause
15 | outgassing during puﬁpdown; whére air trapped in the target either
increases the time for the desired level of vacuum to be reached, or
prevents the necessary vacuum from being reached at all, thus
reducing uptime of the target. Additionally, impurities in the air
trapped in the target can contaminate the film. Intermetallic
20 compounds are brittle and may result in sputtering target failure
during fabrication or operation. A non-uniform composition of the

sputtering target is undesirable because it reduces the substrate



target, in particular the target conposition and structure, is 10
i mportant in achieving a high performance, high density sSubstrate.

I nproperly fabricated sputtering targets have several undesi rabl e
features such as | ow density, the presence of intermetallic
conmpounds, and a non-uni form conposi tion. LQ?L density sputtering
targets are undesirabl e because they cause 5 out gassi ng during

punpdown, where aiy,.trapped in the.target either . . i ncreases the tine
Por the desi red | ol SRE e, Banrignisant Gompagtics is reprodidkid GAIHE fIfY
necessary vacuum from bei ng reached at all, thus reduci ng upti me of
the target. Addittoating gheisupstretéd.es in the air trapped in the
target can contaminate the film Internmetallic 20 conpounds are brittle

and may result in sputterin@rdea@eiod af sblving the prolslem of irhphsperiyt i on or
operation. A non-uniform conposition of the Sputtering target is

undesirabl e becaugg,idath§ P tohnonfogddus dptittering targets, and hence the

5  problem of reduced substrate yield, has been to use separate
targets as sources for the aluminum and the non-aluminum métal.
This method, however, is inefficient in that the sputtering targets
musﬁ be mechanically rotated to average out the composition from-
each metal. Additionally, mechahi:_:al rotation has only been used
10 when the non-aluminum metal was tantalum, thus its applicability
to non-aluminum metals other than tantalum is unknown.
It would be advantageous to fabricate a sputtering
| target that is a homogeneous composition of an unreacted
aluminum and non-aluminum metal and that containé greater than
15  about 2% to 5% by weight of aluminum. This would be sufficienf
| to allow formation of an al_uminum layer around the non-aluminum
metal. Therefore, é high quality, high performance, substantially
uniform sputtering target, and an efficient method of fabricating
such a target, is needed.
20 ummary of the Invention
To this end, the present invention provides a method

of making a high performance, high density sputter target



-3-° yield, since the non-uniformconposition is reproduced on the

film coating the substrate. One net hod of sol ving

t he probl em of inproperly fabricated or nonhonbgeneous sputtering
targets, and hence the 5 probl em of reduced substrate yield, has been to
use separate targets as sources for th& al um num and t he non-al um num
net al . This method, however, is inefficient in that the sputtering
targets nuaiorhpomﬂ:baal hmhbgenemm atixture af el agdnuratariche rnewposi ti on
from each netal. Additionally, nechanical rotation has only been used

10 when the norhigﬂm,“%gat al was tantalum thus its applicability
to non-al unmi num nmetfals other than tantalumis unknown

It woul d be advant ageous t fabrl cate a P utt

is a
hombgeneous conposi tion of Eﬁ?%%'@ﬁen °"as° &WW&R&% 59 m num
metal and that contains greater than ’

formed by the method of the invention. Such a sputter target has

5 high performance, high purity, and.is a composition, structure and
density that is substantially uﬁifo(m across the body of the sputter
target.

The present invention also provides a high
performance, high density sputter target that is a hot pressed

10  evacuated machined cylinder of a cold pressed blend of a non-
aluminum metal powder and an aluminum powder.

According to one embodiment, a non-aluminum
reactive metal such as titanium, tantalum, niobium, zirconium, iron
or nickel, is fabricated into a powder by a hydride-dehydride

15 process. In alternative embodiments, the powder may be
fabricated by a sodium reduction process or an inert gas
atomization process. The non-aluminum reactive metal powder
may have a spheroidal, angular, or granular morphology. The non-
aluminum metal powder is preferably between about 6 gm and

20  about 300 ym, and is most preferably between about 6 ym and
about 45 ym. An aluminum metal body is also fabricated into a
powder by a mechanical comminution process or an inert-gas

atomization process. The aluminum powder, which may have a



15 ° about 2%to 5% by wei ght of alum num This would be sufficient

to allow formation of an al um num | ayer around the non-al um num

metal . Therefore, a high quality, high performance, substantially

uni form sputtering target, and an efficient nethod of fabricating

such a target, is needed. 20 Summary of tge | nvention _

To this end, the present invention provides a nethod of making a

hi gh perfornmance, C?He@&déﬁﬁﬁrﬁuolégvt isepreffafabh} less than about 300 um and is
-4- conpose f a hormgeneous m xture of alum num and a non-

aurt pum 1ot most prater oo e Gl B ALY oI OT 21 09, Provi dee 2
target has The non-aluminum and aluminum powders are blended
with 1" Iong.x 0.5" wide cylinders of pure aluminum for at least 2
5  hours. A solvent such as alcohol or acetone, or a binder such as
stearic acid or stearates may be added to the powders to enhance
blending. The blend is subjected tb cold pressing in either a
uniaxial, biaxial or hydrostatic direction. In a preferred
embodiment, the blendeq powders are subjected to cold isostatic
10  pressing at a pressuré of about 30 ksi to form a blank. The blanks
are machined into a right cylinder, then the cylinder is subjected to
hot pressing under a vacuum. Hot pressing is preferably performed
at at least about 107 torr at a temperature less than 0.9 times the
melting temperature in degrees Kelvin of aluminum (0.9 T, of
15 aluminum) and at a pressure of at.least about 5 ksi.
~ In an alternative embodiment, a non-aluminum reactive |
metal powder is blended with an aluminum powder. The blend is
subjected to cold pressing and is then assembled into a mosaic.
The mosaic is subjected to either hot isostatic pressing, vacuum
20  hot pressing, inert gas hot pressing, or pressure-less sintering at a
| temperature below 0.9 T, of aluminum.
The unreacted non-aluminum metal/aluminum sbutter

target formed is a high performance, high density sputter target. It



5 ’high performance, high purity, and is a conposition, structure and
density that is substantially uniform across the body of the sputter

target. The present invention also provides a high
performance, high density sputter target that is a hot pressed 10
evacuat ed machi ned cylinder of a cold pressé@'blend of a non-

al um num netal powder and an_al um num powder . . . According
to one enbodi nent hag arsybsaantiglvuuniform compapitioncstiveire andrdensity t ani um
tantal um ni obium zirconium iron or nickel, is fabricated into a

powder by a hydri gerodehtherbotly ofithe target end.a honalumimaeh imetat albvetigent s,
t he powder nay be fabricated by a sodi umreduction process or an

i nert gas ' 0 qrdNe non-al um num reactive netal
g myﬁh&ﬁﬂlé%ﬁie QE&%S?? 4.

powder y have a spheroi dal angul ar, or granul ar nor phol ogy. The
20 about 300 [errim and EY Ve O Becteipbongc At apis PrevioE e m and
about 45 [err]m An alum numnetal body is also fabricated into a
sputter target of aluminum and a non-aluminum reactive metal
containing greater than about 2%‘to 5% by weight of aluminum
and a method of making such a sputter target. Tﬁese and other
_objects and aanntéges .of the present invention shall be made
apparent from the accompanying description thereof.
10  Brief Description of the Figures
FIGS. 1A, 1B, and 1C are a series of
photomicrbgljaphs showing a sputter target made by an early
unrefined method of the present invention.
FIGS. 2A, 2B, and 2C are a series of
15 photomicrographs showing a sputter target made by the method of
the present invention.
Detailed Description
| With reference to FIGS. 1A, 1B, and 1C and FIGS.
2A, 2B and 2C, a high performance, high purity sputter target is
20 formed by the method of the present invention. The sputter target
is composed of a substantially homogeneous mixture of an

aluminum and a non-aluminum metal. As shown in FIG. 1A, an

early unrefined method of the present invention produced a sputter



powder . by a mechani cal conmminution process or an inert-gas
atom zation process. The al um num powder, which may have a

-b5- spheroi dal norphology, is preferably |ess than about 300.[err]m
and is nost preferably | ess than about 45 [err]m

The non-al um num and al um num powders are bI_-fe_nded with 1" long X
0.5" wide cylinders of pure alumnumfor at |east 2 5 hours. A sol vent

such as al cohol Qqr e e ' . | G aGl da0r
st earates may bquﬁ%g‘d‘k?@ Tﬁghﬁg\ﬁg‘e&r@%’gﬁgﬁﬁgﬁé he alumﬁ%{ﬁg};‘éﬁ.ﬁge%' e bl end
i s subjected to cold pressing.in eigtgt]er a uni axj al , bi aéi al or
hydrostatic di redepeiting ip glugtiipyra aqgiomerate 3Qqthe agglomengies, SO RreLN

powders are subjected to cold isostatic 10  pressing at a pressure of
about 30 ksi to fimegukarly-sirdpeditalldntimmkaf at least about four to five aluminum

p‘jczrticles 20 with an aggregate size of at least about 50 um. As
5 | shown in FIG. 1B, the early unrefined method produced a sputter
target showing micro.segregation of alu.minum powder paﬁicles 20
of about 100—206 pm in diameter. As éhown in FIG. 1C, the early
unrefined method produced a sputter target having a microstructure
which showed an interfacial reaction layer 40 between the
10 aluminum 20 and the non-aluminum metal 60 particles.

The method of the present invention is an
improvement of the early, unrefined process. The method of the
present invention, as shown in FIG. 2A, produces a sputter target
with no macroscopic segregation of -the aluminum particles 20 into

15  agglomerates 30 as shown in FIG..1A. As shown in FiG. 2B, there
are only traces of microsegregation of prior aluminum powder
particles 20 of about 10-30 um in diameter. Additionally, in the
method of the present invention and as shown in FIG. 2C, no
interfacial reaction layer 40, as seen in FIG. 1C, is evident between

20  the aluminum 20 and the non-aluminum metal 60 particles. |

Generally, the sputter target of the present invention
is formed from a hot pressed. evacuated machined cylinder of a

cold pressed blend of an aluminum powder and a non-aluminum



are’machined into a right cylinder, then the cylinder is subjected to

hot pressing under a vacuum Hot pressing is preferably perforned’ at
at | east about 10[err] torr at a tenperature less than 0.9 tines the
melting tenperature in degrees Kelvin of alumnum (0.9 T[err] of 15

al um num and at a pressure of at |east abouig-5 ksi. : In
an alternative enbodi nent, a non-al um numreactive netal powder is
bl ended with an alreawwmwséwd’éhe FabaBghib® of an alunﬁﬁbmeﬁé&flté% col d
pressing and is then assenbled into a nosaic. The nosalc is

subj ected to eith ovbgér %lse(?érta%w BcB&%SE af: ln¥rgfg%§rgtoﬁgzat1m5r8£€§ssi

i nert gas hot pressing pressure- enperature
bel ow 0.9 T[err] of aI um num The unreact ed

non- al um num net alWhichn? metakisutirst melted and afipwad ta,paEY througha grzzle
performance, high density sputter target. It

to form a freely falling stream. The stream is impacted by a high-
5 pressure, high velocit'y. jet of an inert gas such as nitrogen, argon,
“or helium to generate a force suff_icient to break the molten metal
stream to a spray. Fabrication to a powder may also occur by
other processes known to one skilled in the an;t such as a
mechanical comminution process. The morpho!ogy of the powder
10 may be substantially spheroidal,I angular (defined as having a
substantially needle-like shape), or granular (defined. has having a
substantially grain-like shape).
A non-aluminum second metal body is similarly
fabricated, preferably by a hydride-dehydride process. In other
15 embodiments an inert-gas atomization process, or any other
process known to one skilled in the art, may be used to fabricate
the metal body to a powder. The morphology of the powder méy
be substantially spheroidal, angular (defined as having a
substantially needle-like shape), or granular (defined as having a
20 substantially grain-like shape). The second non-aluminum metal
may be any non-aluminum metal that is known to react with

aluminum, typically titanium, tantalum, niobium, zirconium, iron or

nickel.



-6- has a substantially uniform conposition, structure and density
across the body of the target and a non-al um num netal average

particle size of about 30 [err]m By virtue of the
foregoing, there is thus provided a 5 sputter target of alum-numand a
non-al um num reacti ve net al cont ai ni ng@-greater than about 2% to 5%
by wei ght of al um num ~ and a nethod of making such a sputter target.

These and ot her obj eq 8 preferred anitRdiment, tHLalNERART ahd \R3t-i on
shal | be made apparent fromthe acconpanyi ng description thereof.

10 Bri ef Descri pt,i | ' 1 B,
and 1 C are a ser %?ads'ﬂw rﬁ&%l EB o) & thus formﬁds ag jeas than gﬂ% %% @r‘éet

om crograp owng a sp

made by an early unrefined nmet hod of the present jnvention.
FIGS. 2A, 2B, and 9amgtes, a{tQE‘l‘g’é§°éfse’1@Wd§Wo‘t‘lbﬁP@il?g#‘:ﬁﬂ%”@hﬂw ng a

sputter target nmade by the nethod of the present invention.
' diameter may be used. The use of powders less than about 45 ym

5 in diameter results in 6nly traces of microsegregatidn of the powder
particles 20, as shown in FIG. 2B. The powders may have a
spheroidal, angular, or granulaf morphology. A capaci‘;or-grade
powder, that is, a powdef with a very high specific surface aréa
and a pgarticle size formed by a sodium reduction process, is

10 preferably avoided.

The f;'znbricated aluminum and non-aluminum metal
powders are blended for at least two hours. Blending for this
period prevents the macroscopié segregation of aluminum into
agglomerates 30 in a éputter target,-as shown in FIG. 1A. Inone

15 embodiment, the powders are added to.a polypropylene jar
containing 1" long by 0.5" wide cylinders of pure aluminum to
ensure homogeneous blending. The jar size may vary depending
upon the particulér powder batch size. A lubricating agent may
also be added to the powders to facilitate blending and prevent

20  clumping of the aluminum and non-aluminum metals. The
lubricating agent may be a solvent such as an alcohol, for example,
methanol, or acetone. The lubricating ag-ent may also be a binder

such as stearic acid or stearates.



Det &i | ed Descri ption ) Wth reference to FIGS. 1A, 1B,

and 1C and FI GS. 2A, 2B and 2C, a high performance, high purity
sputter target is 20 formed by the nmethod of the present invention. The
sputter target I s conposed of a substantially honbgeneous m xture of
an al um num and a non-al um num netal -1®s shown in FIG 1 A an
early unrefined nethod of the present invention produced a sputter

-7- target wth nacrosgPblenEes aReAlium a#9id hdre-afimifium HoReddr igl es 20,

resulting in alum num aggl onerate 30. The aggl onerates 30 are an-

O e 8508 1l ok AR MM bR Bl

shown Tn FIG 1B, & Ged fhto’a bag tade of %‘3%5}29nPéb"e‘i'-f‘?aetgxf"bSPy‘i“ fittie,
polyurethane, polyvinyl chioride, neoprene or silicone, and the bag

5 sealed before pressing. Alternatively, the blended powder may be
pressed without baggipg by pouri_ng the blended powder into a
mold and apblying pressure directly to the mold. The blended
power is then subjected to cold isostatic pressing (CIP), defined as
pressing without added heat (that is, pressing at room témperature)
10 and applying pressure. Pressing may be either uniaxial, biaxial or

hydrostatic and is performed at a pressure of about 30 ksi.

The pressed powder blend is a blank, which is an
intermediate form of the blend which is not a powder but is not yet
in a final shape. The blank is machined into a right cylinder, that

15 is, a cylinder having a base that is perpendicular to the side of the
cylinder. Machining can occur by any standard method known to
one skilled in the art, but is preferably performed by a lathe. The
machined cylinder is loaded into a can having dimensions that are
substantially close to that of the starting cylinder. The can is

20 preferably made of steel, but may be made of another metal, for
example zircon. The can composition depends upon the melting

temperature and the reactivity of the meta!l of the can with the

non-aluminum metal. The can is heated to about 400°C, subjected



target show ng m crosegregation. of al um num powder particles 20 of
about 100-200 [err]min dianeter. As shown in FIG 1 C, the early

unrefined met hod produced a sputter target having a microstructure

whi ch showed an interfacial reaction | ayer 40 between the 10 al um num 20

and the non-alum numnetal 60 particles. =~ -11- The net hod of
the present invention is an i nprovenent of the early, unrefined
process. The net heda dfactilith of about NOSswomt, dndvsediedn THessedledrcanisFl G 2A,
produces a sputter target with no rracroscopi C segregation of the

al um num particle t '

showmn in FIG 2B, ﬁiﬁgcfe'?i t hA‘?lsos% ﬁ{/gi{sr geg_é %ﬁ?@?ﬁ%ﬁ% géts?iorgl pr| or
al um num powder parti,cl q of ahout - errlmin dianeter.

Addi tional Iy, in ¢itRera umaxxz,a,lE fradeloPr fiy “EFEEE re| PERESIHS AP as shown in
FIG 2C, no interfacial reaction layer 40, as seen in FIG 1 C, is
evi dent between Ténperatareabeloin0nd 3G, efaluntisumoithel meltingrteropatatee in
particles. Generally, the sputter target of the present

i nventi on. 5 degrees Kelvin of aluminum) and at a pressure of about 5 ksi.

In an alternate embodiment, blanks as small as around
0.5 inch in diameter may be formed. The aluminum and non-
aluminum metal powders are fabricated and blended as previously
described. The blended powders are pressed, preferably using
10 eit_her cold pressing or cold isostatic pressing, and then assembled
into a mosaic. The mosaic, an assembly of a few, typically four to
five, pieces that when aggregated make up a shape, is then
subjected to hot pressing. Hot pressing, by either hbt isostatic
pressing, vacuum hot pressing, inert- gas hot pressing, or pressure-
15 less sintering, occurs at a temperature below 0.9 T, of aluminum.
The mosaic fhen forms a one piece unreacted non-aluminum
metal/aluminum sputter target.
The resuiting sputter target formed by the method of
the present invention contains greater than about 2% to about 5%
20 by weight of aluminum. As shown in FIGS. 2A énd 2B, the sputter
target is substantially free of aluminum agglomerates 30, as seen in
FIG. 1A. As shown in FIG. 2C, the resulting sputter target also has

no interfacial reaction layer 40, which is characterized by the



is formed froma hot pressed evacuated machi ned cylinder of a cold

pressed bl end of an al um num powder and a non-al um num - 8-
reactive netal powder. Fabrication of an al um num body to a powder
preferably occurs by an inert gas atom zation process in whi ch a
metal is first nelted and all owed to pour tHrugh a nozzle to forma

freely falling stream The streamis inpacted by a high- 5 pressure,

hi gh vel ocity | et pafsengeicfes thighsompoinens othér th@anan algnmum 20 andmdiel i um
to generate a force sufficient to break the nolten netal streamto a

spray. Fabri cat | o finfinP MEAST 60BYTIE #@ E6HipoRknt that IR TRER2ES

known to one skil ed Int art such ani cal comm nut1 on
process. . Ths ot 00t B h 15 RRUIE ot e P8 BB A e
20 with the non-aluminum 60 particles, or may be formed by the
5 reaction of oxygen wi-th either the aluminum 20 or non-aluminum
rﬁetal 60 particles, or may result ffom the reaction of either the
aluminum 20 or non-aluminum metal 60 particles with any impurity
that may be present, such as an impurity'in the solvent or binder..
The reactive sputter target is ._also substantially free of voids, has a
10 substantially uniform body, and has a density of at least 99% as
determined by the Archimedes method, known to one skilled in the
art, with a purity greater than 99.95% by weight. The amounts of

" impurities are as follows:

Calcium < 20ppm Chromium < 50ppm
15  Copper<20ppm Cobalt<50ppm
Iron<35ppm Potassium < 200ppm

Magnesium < 25ppm Lithium <50ppm -
Manganese < 50ppm Molybdenum < 35ppm

o Nickel < 20ppm Sodium < 200ppm
20  Niobium <30ppm Silicon<50ppm
Tungsten < 60ppm Strontium < 20ppm

Titanium <50ppm

The product thus formed is not limited by compositions and does
L]
not use any sintering, reactive sintering, or reactive hot-pressing as

25 a method of manufacture.



substantially needl e-1ike shape), or granular (defined has having a

substantially grain-1like shape). A non-al um num second
metal body is simlarly fabricated, preferably by a

hydri de-dehydri de process. In other 15 enbodinents an inert-gas

atom zation process, or any other prod&ss known to one skilled in

the art, may be used to fabricate the netal body to a powder. The

nmor phol ogy of the powder may be s@&X®MPLEal | y spheroidal, angul ar

(defined as having a substantial ly needl e-1ike shape), or granular

g gﬁf LPﬁﬂq- ﬁz mham‘f 't glg a 20 msiﬁ %tr&‘iﬁfdré& 'a}‘-dGF '@;réﬂn&%f%@ﬁ)mmﬂﬁ? poeFdurd
- y be any non-al umnum netal that 1s known to
;ie?gén}/m;]';nh iron or® g;%r%%%ﬁ%@ﬁ?p a;[uli b@“bg% p%.:?i%,aali#ém o’EioO grarﬁ% of a
tantalum powder of approximately 45 ym and 99.95% purity, were
5 used to fabricate a sputter target composed of 50 atomic percent
of alﬁminum .and 50 atomic percent of tantalum that is 13 percent
by weight of aluniinum. The mass-median particle size was 20-25
um in diameter. The powders were loaded into a polypropylene jar
under an inert gas such as argon and tumbled for two hours to
10  blend the powders. Pure aluminum cylihders, 1" long x 0.5" wide,
were included in the jar during blending to eliminate the possibility
of nonhomogeneity du'ring blending. The blended powder was
" loaded into a bag whose size was substantially the same as the
cylinder, then the bag was vacuum-sealed. The bag was squected
15  to cold isostatic pressing under a pressure of about 30 ksi to
| achieve a density greater than 80% of theoretical. The cold
isostatic pressed blank was machined using a lathe or any other
machining technique into a right cylinder, loaded into a steel can,
vacuum sealed, and subjected to hot isostatic pressing at 550°C
20  under a pressure of at least 5 ksi to reach greater than 99% of
theoretical deﬁsity.
The density of the resulting sputter target, as

measured by the Archimedes method, was 9.80 g/cc at the edge,



-9- In a preferred enbodi nent, the al umi num and non-
al um num nret al povvders thus forned are | ess than about 45 [err]min

di anet er, although coarser powders up to about 300 [err]min

dianet er
may be used. The use of powders |ess than about 45 [err]m 5 i n dianeter
results in only traces of mcrosegregation of4the powder particles

20, as shown in FIG 2B. The powders may have a spheroi dal, angul ar,

or' granul ar ”Prphgip Y %&PF Rdfhd 9.81 gle¥derheldeAted, S, a powder
with a very high g% q/cg a(siti}rﬂ ace arg% éﬂa'particl e si'ze formed by
a sodi umreduction process, is

f
The fabricated al drAnRIAIRG & ﬁcﬂ?"&?ﬁ‘?r?ﬁr X er?ﬁ?l of’%@ &%daWa? gdge, 98F2%

ended
for at least two hours. Blending for this r|od prevents the
macr oscopi ¢ segr eg#tthenmid-regiomi andr99ai % at the Ce ngl- ohle ghearetical b 5
sputter target, as showmn in FIG 1A 1In one enbodi ment, the powders

are added to a pol yeHSRYisHcilated to be 9. earg/acmmmemulemg Mixt@res: asi de
cyli nders of pure alumnumto
5 known to one skilled in the art, for a 50-50 atomic mix of
aluminum and tantalum, that is, a mixture of 13 percent by weight
of aluminum and 87 percent by weight of tantalum. The resulting
target was substantially free of aluminum agglomerates 30 and had
no interfacial reaction layer 6;0. No voids were detected when the
10 target was viewed under scanning electron microscopy.

While the present invention has been illdstrated by a
description of embodiments and an example, and while the
illustrative e'm_bodiments and example have been described in
considerable detail, it is not the intention of the inventors to restrict

15 or in any way limit the scope of the appended claims to such detail.
Additional advantages and modifications will readily appear to
those skilled in the art. For example, hammer forging may be used
instead of lpressing. As another example, the blended powder may
be poured into a mok_:l, and pressure and temperature may be

20 applied directly to the mold without using a bag or can to contain
the powder. The invention in its broader aspects is therefore not

limited .to the specific details, representative apparatus and

methods, and illustrative examples shown and described.



ensure honogeneous bl ending. The jar size may vary dependi ng upon

the particul ar powder batch size. A lubricating agent may al so be
added to the powders to facilitate bl ending and prevent 20 cl unpi ng of

t he al um num and non-al um num netals. The | ubricating agent may be a
sol vent such as an al cohol; for exanple, met hanol , or acetone. The

| ubricating agent nmay also be a bi nder -15- such as stearic acid or

st ear at es. _ - 10-

The bl ended al unhsosrdinglyn depatturéshomayeenderdel rom such detailsswihetted t o
col d pressing. The bl ended powder nay be | oaded into a bag made of

natural rubber, Lat&XingOltbdH thespifit |o?1scoBe of dpplicHh e’ hreraliab ety |
chl ori de, neoprene or g I'1 cone, and the seal ed before pressing.

Al ternatively, the blended powder nmay be
concept.

'Having described the invention, what is claimed is:



pressed without bagging by pouring the bl ended powder inta a mol d
and applying pressure directly to the nold. The bl ended ower is

. | | ! de p |
W thout maded nest Ccthat e, “proser g at or oom +emver at ol ANHIM! ILARD Rl ¢
‘appl yi ng pressure. Pressing may be either ug{rbaxi al, biaxial ‘for* " %

-

hydrostatic and is performed at a pressure about 30 ksi.

The pressed powder blend is,a blank, which is a .. i nter.nedjate form
of the blend which-is not afBRYRed l?lﬁt'“?'%‘“ﬂ(?th‘?ﬁtperf°rma"?’?1€i'éfgsims'té'hape.
The blank is machined into a right cylinder, that 15 I's, a cylinder
havi ng a base t haspitteptargehdiaropesings t he si de of the cyl i nder.
Machi ni ng can occur by any standard nmet hod known to one skilled in

the art, but is preferably pgirfdigachdiy-afurhinfrereabtive metal powvder aad
cylinder is |loaded into a can having dinensions that are

substantially cl ose t starting c¢ylinder. The can is 20
R 3l we

preferably nade o may ‘be nade of another netal, for

exanpl e zircon. The can conposition_depen on the nelti
i 5 rrIc):o?d pressing l:t?he gfenlé%d powger, 'ng

machining the blended powder into a dylin;ler, and

hot pressing the cylinder under a vacuum.

2. The method of claim 1, wherein the blending step
includes blending a reactive non-aluminum metal powder selected
from the group consisting of tantalum, titanium, niobium,

zirconium, iron and nickel.

3. The method of claim 1, further comprising obtaining
the non-aluminum reactive r_netal powder by fabricating a non-

aluminum reactive metal body to a powder.

4. . The method of claim 3, wherein the fabricating step
includes the step of fabricating the non-aluminum reactive metal
body by a method selected from the group consisting of a hydride-

dehydride process and an inert gas atomization process.

o
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tenperature and the reactivity of the netal of the can \N’fh t-he

(BT | <

non-alum num netal. The can is heated to about 400[err Wllﬂsubj ec

-11- - - to a vacuum of about 10[err] torr, and seal ilﬂ(ﬂ" mr is
subj ected to hot isostatic pressing (H P). Hot |sostat

either a uniaxial, biaxial, or hydrostatic direction occurs at a
tenperature below 0.9 T[err] of alum num (t{g. nelting tenperature in 5
degrees Kelvin of alum nun) and at a pressure of about 5 ksi.

In an alternate gs”bod' ment ThQ'lﬂ@ﬁ%@%f%F%?\Jnl3a§rh%FélHriﬂe fabricafin s't hin

di aneter may be fornmed. The al um num and al um num powder s

are fabricated and bI ended, as, preV| bed,, The bI ended
powders are presé’é‘d gqe‘%' ﬁﬁor%bg\’e?‘?lﬁ@e‘%ﬁpﬂ" HeBYRy or cold
| sostatic pressing, and t hen assenbled

conmstmg of spheroidal, angular, and granular.

6. The method of claim 1, wherein the blending step
includes blending a non-aluminum reactive metal powder that is

between about 6 ym and about 300 ym.

7. The method of claim 1, wherein the blending step
includes blending a non-aluminum reactive metal powder that is

between about 6 ym and about 45 ym.

8. The method of claim 1, further comprising obtaining
the aluminum powder by fabricating an aluminum metal body to a

powder.

9. The method of claim 8, wherein the fabricating step.
includes the step of fabricating the aluminum metal body by a
method selected from the group consisting of a hydride-dehydride

process and an inert-gas atomization process.

-
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into a nobsaic. The npbsaic, an assenbly of a few, typiW
five, pieces that when aggregated nake up a shape; is then \c
to hot pressing. Hot pressing, by either hot |sostat|c\m\\\ “% “ﬁm
vacuum hot pressing, inert gas hot pressing, or pressur ess

sintering, occurs at a tenperature below 0. %dlerr] of al uni num The

nosai c then forms a one piece unreacted non-al um num nmet al / al um num
sputter target.

|
the method of 10. the pr bed ethr?v-gﬁleﬁi el 1] her@HIthE bIbAdIRG!stefr Med Dy

ron contalns greater than about 2%

to about 5% 20 ht f As shown h
sput t er taﬂji‘t' ?ﬂﬂg'tga QEW%WP%@%?PB?W&HG%%Bﬁ gr&é}ﬁrggl 3}) eas

seen in FIG 1A As shown in FIG 2C, the resulting sputter target
al so has nenompheldgyci al reaction | ayer 40, which is characterized by
t he

1 1.. The method of claim 1, wheréin the blending step

includes blending the aluminum metal powder that is less than

about 300 ym.

12. The method of claim 1, wherein the blending step
includes blending the aluminum metal powder that is less than

about 45 ym.

13. The method of claim 1, wherein the blending step
includes blending the powder with 1" long x 0.5" wide cylinders of

pure aluminum for at least 2 hours.

14. The method of claim 1, wherein the blending step
includes blending with a substance selected from the group

consisting of a solvent, a binder, and mixtures thereof.

15. The method of claim 14, wherein the solvent is

selected from the group consisting of alcohols or-acetone.

This Sheet Has Been RTlaced




-12-.."_ "~ presence of a third conponent other than-an alunmi num 20 and non-
al um num netal 60. The third conponent that forns the interfacial

reaction layer 40 may be fornmed by the reaction of H'ﬂl
with the non-alum num 60 particles, or may be forie H Hﬂ“‘ﬂm” Imict i on
of oxygen with either the alum num 20 or ngmy.al uminuim ¢ fetdl 60

particles, or may result fromthe reaction of either the al um num 20
or non-al um num ggtal 60 p [ ] 1. . that may be
present, such as{rgn | mpur i ?BE 'ﬁéﬁg\/\eﬁ)ﬁa%ﬂ%ﬂ' Wﬁé}edxrthe binder The reactive
Sputter target is aI SO ubstant lally free of voids, has a 10

substantial 'y unf® SFT‘ﬁdoﬁ'HV‘ t%ﬁ'%z‘énﬂﬁmg ©f stearig acigd af stearates.

determ ned by the Archi nedes nethod, known to one skilled in the

art, with a purity greater than 99.95% by wei ght. The amounts of

i mpurities are as foll ows: Cal ci um < 20ppm Chr om unx 50pp_m 15
Copper < 20ppm 17, Cobal rhe mEHYA of claim!T %héréﬁ&ﬁg‘cold pressi g ?é@' um <
200ppm Magnesi um < 25ppm Li t hi um < 50ppm Manganes Oppm

Mol ybdenum < 35pi?'|rgludes cold isostatic pressing at a pressure of about 30 ksi.

18. The method of claim 1, wherein the cold pressing step
includes cold pressing in a direction selected from the group

consisting of uniaxial, biaxial or hydrostatic.

18. The method of claim 1. wherein the hot pressing step

includes hot pressing under a vacuum of at least about 107 torr.

20. The method of claim 1, wherein the hot pressing step
includes hot pressing at a tempera,ture'less than 0.9 T, of

aluminum and at a pressure of at least about 5 ksi.

21. - The product of the method of claim 1, wherein the
sputter target has a composition, structure and density that is
substantially uniform across a body of the sputter target and

contains greater than about 2% by weight of aluminum.
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Ni ckel < 20ppm Sodi um < 200ppm 20  Ni obi um < ilicon <
50ppm - Tungsten < 60ppm Strontium < 20ppm Ti t ani um < 50ppm

The product thus formed is not limted by corrpositi:o "ﬂ,ﬂ (, ”‘l””" not
use any sintering, reactive sintering, or reactive h L
met hod of manuf act ure. :

EXAVPLE One hundred and 43ty granms of an al um num
powder of approximately 45 [erfr]mand 99.99% purity, and 1000 grams
of a t ant al 28 powder ©he prpduct ohithe netbod of dlaimurid veiserebvatmairi ty,
were 5 used to fabricate a sputter target conposed of 50 atom c percent
of alum num and S¢hRteMarg@EhES at cothpbsifionl stfubhate arsd aanei@wﬁai is by

wei ght - of al umi num The nass-nedi an parti cle size was 20-2
substantially uniform across a body of the sputter target and

contains greater than about 5% by weight of aluminum.

23. The product of the method of claim 1, wherein the
non-aluminum metal of the sputter target has an average particle

size of about 30 ym.

24, A method of making a high performance, high density
sputter target, comprising:

blending an alumi_num powder having an average
particle size less than about 45 ym with a tantalﬁm powder having

5  an average particle size of less than-about 45 ym for at least two

hours to form a homogeneous blend,

subjectin_g the blended powder to a cold isostatic
pressing at a pressure of about 30 ksi to form a blank,

machining the blank into a right cylinder, and

10 subjecting the méchined cylinder to a hot isostatic

pressing at a temperature of about 550°C and a pressure of about

5 ksi.
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[er

r]m|n di anmeter. The powders were | oaded into a

under an inert gas such as argon and tunbled for two hours

-PGWBFGW
the powders. Pure alum numcylinders, 1" long x 0.5" Emw‘“‘lﬂ‘mw .
0

included in the jar during blending to elimnate the

nonhonogenei ty during bl ending. The bl ended-Zbwder was | oaded into a
bag whose size was substantially the sane as the - cylinder, then the
bag was vacuum se2bed. The Aaigghqsertmrlnq\zmneedngﬂaensmy(sphdtelrstasgeit|c

pressi ng under a pressure of about 30 ksi to achi eve a density
greater than 80% EBnid’x‘&ﬂfg%'tﬁ'pre&@i E%éhated macH:ﬁQ&W\thePbF%S&ﬂdm ank -
was nachined using a'l at he or any ot mach |n| ng techni que into a
right cylinder, |oaded steel um sea

subject od o hot Prowedfletd B fdy aitem%m??ﬁttfe W SRR B sur e of
at least 5 ksi to reach greater than 99% of t heoretical density.

The density of thalureinym pawdssutter target, as measured by the

Ar chi nedes method, was 9.80 g/cc at the edge,

26. A method of making a high performan_ce, high density
sputter target, comprising:

blending a non-aluminum feactive metal powder and
an aluminum powder;

5 cold pressing the blended powder by a method
selected from the group consisting of cold pressing and cold
isostatic pressing;

assembling a mosaic from the cold pressed powder;
and
10 pressing the mosaic by a method selected from the
group consisting of:
hot isostatic pressing;
vacuum hot pressing;
inert gas hot pressing; and
15 | pressure-less sintering

at a temperature below 0.9 T, of aluminum.
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-14- 9.83 g/cc at the md-region, and 9. 81M

translating to a percent of theoretical of 99.0%at the

at the md-region, and 99.1% at the center. The tnmﬂw\@m \‘\i \“ ensity
is calculated to be 9.95 g/cc by the Rule of M xt sknown to one
skilled in the art, for a 50-50 atomc m x of : alumnumandtantalum
that is, a mxture.-of 13 percent by wei ght22- of al um num and 87 percent

by wei ght of tantalum The resulting target was substantially free of

al umi num agg! ompyat es 30 #Ag ghaluct of thddtAbAIdrAAA 6eaghéihn kiger 40. No
voids were detected when the 10 target was viewed er scanning el ectron

h has b
| Tustrat ed by 3Putter tarogt bas A gorofiioth s ARG LB 3 e, and

while the ,
substantially uniform across a body of the sputter target.

28. The product of the method of claim 26, wherein the

non-aluminum metal has an average particle size of about 30 ym.
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Il lustrative enbodi mrents and exanpl e have been described in

consi derabl e detail, it is not the intention of the inventors to restrict
15 or in any way |limt the scope of the appended clainms to such detail.

Addi ti onal advantages .and nodifications will readily appear to

those skilled in the art. For exanple, hanmer forging may be used

I nstead of pressing. As anot her exanpl€23+he bl ended powder nmay
poured into a nold, and pressure and tenperature nay be 20 appl i ed
directly to the nold without using a DRETRACEEN tO contain t he
powder. The invention in its broader aspects is therefore not

limted to the specific details, representative apparatus and

methods, and illustrative examples shown and descr | bed
Accor di ngly, de OFMAKL AB

-15-
ER

A high performance, high density sputtering target and
a method of making. An aluminum and non-aluminum reactive
metal powder blend .is'subjected to cold pressing under pressure,
machining, evacuating, and hot pressing under pressure. The '
aluminum and non-aluminum metal react direcfly to vield a high
performance, high density sputter target containing greater than

about 2% aluminum with substantially uniform composition across

the body.
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to form a uniformmxture of the powders

FIG. 1A
FIG. 2A

reacting with alum num and a powder of

col d pressingsthe bl ended powders, then,

bl endi ng a powder of substantially pure
machi ning the bl ended cold pressed powders into a cylinder,

capabl e of

substantially pure al um num net al

Havi ng described the invention,
A met hod of nmaking a high performance high density sputter
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essentdially of isostatically pressing the cylinder under vacuum at a
tenperature of at 1l.east about 400[err]C to obtain a high density target
mat.eri al consisting of a honpbgeneous mi xture containing essentially no

macr oscopi ¢ segregation of alum num containing at nost only traces of

m crosegregation of alum num and containing essentially no internetallic
conpounds of the netals. 2. The nmethod of claim1l, wherein the
non-al um num netal is selected from tHe3group consisting of tantal um
titanium niobium girconium iron and nickel. 3. The met hod. of claim
1, further conpris NEiak S AT e PR iET

non- al um num net al
met hod of claim 3, B&
group consi sting of&g : - 38 ; s
atom zation proceJ5e k s - N LG Lewiaggbricating
is to a norphol ogy N N > e




the group consisting of spheroidal, angular, and granul ar.

17 6. The nmethod of claiml, wherein the powder of substantially pure
non- alumnumnetal is between about 6 [err]m and about 300 [err]m 7.
The met hod of claim 1, wherein the powder of substantially pure non-

al um num netal is between about 6 [err]mand about 45 [err]m 8. The

nmet hod of claim 1, further conprising obtaining the powlder of
substantially pure alum num netal by fgapsgicating an al um num netal body.
9. The nethod of claim8, wherein fabricating is by a nmethod sel ected

fromthe

1,98KK 25KV WD: ' :

FIG. IC

2582§X 25KV WD :3MH $:0006808 P:ge0Bl
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-
-




group consi sting of a hydride-dehydri de process and an inert- ga§80336'+'0
atom zationh process. 10. The nethod of claim1, wherein the ppffa8 of -
substantially pure alum num netal has a spheroidal norphol ogy.. 11.

The nethod of claim1, wherein the powder of substantially pure alum num
nmetal is |ess than about 300 [err]m 12. The nethod of claim.l, wherein
the powder of substantially pure alum nupyzpetal is |ess than about 45
[err]m 13. The nethod of claim1, wherein the powders are bl ended
with cylinders of pure alum numfor atAég?Ek(’zr hour s.

METHOD OF MAKING UNREACTED METAL/ALUMINUM SPUTTER
TARGET

A high performance, high density sputtériné target and
a method of making. An aluminum and non-aluminum reactive
metal powder blend is subjected to cold prgssing under pressure,
machining, evacuating, and hot pressing under"pressure. The
aluminum and non-aluminum metal react direcﬂy to vield a high
performance, high density sputter target containing greater than

about 2% aluminum with substantially uniform composition across

the body.

Figure 2a.

/_
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' REPLACEMENT SHEETS  SG 6(] 03564 -0
18 14 DO Deseriptigthophged .;T)tai gagdd .~whdr ei n the bl endi ng step incl d

bl endi n?fm(tflhml(s) Snge@stétg e424 :firom the group consi EQSent
a bi nde Eldmdwﬂng(s)u;rpaged ed—. 15 The 14, vvherel n

t he sol ycBtAbstacte! e Wﬁa gtoyp consi mmmﬂ ‘ub m or acetone.
16. The nethod of cfai m 14, er'ding thesbiindér rs se romthe group

consi st me gfagbgara es. 17. The met hod of claiml1,
I

wherein ugdes cold isostatic pressing at a
pressure of about AOmethiod of miBing aThighrpedfiarthante diigh rdebsityvsputiém target col d
pressing step includes cold

comprising:

blending a powder of substantially pure non-aluminum metal capable of
reacting with aluminum and a powder of substantially pure aluminum metal to form
a uniform mixture of the powders of the metals, then

cold pressing the blended powders, then,

machining the blended cold pressed powders into a cylinder, and then

compacting the machined cylinder to high density by a process consisting
essentially of isostatically pressing the cylinder under vacuum at a temperature of at
least about 400°C to obtain a hiQh density target material consisting of a
homogeneous mixture containing essentially no macroscopic segregation of
aluminum, containing at most only traces of microsegregation of aluminum, and

containing essentially no intermetallic compounds of the metals.

2.  The method of claim 1, wherein the non-aluminum metal is selected from

the group consisting of tantalum, titanium, niobium, zirconium, iron and nickel.

3. The method of claim 1, further comprising obtaining the powder of

substantially pure non-aluminum metal by fabricating a non-aluminum metal body.

4. The method of claim 3, wherein fabricating is by a method selected from the
group consisting of a hydride-dehydride process and an inert gas atomization

process.

5. Th_e method of claim 3, wherein fabricating is to a morphology selécted from

the group consisting of spheroidal, angular, and granular.




pressing in a direction selected fromthe group copnsisting of uniaxial,

bi axial or hydrostatic. 19. The net hod of cI 'al m 1,

i sostatic pressing step includes pressing under at | east about
10[err] torr. 20. The nethod of claim1, wher' \!m{,ﬂﬂlﬂz a’
pressing step includes pressing at a ternoerature | ess Ir] of

al um num and at a pressure of at |east about 5 ksi. fo 21: The

product of the method of claim1l, wherein the sputter target has a

conposi tion, &trucThe encdmti dE clairh y1,t Wireins theu pewdert ofaslibstantinfiyo paoreaconss a
body of the sputter target and contains greater than about 2% by wei ght of
al um num aluminum metal is between about 6 xm and about 300 um.

7. The method of claim 1, wherein the powder of substantially pure non-

aluminum metal is between about 6 um and about 45 um.

8. The method of claim 1, further comprising obtaining the powder of

substantially pure aluminum metal by fabricating an aluminum metal body.

0. The method of claim 8, wherein fabricating is by a method selected from the
group consisting of a hydride-dehydride process and an inert-gas atomization

process.

10.  The method of claim 1, wherein the powder of substantially pure aluminum

metal has a spheroidal morphology.

11.  The method of claim 1, wherein the powder of substantially pure aluminum

metal is less than about 300 zm.

12.  The method of claim 1, wherein the powder of substantially pure aluminum

metal is less than about 45 um.

13.  The method of claim 1, wherein the powders are blended with cylinders of

pure aluminum for at least 2 hours.




22.  The product of the method of claim1, wherein the sputter target has
a conposition, structure and density that is substantially uniform across

a body of the sputter target and contains greate ,mm y wei ght
of al um num 23. The product of the nethod o !W mm n the
non-al umi num metal of the sputter targett8has an aver &get partisc e si ze of

about 30 [err]m 24. A net hod of maki ng a high performance hi gh

density sputter target, conprising bl endi ng a powder of

subst anti al | y19ur eThe methmlnwfmmn‘g wherein dheyblendipg stapcineludes blending withzen
about 45 [err]mwi th a powder of substantially pure tantalum having an
aver age part i 3yhstarice selgcteddmem theagrosp eonsisting efra selventr a hindep and mixturesur s
to forma uniformmxture of the powders of the nmetals, then cold
i sostatic pretheredl t he bl ended powders at a pressure of about 30 ksi to
forma bl ank, -then

15.  The method of claim 14, wherein the solvent is selected from the group

consisting of alcohols or acetone.

16.  The method of claim 14, wherein the binder is selected from the group

consisting of stearic acid or stearates.

17. The method of claim 1, wherein the cold pressing step includes cold

isostatic pressing at a pressure of about 30 ksi.

18. The method of claim 1, wherein the cold pressing step includes cold
pressing in a direction selected from the group consisting of uniaxial, biaxial or

hydrostatic.

19.  The method of claim 1, wherein the isostatic pressing step includes pressing

under a vacuum of at least about 10 torr.

20. The method of claim 1, wherein the isostatic pressing step includes pressing
at a temperature less than 0.9 T,, of aluminum and at a pressure of at least about 5

ksi.
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machi ning the blank into a right cylinder, and then hot isostatic
pressing the machi ned cylinder at a-.tenperature of about  550[errjC and a

pressure of about 5 ksi to obtain a high density
consi sting of a honbgeneous m Xture containing e mﬂiﬁm mlamm oscopi ¢
segregation of alum num containing at mggt only t4 aces.Lo gregat I on
of alum num and containing essentially no internetal I | C corrpounds of the
net al s. A hi gh
performance, 2i.gh 'ﬂwqarddﬂc’spﬂtheemetrwdgaft claionpy wherein mmsputf:erdameti has a
evacuat ed machi ned cylinder of a cold pressed blend of a non-al um num
reactive netcdmpmsitibar steuctlireand idensity thatiie ealestantially @tiform atrosstahimtiyadf tmeaki ng
a high performance, high density sputter target, conprising:

sputter target and contains greater than about 2% by weight of aluminum.

22. The product of the method of claim 1, wherein the sputter target has a
composition, structure and density that is substantially uniform across a body of the

sputter target and contains greater than about 5% by weight of aluminum.

23.  The product of the method of claim 1, wherein the non-aluminum metal of

the sputter target has an average particle size of about 30 ym.

24. A method of making a high performance, high density sputter target,
comprising:

blending a powder of substantially pure aluminum having an average
particle size less than about 45 sm with a powder of substantially pure tantalum
having an average particle size of less than about 45 m for at least two hours to
form a uniform mixture of the powders of the metals, then

cold isostatic pressing the blended powders at a pressure of about 30 ksi to
form a blank, then

machining the blank into a right cylinder, and then

hot isostatic pressing the machined cylinder at a temperature of about
550°C and a pressure of about 5 ksi to obtain a high density target material
consisting of a homogeneous mixture containing essentially no macroscopic
segregation of aluminum, containing at most only traces of microsegregation of

aluminum, and containing essentially no intermetallic compounds of the metals.



bl endi ng a powder of substantially pure non-alum
reacting with al um:num and a powder :0of substantially pure alumnumnetal to

form a uniformmxture of the powders of the rreta cold
pressing the blended powders by a method sel ected ﬂl'“mmm ulll)"ml
consi sting of cold pressing and cold isospatic pressing " 5 dssenbling
a nosaic of the cold pressed powders, and |sostat|cally pressi ng
the nosaic by a nmethod selected fromthe group consisting of
hot isostati c2fur esAihigh performance, high densitycsputfeh targétrcomyprising ahdt pressed
inert gas hot pressing at a tenperature below 0.9 T[err] of alum numto
obtain a hi gheviznatetymachirgel cylinderrof @ cold pressed blegdaff aandrsaluginueo ceactivext ur e
containing essentially no macroscopic segregation of alum num containing
at nost only metat powdédr and@ncdeginegaiowaer.of al um num and cont ai ni ng
essentially no internmetallic conmpounds of the netals.
26. A method of making a high performance, high density sputter target,
comprising:
blending a powder of substantially pure non-aluminum metal capable of
reacting with aluminum and a powder of substantially pure aluminum metal to form
a uniform mixture of the powders of the metals, then
cold pressing the blended powders by a method selected from the group
consisting of cold pressing and cold isostatic pressing,
assembling a mosaic of the cold pressed powders, and
isostatically pressing the mosaic by a method selected from the group
consisting of
hot isostatic pressing,
vacuum hot pressing, and
inert gas hot pressing
at a temperature below 0.9 T,, of aluminum to obtain a high density target material
consisting of a homogeneous mixture containing essentially no macroscopic

segregation of aluminum, containing at most only traces of microsegregation of

aluminum, and containing essentially no intermetallic compounds of the metals.

27.  The product of the method of claim 26, wherein the sputter target has a
composition, structure and density that is substantially uniform across a body of the

sputter target.
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27. The product of the nmethod of claim 26, wherein the sputter target has
a conposition, strwucture and density that is substanti 0SS
a body of the sputter target.

21 28. The product of the nethod of claim 26, vvher'ﬂ'ﬂ” 'mwmuMLnum
nmetal has an average particle size of alkeut 30 [err] od of
meki ng a high perfornmance, high density sputter target, corrprl Si ng

bl endi ng a powder of substantially pure non-alum num netal capable of
reacting w t h2&l unTheiproduct ohthieanetbod of claior 26, athersim the nosealimingnf etal bas
uniform mxture of the powders of the netals, cold pressing the

bl ended powdearsaverage partictesize iof abpouiti30 dod.ended col d pressed powders into a
~cylinder, and

29. A method of making a high performance, high density sputter target,
comprising:

blending a powder of substantially pure non-aluminum metal capable of
réacting with aluminum and a powder of pure aluminum metal to form a uniform
mixture of the powders of the metals, |

cold pressing the blended powders,

machining the blended cold pressed powders into a cylinder, and

hot pressing the cylinder under a vacuum at a temperature above about
400°C to obtain a high density target material consisting of a homogeneous mixture
containing essentially no macroscopic segregation of aluminum, containing at most
only traces of microsegregation of aluminum, and containing essentially no

intermetallic compounds of the metals.




hot préssing the cylinder under a vacuum at a tenperature above about
400[err]C to obtain*a high density target material consisting of a
honbgeneous m xture containing essentially no nacroscopi c segregation of
al um num containing at nost only traces of mcrosegregation of alum num
and containing essentially no internet azlzl I ¢ conpounds of the netals.

ABSTRACT

METHOD OF MAKING UNREACTED METAL/ALUMINUM SPUTTER
TARGET

A high performance, high density sputtering target and
a method of making. An aluminum and non-aluminum reactive
metal powder blend i_s subjected to cold pressing under pressure,
machining, evacuating, and hot pressing under pressure. The
aluminum and non-aluminum metal react direcl:t'ly to yield a high
performance, high density sputter taréet containing' greater than

about 2% aluminum with substantially uniform composition across

the body.




