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ARTICLES

(57) Abstract: A sputtering target that includes at least two consolidated blocks, each block' including an alloy including a first
metai (e.g., a refractory metal such as molybdenum in an amount greater than about 30 percent by weight) and at least one additional
alloying ingredient; and a joint between the at least two consolidated blocks:, the joint being prepared free of any microstructure de -
rived from a diffusion bond of an added loose powder. A process for making the target includes hot isostatically pressing (e.g., be-
low a temperature of 1080°C), consolidated preform blocks that, prior to pressing, have interposed between- the consolidated
powder metal blocks at least one continuous solid interface portion. The at least one continuous solid interface portion may include a
cold spray body, which may be a mass of cold spray deposited powders on a surface a block, a sintered preform,, a compacted
powder body {e.g,, a tile), or any combination thereof.
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MULTLRLOCK SPUTTERING TARGET WiTH
INTERFACE FORTIONS AND ASSUCIATED METHODS ARD ARTICLES

Qi oF Benesit oF Fng ate

10813 The present application claims the benefit of the Bling date of Linited States
Application Serial No. §71/844,869 filed May 3, 2012, and United States Application No.
13,763, 048 filea March 11, 2013 the contents of which are sxpressly incorporated by

referenng.

FISLD OF THE INVERTION
{003} The present invention relates generally to sputtering, and muore particularty

to impraved mult-component sputiering targets and thelr manifacture and use 1o produce
shyirs filrrs that include a pharsdity of blocks joned tegether during & corsolidation eparation
{such g8 & hot jsostatinally pressing operation), which aveids diffusion bonding of loose

powder, 1o defing wt lsast ove interface portion.
BACKORGUND OF THE INVENTION

RV Sputtering processes are employed o depasit thin fims onto subsirates to
manufacture any of a variety of devices. Sputtering processes typically volve hambarding 8
sofid sputtering target with snergized particles to ejent atome from the targed. In recent years,
there has been a growing need for large arsa sputlering largels. Thisis aspecially so for
certain applications in which large slzed products wre made. For examply, flat panel displays
offen require the deposition of uniform thin Hims onle a substrate. The demand for larger
displays, such as for televisions, continues to strain materials producers to davelop
alternative approaches to the sificient supply of such materials.

1004} in one specific application, according to U8, Patent Na. 7,338,334 (Kinvet
af), the deposition of 2 molybdenum-titanium barrier layer onto & subsirate has been
pmploved for the manufacture of & yuid crystal display device. Such application intensifies
the need for large display devices capatde of delivering such materials, particularly largets
that comtain both molyhdenum and tianium.

RINLY) i the manufacture of large area spultering targels § is offern deemied
crifical and imperative that the farget exhibit uniformity In compositinn, mizrestruciure, or s
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conibination of both. For some devige manufacturers that rely upon the targets to
manufacture devices, e slightest imperfections are perpsived as & potential quably control
visk. By way of example, one concen for manufactirers is the potential formation of particles
{e ., atomic clusters or aggregates having an alomic composition differant than the stomia
composition of other regions of the fim} during device manufacture, U.S. Fatent No,
8,755,548 (Fukuyo st al) discusses the potential effects of particles in tha ottext of Hanium
targets.
{0061 Activities iy the sputtering target Neld are Hlustrated by referance fo a
nurnber of patent filings. By way of Hlustration, U8, Patent Application No, 2U070085484
describes the formation of & large area spuliesing target by the use of a powder helween
cold-isostatically pressed blocks of & mixture of molybdanum and Wanium powders, The
s of suph powder geserally resulls iy the formation of @ conspicuous bond line hebregn
adioining blocks, Even if such bond ling does not actually adversely affact performancs, is
conspicunus nature is a potential cancern for device manufacturars. For instancg, some
manufacturers have the perceplion that the bond line gy contribue to Hie formation of
undesired particles during spulledng; § generated, there s a belief that such particles
potentialiy might affect performance of resulting davices, U5 Patent Mo, $,584 219
{Hoxtatier ot o) addresses side-by-side corsolidation of praforms to form Coarvipen of
compound shaped anticles {e.g., connecting rods and hand wranches). Consol fidation (e,
by hot isostatic pressing) of maolybdenum andior fitanium powder containing preforms s na
described. Morsovar, particular proossaing steps o achieve suctassful resulis in the
consalidation of molybdenum andfor Hitanium powder containing preforms is alse net
gescribsth
e WS, Palent Apphication No. 20050191802 (lwasaki et al} discloses &
molybdenum sputtemg target (in which an example is provided ofa 70.0 at% Me-30.0 at'%
Ti material). The application discloses 8 requiregnent for use of refatively high lampearatures
and pressures, stating 8t paragraph 40 that it & pressure below 100 MPa and @ lemperature
pratow 000 is used, it is havd to produce the sintered body having a relative dansity of
riot less than 98%”, The application describes a process by which a relatively large size body
is consolidated from secondary powders and then the sinterad body is ol inte separate
targels, One example flustrates a further hot plastic working step.
R} W8, Patert Application Publication 20050188401 (Bulzer) distloses o
mathod of making @ large Mo bitlet or bar for a sputtering targel whered two or mare bodies
comyrising Mo are plased adlecent one anather {e.g. stacked one un the other) with Mo
powder melat present af gaps or joints between the adjanent bodiss. The ad facent hodiss
are hot lsostatically pressed to form a diffusion bond sl each of the mataitoio powder
tayer-to-metal joint betwesn adjscent bodies to form a billel o bar that san be machinad o

pd
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sthenviss formed 1o provide a large sputtesing target. This patent publivation appears to
discloze bonding of major side surfaces, not adge-to-edge bonding of piates.

FUSH 4.9 Patent Application No 20080218802 (Zimmerman of al) desovibes
another method for making large srea spultering targets with & molybdenum-titaniem
compoaition, which includes a cold spray deposition step for inining a plurality of targets at
an imerface. Though acknowledging serain sleciron beam welding and hot isostatic
pressing processes fo join targsts, in paragraphs 165-166 {refering to Figs, 17 and 183, ths
patent application indicates tial electron beam welding results in porasity, and tha hot
isostatic pregsing resulls in s britlie alloy phase.

(00101 1.8, Patent Application No. 20070251820 (Nitta et al) desaribes an
sxample of another approach to the manufaciure of @ molybdenum-itanium sputiering
target. in this publication, diffusion joining {at aim‘pewture of gt least 1000°C) of two wr
more previously sintered nrmalted sputter targets along at least one side s addres sed. The
ger of 3 Mo-Ti powder in the joint iz desribed.

et} WS, Patent Application No. 20070289884 (Zhifef af a1} identifies a neet it
g area sputtering tarasts to Tl gaps between muliiss target sections carded ang
common backing plate. The patent flustrates the matetial deposifion processes between
adiolning target pottions. Interestingly, the patent recognizes that the manufactve of targe
rolybaienuny plate targsts poses difficultiss, and the need for efficiant menufacturing.

o413} ‘old spray technology Is an approach that bas Deen employed o deposit @
powdiar material ofta a substrate io the absence of heating the powsler materfals, The use

ar
of cold spray processas in the field of sputtering targats je Hustrated in United States Patent
Applicaticn Nos. 20080218803, 20100088800; 20110303835, arul United Slates Patent No.
7.910.0581, ol incomorated by reference herein for all purpeses.
R Ry The formation of multh-component largs soale spultering targets that
include mokbdenum and at least one additionsl alfoying element js taught in comaonly
owned United States Provisional Application Serial No, 81/484 480 fited on May 18, 2011,
and V30487 333 fed on May 8, 2012, and also PCT Publication No, WO 2 2Z/154877, each
incorparated by reference herein for sl purposes.
10044} i view of the above, there remains & nesd in the arnl for altsrnative
sputtering targets (eapecially farge slee targets, such as fargels exeeading about 0.8 msters,
ahout 1 meter, or aven about 2 meters for its largest dimension}, and approaches to thalr
sanufacture that meet one of any sombination of the needs for general uniformity of
composition, general uniformity of migrostructure, insubstantial iketthood of particls
foamnation, or relatively high strength {e.g., relatively high transvarse rupture strength}.
Moreovir, there remains a nesd I the &t iy altermative sputiering targets that avold the

nead for powder during soy Sinal hot lsostatic pressing procass. For instancs, itmay be

D3
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desirable that any addad material that wit become part of & juint batween adinining Bocks 8
& generafly solid and cohesive mass of materisd prior to & final consolidation (2.g., by & hat
isostatic pressing operation), The ability to minknize any visible joint lines or ather visiple
yariations in continuily of structure, though not odtical for present pirposes, may also bea

degirable atiribute,

BUMMARY OF THE IRVENTION
{0015} i oneeasperl, the present isachings mest ong or more of the above needs
by providing & sputtening targetl, which may in particular ba a relatively Jarge spultating target
{e.g., excending about 0.5 meters, about 1 mater, or sven aboul 2 melers far its largest
dirmension; o stated in ancther way, axceeding abowl U.3 square melars ey, 5 mY 1 eb
of even 2 nf for the target sputtering surface available for spultering), Comprtising at lsast
hwo consolidated blocks, 8ach block ncluding an alloy including a first metal leg. 8
refractery metal such as molybdenum, which may be prasent in an amount greater than
about 30 percent by weight] and =t feast one addifonal alloving slement; al least uae
continuous solid interface portion; and & joint bebween the at least two nonsolidated blocks,
which joing the blocks tgsther to define » targst bady. The joint may include at least one
pontinuous sodid iterface portion (which desirably may be s generally coherent inetallic
rmass, such as one that is formed in sit from a particulatad startihg matenial (8.9, such a8
by cold spray deposition of & melslic powder mixture}, vne that is formed in & separale
densification operation (8.9, compacting, sintsring or bolh), or beth), Desirably, the
sputtering target along the joint will also exbibit & ransverse ruplure strength per ASTM
RE23-10, of of least about 400 MPa
e by in another aspect, the teachings heveln mast ong of merg of the above
seads by providing & method for making & sputtering larget, somprising the steps of
providing first aind second at least partally consolidated povwder metal blocks each optionally
having & prepared surface, and sach including an sffoy Including & fiest metal (8¢, &
refractory metal such as molvbdanum, which may be present in an amount greater than
about 30 parcent by weight), and at feast one additional alloying elsment! infevposing
hetween the consolidated powder metal blocks at Isast one continuous solid intertace
portion {2.g., before a final consplidating step);, contacting the prapaved sutface of the first
bloek indirectly with the prepared surface of the second block via the sticast ope continuous
solid interface portion in the substantial absence of any bonding agent between the
contacied surfaces to form & contacted joint structune; isostatically prassing the contacted
siructure &t & temperature (g, one that is less than about 1080°C), ot & prassure and for &

sime sufficient 1o realize g consolidated joirt bebwaen the first and sexand blocks.
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017 The continuous solid interface portion may be formed in the absence of
spphying powder between blocks prioy to a joining step; farnely the steps of manufaciurs
wonld avoid any loose poveder betwoen blocks to accomplish diffusion bonding during @ hot
wostatic pressing step that results it the formation of @ target body, such as a lafge scale
target body, which inpludes the blocks. The continuous solid interface partion may be
formad by amploving a step sedacted from (@) cold spraying a metsl powder onto st lsast one
f the Blooks for forming the at least one continuous solid intarface portion {e.4., along & side
edge of ong or more Bocks); (b} compacting a body of metal powdsy {fe.q., & melal powder
addmibdure) o form the at jsast one continuous sofid inferface portion (which is thersatter
interposest betwesn blocks); (o) sintering a body of & metal powder mixture to form the &
least one cominuous solid interface portion {which is theraafter interposed between bilocks);
{ehy cold spraving & metal powder into a die for forming the al least one cortinuous solid
wterface portion; (8 cold spraying a metal powder onto 8 substrate to form the & least wie
confinuous solid interface portion that may optionally include, but preferably omits, the
substrate; or () wny combination of {a) through {8). The continuious solid ntsfacs pordion
thus may be the result of employing & cohesi mass tiat is formed iy sity with metal
nowder blocks (8., by & cold spraying operation) or is formed as a preform (e.g, 8 tile that
{8 compacted, sintered, andior nold sprayed, and is thersalter interposed batween Mocks),
Though the cohesive mass is contemplated 1o have some pornsily, tesirably the average
size ofany pores is sufﬂcient?i‘y sinall and the pores are substantially anfformiy distritnted so
fhat voids would not resull in iregular shrinkage in a consolidated joint following a fnal
sonsolidating step lo make a large ares targst,

ALER R in gereral, wher s mikdure of molybdenum and tlaniam is employed 1o
raake the continuous soli interface portinn, sonditions may be emploved so that ios to any
final consedidating step, the gmopunt of uncombined fitanium remaing generally high. Far
exampie, the amount of starting titanium powder i the mixture that remaing unalloyed prc
tor @ Sinal consolidating step to form a rasulting target s ot loast BO%, 80%, 7%, 80%, 80%
oy ore by weight of the total Htanium in the mixture. Thus, the step of fanming any
continupus solid interface portion precursor {8.g., » cold sprayed mass, @ tils, a sintersd
body or any combination therest) may be done at 9 temperature below the melting paint of
titaniun. i stops are padormed above the melting point of titantum in the mixture, then thay
are parformied for @ time sufficient for avetding alloy formaton with ether metais in the
rictiarg by which fess than about §0%, 40%, 3%, 20%, or even 1% by weightof the
starting titanium in the powder mikiure becomes alfoyad with another metal in the powder
mixture.

U Y The target bodias in aconrdance with the teachings heveln may have s
Vickars Hardness (HVYN) per ASTM E384-08 of at least about 280, aboul 275 or even about

&
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300, for sxample, € may have an HYN of about 260 1o about 328 Tha target, the target
body, the alloy, one or mare consolidated blocks, or any combination thereof ray include
rolybdanum in an amount greater than about 30 weight percent. The target, the target
nody, the alfoy, ene or more consolidated blocks, o any cembingtion they fect thay inciude
molybdenuny in an amount greater than about 30 atomin pereent. The target, the target
body, the alfoy, the consclidaled blocks, oF gny combination thereot praferably may inchuds
molybdenum iy an amount greater than about 30 volume percent. The target b el may
have z density of af least about 1,92, 0.95 oreven {168 times the theorstical density of the
overall material per ASTM B311-08. For ong ilustrative targst that consisls essantially of
molybdenum and Hanium, the target body may have a density In the range of about 7,12 1o
ahout 7.30, and more spacificatly about V.30 1o abowl 7.35 5 giom”, The sputtering targst body
may aiso be sufficiently strong so that it withstanuds, without fractre, rautine strasses
encountered during subssguent assembly operations (8.9, a three point straighlening
assembly aperation, @ creep Haltening opevglion, or some other operation during which the
target body and any joint may be subjected fo a load of graater than about 8.8 MPa).
N bt et another aspect of the teachings hereln, s contemplated that
spultering is parformed using a spuitering target in goonrdane with the present leachings, ft
also ix pontermplatad that thin films resull that are used in any of a number of electronic
devices (8.0., as a barrier layer, an slectrode layer ar bpih), such as ane oy moe ofa
television, a vides display, a sinartphone, & tablet corputer, @ persanal digital assistay, 3
navigation device, B sensor & portable entertainment device {eg., video playars, musio
players, elo.), or even a photovoliaie device, The thin fims may have a reduced amount of
structural artifacts sitributable to particlas as covnpared with sputtering using rgets mads

with powder joints.

DIESCRIPTION OF THE DRAWINGS

§0081% Fig. 1 an ilustration of & cold spray joind praparation.

o0y Fig. 2 is an Hustration a cold spray formation of s lile.

{ao231 Fig. 3 is an sxploded perspective view of a block-tile-block structure.
024} Fig. 4 is an Husirative scanning electron microscope hackscatiey

photomicrograph 8t S00x for Hustrating phase aniounts that may be expectad o a hot
isostatically prassed target made from 8 midure of 50 ai% molybdenum and 5¢ at¥ titaniem

powders,
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DETAILED DESCHIPTION

ey Twrning now in mors detall to particular teachings of the presant invention,
ity general, the present feachings envision a relatively large spuftering target, and particularly
a sputiening frget consolidated from metal powder, wherein the targetis made by joining
multiple blocks in the ahsence of @ powder interface. The target generally will include 8
tarnet body {(namely, the consolidated portion of the target, and specifically the portion of the
averall target assembly that s subjected to bombardment for purposes of material removal
ared aputter deposition) that may be joined to 8 backing plate in any sultable art distloged
manner. The spultering target bxdy may be any suitable geometry. it may be generally
circutar {so that ibwould have a dameter as #is largest dimension). Rmay be recianguiarn,
andd thus have one of s side edges as having ity largest dimension {s.q., the length of the
side edgel. 1Emay be tubular, Though the teachings herein also apply to smsdler sputlering
targets, they have ;aamcuiar utility for farger scale targets. By way of sxample, larger scale
target bodies may be siced such that they excead abowt 0.5 meters, sboul 1 mater, of even
ahout 2 maters for s largest dimensaion. Examples of such larget bodias may be generally
rectangular targals having a length that sxceeds abowt 0.8 meders, about 1 migter, or aven
abowd 2 meters, Such target bovties may have a witth that exceeds about 0.5 metars, zbol
1 miter, or even about 2 meters. The resulting farget bodies may exoaed about 0.3 squars
maters (M%), 0.5 i 1t or even 2oy for the targel sputtering suiface availahle for
sputtering.
LR Y The targed body is fyploally rmade o include ot least twa consolidated
oreformed blocks, and a consolidated joint portion, which preferably may be a continuous
solid inderface portion, therebetwesn: The consolidated blocks wilt typically be sized (g9,
tength, width, area, or ahy combination thereol) to be smatler than the overall resulling target
body, For example, they may be abowt one half (or smaller) the size {e.g., length, widih, or
aren) of the desired resulting targst body {8.4., they may be about t/n the size of the desired
resulting target body, whersin nrefers o fhe tolal number of consolidated blocks employed
o make the target bady, exclusive of any intenmediate ties as described herein). Each of
ihe consclidated blocks may each be approximately the same sizg as sach other block. One
o e consolidated block ray be smaller than another other ocks, The blocks may be of
generally the sarme shape as ench other, or they may diffsr as fo shapa. The blocks may
have 8 geherslly rectanguiar prism shape. The tlocks may be genatally oyfadrical. The
mincks may nclude one or more channads, through holes or other opepings Fur example,
the blocks may be generally oylindrical and have a through presage for defining & tubular
shapad block. Ong or more side walls of the block may be generally nrthogonally origrded

~iy
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relative to & surface that will function as & sputtering surface, One or more side walls of the
wack thay be generadly criznted ol o slope angle of at lerst & §° 107, 8047 or mars relative to
a plane that would be perpendiculay to @ spultering surface, In this manney # fo possible that
2 joint may employ a scarf joint between adjoming blocks., Other joint structuras other than @
pudt joint or 8 sosr joint may be employed, such as @ lap joint, dovetall joint, or any
comisination of the above jaints,
{00RTY Mors particulariy, @ plunality of blocks wre prepared by consolidating
powdered matal. The sonsolidation miay oocur from sinfering, cold fsastatic prassing, hot
mostatic praseing, otherwise compacting {g.9., rolling, die compacting or both} arany
combination therecf, For example, one approach is 1o first corapact to about B0 1o about
35% of theoratical densily, such as by oold isostatically pressing @ mass of powders of the
desired composiion (such as is faught in US. Patent Application Ne. 30070080084 @t
paragraph 50 through 53, incorporated herein by raference (Gaydos etall). The resulting
pompacied forms may be machined fo form block precursor structures. The tlacks {or block
resersor structures) may be further densified sunh as by hot isostatically prassing tr faeen
blocks that will he joined with others to form 2 target body, ftis mntem;::iated that the
powdersd metsl, befors consalidation, will inclute one or mure powders of a substantially
sure metal {e.g., having a putity {defined to mean free of metallic elements) of at east show
O0.5%, 99.08% or aven 99 985% puriy}
{o028] The powders, before consolication, will typically have an average parlicle
size of loss than abowt 50 wm, or aven less than about 35 pm, as msasurad aosarding o
ASTH BE22-10. For sxamplie molybdenum powders, befere conackidation will typically have
an average particle size of less thon about 25 pm, of even less than about § pm, as
measured according to ASTM B822-10. Whaen tianium is smploved, the taniam powders
may have an average particle size of less than about 50 um, or even lass than about 38 dn.
The Hianium powders may have anaverage pavticle size of higher thar abott § pm, or even
Highar han about 28 um.
[o028t Prior 1o consolidation, powdears may be blended in aocardance with art
discicsed powder blanding techiigues. For example, mixing may ooeur by placing the
molybdenunt and titanium powders in a dry container and rofating the container about its
central axis. Mixing is continged for & period of dme sulficient to resull in a completsly
ntended and uniformly distributed powder. A ball milf or sidlar apparatus {g.g., rotaling
cylindrical, rofating cone, double cone, twin shell, double planstary, andfor sigrma-biade
biender) may alee be used o accomplish the blending step. As discussed hersin, and
urless otherwise stated, referances to matal powdears include powders of ene medal ara

sombination of (wo o more miglals,

&
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U LR The a:ﬁmsositim‘; ity each block of the resulting target body will generally
include molybdenurm and ot lsast one addtional slloying sfement. For example, the
compaaition may indlude an asicy including rootybdenum iy an ameunt se that in the resulting
target body there is a substantially pure phase of molybdenem present in an amount greater
than ahowt 30 vol%, greater than about 38 vol%, or even greater than about $0 val% of tha
rosulting target body, and af least ong additional alloying mgredient. The composition may
include an alioy including molybdenur in anamourt so that i the resulting farget body
thers is » substantially pure phase of molybdenum present inan amount less than about 48
percent by welght, or even less than aliout 48 percant by weight (e.g., about 43 parcent by
weight) of the overall block, and at lsast one additional glioying ingredient. The amount ot
the molvbdenum i tie targed, the alioy, or bolh, may range fram about &t about 96 at¥,
more preferably about 20 to about S0 at%, still more praferably about 30 fo aboul 70 at%. it
may be abcut 40 {0 about 80 at% {e.g,. sbout 80 &%), The remaining slioying slements
gy make up the balance. For example, the amount of tlarjurn in & xystem smploying anky

rnolybdenum and the additionsl alioying element powder roay be about 100 st% minus e

amount Gn at®%) of molybdenum. Thus, 88 can be seen from the above, the tes ngs
somemplate 3 composition of the target, the alioy, or both, of about 30 to about TH at% Me

and fhe balance being the at least one adiitional alicying element such ay titanium (g9,
about 50 g%t Mo and about 50 at% of ancther slement {such as fanium)).

031} it general, whan g miture of molybdenum and Banium s smployed ©
make the confinuous soiid interface portion, conditinns may e employad so that prior to any
finat consolidating step, the amcunt of uncombined Htanium for use as a continuous soiid
interface to define the consolidated joint portion remains generally high, Forexample, the
amount of starting Hantum powder i the mixiure thet remains enalioyed price to a final
consolidating step fo form a resulting torget is at lsast 50%, 80%, 70%, 80%, BU% or more
by weight of the total fianjum b the misture. Thus, the step of forming any continunus solid
interface portion pracursor (8.¢.. 8 cold sprayed masy, @ tile, a sintered body or any
combination terel may be done at a temperature below the melting point of Wanian, |
steps are parformed above the meliing point of fitenium in the mikture, then they are
parformed for a trme sulficient for avoiding slloy fortiation with ather metals in the mixture by
which less than about §0%, 40%, 30%, 20%, or sven 1% by weighi of the slaring fanium
in the powder mixture becornes alloyed with another metal i the powdar mixture.

[0033] The at lsast ons addiional alloying slement mgy be a melallic element,
such as one selected frony Slanium, chrdmitm, siobium, zirconiurm, tantalum, lungstan or
any combination thareof. i i possible that the af least oo additional atioying slement may
include hafnium andfor vanadivm, # s siso possible that the at Teast one additional alfoying

slement may includs one or more alkall metal {e.g., Rhium, sodium andior polassivm inan

3



WO 2013/169342 PCT/US2013/030316

amount of less than about 16 at¥ o sven 5 et of the tolal composition). Examiples of
suitatis alloving Ingredients are distloged in FOT Application Mo, WO YO0D/13TTE, and
4.8, Application Serigd Nos, US 12/880 184 12827 880 and1d fR2T 582 {all ncorporated by
referancel. The amountof the at jeast one additional alloying ingradient may be such that#
will result in (1) & substantially pure phase of that affoving slernent; andfor () an alloy phase
that indudas molybdenum and the at least one alloying slement. By way of example, this
amount of the at lsast one addifional alioving slemant may be sufficient o oitain 8
sitbsiantially pure phase of the at feast one additions) alioving slement that is at least abowt
2 4 oreven about 8 voldh of the rasulting target body. The amount of the &l isast one
additiona afoying element may be sufficient to oblain 8 substantially pure phase of the &t
least one additinnal alioying element that is less than about 25 vol%, 18 vai% or even about
10 vol% of the rexulting farget {e.g., the resuling farget body

§80333 The armount of each of the molybdanum and ths at lsast one wdditionad
aloying element may be sufficlent 1o realize in the resulting target body an alioy phase {Le,
one that includes both molybdenusy and the &l lsast one addilional slloying slement) 0 an
amount greater than aboud 30 voith, 40 volt, 44 voi% or even ahout 48 volt. For example,
the alioy may be present &g a majer constituent of the black, by volume. The amount of
sach of the moivbdenurm and the at least ons addfiona! alloying element may be sufficient 1o
reatize in the resulting target body an alloy phase thet invludes both molybdenum and theat
joast one additional afoying elerment iy an amount fess than abow 70 vol%, 60 yodth, 58
wol or aver sbowt 52 voi%. As pan be seen, the alloy phass may be present as a major
constitusnt of the block, by volums,

{00343 The resulting target body may be further characterized by ol least one,
prefersbly a combination of at least two featurss, morg preferably a y combination of at lpast
three features, stifl more praferably a combination of ot least four features, and sven stil
more preferably & combination of all features selested fron the following Teaturas (i} through
{v): () at least one juint between atl least two consolidated blocks {e.g., side-by-side or angd-
fo-enhd adipining blocke) that is free of Microstructurs derved from diffusion bonding an
added foose powder bonding agent; (i) at isast one joint betwen al laast tvo consolidated
blocks {8.g.. side-ty-side (such as facedo-face) or end-o-and adjoining blocks) (1) 2
sputtering target body that is at feast about 8.5 meters, about 1 meter, or even about 3
meters, along it largest dimansion, and which exhibils a transversa rupture strangth pet
ABTH B528-10 that is generally uniform {e.g., the fuctuation frors fow to tagh is less than
about S0% the highest value, or even less than about 35% of the hghest value) thraughout
the body, Including across the joint, andfor which sy be at least about 400 MFa, 500 MPa,
SO0 MPa, 700 MPa, S00MPa or aven SH0MPa {iv) the target body exhitils @ Vickers
Hardnass {HVN) of at least about 280, about 278 or even sbout 300 gy, { may have an

10



WO 2013/169342 PCT/US2013/030316

HYN of about 280 to about 328); or (v) the target body may have a densily of at least about
{1.G2. ahout 0.85 or svery about 0.28 times the theoretical density of the overal material (2.9,
for & target body thit consists sssentially of molybdenum and ttanium, the fargat hody may
have a density i the range of about 7,12 to about 7.30, and more specifically about 72010
about 7.25 giony’). The spuliering larget body may alst be sufficiently strong so that it
withstands, without fractuse, routing stresses encountersd during subsegusnt assemily
aparations {e.g., a three point straightening assembly operation, a creep flaltening operation,
or some other operation) during which the larget body and any jolnt may be subjetied o g
load of greater ihan about 0.6 MPa. Mathods herein thus may include one o mare steps of
oerorming an assambly operation {e.g. an assembly npsration selactsd from a three point
straighiening operation, 8 creep flattening operation, or buth). As dincussed praviously,
another sepact of the presant leackings, which is believed to result in spultar target bodies
that exhibit one or more of the features discussed previpusly in this paragraph perlaing to
methods for making 8 sputering targel. Broadiy stated, the methods include steps of
consolidating at east two bocks into preforms, and joining the biscks together. The joiring
of the blocks is desirably done under heat and pressure, and in a manner that ptharwise
avoids the need for reliance wpon an infsrmediate powder honding agen hatween oppasing
strfaces of the blocks a5 & primary mode of asswing @ bond between the blotks.
{381 Desamb:y‘ the bonding of adidining blocks relles malnly upon the rmation
of at loast some mstaliic bonds (with some mechanizal bonding being possible as watll)
betwesn metal from ppposing cold-spraved swizces of the blocks, oppoaing surfaces of 8
block and & preform tle (8.9, 8 previously sintered andior & die-compacted file, whinl el
iy e formed by sold-spraying, may include 8 cold sprayed surfaee, or both), of eny
comtinalion of the shove.
fOG38) Acrurdingly, ong approach nvolves g step of making a phaality of
ronsolidated blocks as praforms. The preforms may have substantially the same
composition as agch other. The preforms may be made in g substantially identical manner
as each other, The praforms niay be consolidated in any sullable manner, The blocks of the
preforms may be any sullable geomelry, For exanyds, they may be genaally rectangular
risrns. They may be generally eylindrical. They may be holfow {e.g.. bulan). Tther shapes
are alse possible.
LIRS Typically the mandacture of the blocks will employ & powder starting
materia. The powdsr may be densified by the application for a desirad peniod of ime of
heat, pressure or both, For example, they may be compacted, sinterad, cold isogtatically
pressed, hot isostatically pressed or sy combinstion thereof. An initial compaction step
may coour. For example, an intial step may be enployed 0 compact @ mass of powder i
about 50 1o aboul 85% of theorstical density (e.g., sbout 60 to abaul 70% of hewmelival
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density). This may be dove by & suitable cold isostatic pragsing operation. One or more
secondary operations friay alst be parformed, such a8 a cold working step, & hat winking
step or stherwise,

R A prefarred approach 1o consolidation includes 8 step of hol isostatizally
presaing (HIF) 2 mass (8.g., &0 untohpacted powder mass or 8 compacied powder mass)
at & pressurs of at least about 100MPa, For sxample, with molybdenum-containing materials
{aswell as othery), the HIP process desimably may be parformad al @ femparatire below
shout T0BDC {e.g., at about 1050%C), 1000°C, §50°%, S00%C, or svan below atieut 850%C
(2.g:, st abowt 825°0). The HIF procass roay rangs in duration fram about 1 1o about 12
hours, and more prefoarably sbout 4 or 8 1 about 10 howrs {e.g., abotd 8 hours). By way of
example, withaut fmitation, tha mass may be prassed B generally rectanguiar bitoks having
o thickness of about 10 mm o about B0 rmim, and move preferably gbout 18 mim o abowt 4%
s (e, about 15 mum, about 35 mim, aboul A8 o or Ve about 48 mm). The mass may
be pressed into & genevally rectangutar block having 2 width of about 25 & abowt 100 ram
{e.0., about 20 mm, about 50 mm or even atoul 80w, and mots prafarably from about 3¢
e to about SO . The mass may be pressed info & generally rectangular Mook having a
fengih of abowd 70 mim 1o about 180 mm, and more preferably stout B8 oo fo about 150

i {e.g., about 80 mo, about 130 mun, oF sven aboul 180 mmj,

§0039] Tyee, thres, of more blocks ars joined o form o targel body. As mantioned,
oreferably this is done inwithout eroploying & loose powder bonding agent as the prisary

means of juining. For example, though same amounts of & bonding agent may be
smploved, aspects of the prasent teachings contemplate that the juining, to make the target
body, may beachisved in the absence of any bonding agent{s.g., absence of any loose
powdar honding agenty. By way of iustration, fwo Wocks may be prepared, éach Fraving
dimenstons of aboul 1.5 meters long by about 0.9 meters wide by about 0.18 meters thick.
They may be joined together along npposing width edges (a.g., with a sontinuous solid
nterface portion thersbetween) o form & target bady. 1o another usiration, tvo blocks may
be prepared, sach having dimensions of about 1.2 meters long by about U.5 meters witde by
about D.46 meters thick.  They are joined together along opposing length edges form s
target body. in Uil another Hlustration, two blocks may be prepared, sach having dimensions
of about 1.2 meters jong by about 0.5 metars wide by about 0.3 meters thick. They are
joined together, with af feast ong continunus solid interface partion therebetween, alang
appcaing length edges 1o forms a target body. In still yet another Hlustration, thres blocks may
be prepared, such having dimensions of sbout 0.8 meters long by about 0.3 maters wide by
about 0.25 maters thick, They are joined together along opposing length edges with at least
ane continucus sciid nferface portion therebetwesn, (o form a target body. Move than thres

bocks can b emploved, such as an array of two or moerg blocks along twd oF more axes.
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§00401 Foflowing he prassing, but prior © the joining of the praform blocks 10 form
a sputier target body, one or mare surfaces of the preform blocks may ba surface preparen

e, surface rughensd andior polished, whether chamically, machanically,

slectrochemically, 2 combination thersof or othenwise] (o mpart a desired surfage finigh,

compared with & surface that is not surface prepared, or for otherwise incregsing comact
ares betwee two or more adioining blocks. For sxample, surfaces that are o oppose wach
athar whan joined desirably are prepared (2.9, roughened). They may he prapared so asip
anhisve an arithmetic average surface roughness Ry (as meagured by ASTM BS48-06) that
may be at least about SO pen (1.3 pra), or sven at Ivast about 100 pin (18 pmie.g., about
120 ein {3 iy io abod 180 pin (38 gegl. They may be prepamsd so asto achiove an
ardhimetio average surface roughness Ry (as messured by ASTHM BO46-06) thal may be less
than about 200 win (5.1 gm), less than at lsast about 180 p-in (4.8 wmy, ov pven legs than
shcsut 180 gy (3.8 pmy), or ven less than about 130 win {3 gmy). For example, the
arthnetic sverags surfacs roughness Ra (as messursd by ASTH BH48-08) may range from
about 50 pin {1.3 @) fo about 180 pen (3.8 gy and more specifically about 83 pn (1.0
pmi to about 125 pin {abowd 3.2 .

{00413 {ne possible spproach to achieving a desirad surfgee fnish iv o ould-

spray depcsit powders anlo al least one sudace of & consolidated block 1o the degived
roughness. This may e done with or withou! 2 slep of surface roughening prior fo ths oold
spray deposition. 1t is contemplated that any step of cold spraying rmay nchids depositing 8
privdure of powders of &t least two different unalloyed metaly onto & side of at least one of
the vonsoliduted blocks 1o define the at least one continuous solid interface portinn fy
causing the powders to mechanizaily atiach 1o the blook, while generally avoiding the
presence of loose powders. Hustrative cold spray teachings can be found in United Stales
Patant Application Nos. 20080216602, 201 000BE800, 20110303538, and Unifed Sinles
Patant No. TSI008T, all incorporated by reference hereln for all purpeses. I general, @
sultabis devics having anoszle (e.4.. a cokd spray gun) sjects a powder mixlure jal al
supersonic speed 1o direct the powder mixture onfe & surface. | will be appreciated that
“cold spray” does not exclide other kinstic spray systems. The ferm cold spray is used
fhroughout the teachings hersin. However, it is understood that it is possible to use akinelie
apray process as wall

fO042% A gas jet flowing at supersonic speed is imparted upon & mass of powder,
which may have § particle size of 0.5 to 150 pr. For examiple, a sufficient gas flow is
appiier to help ensure 8 velooity of the powdsr in the resulling gas/powder mixture of G 0
2,000 mis, preferably 300 1o 1,200 mis. The midwe s directed on to the surface of an
objact. On the surface of the obiject, the Impinging metal powder particles form & iayar, the

]

%
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onrticles beuming severely deformed, but prefarably are not mefted. The powder particles
are sdvantageously present in the fet in an ameunt which snsures a flow rate densiy of the
partictes of from 0.07 1o 200 gfs o, preferably 0.04 to 100 gfs o, vewy preferably 0.01 gis
crdt 1o 20 gfs om®, or moad preferred from Q.08 gis e o 17 ofs om®,

[O043] Aftar any surface preparation {(8.¢. surface roughening, cleaning such a8
by & slep of detergent cleaning, or both), st least one swrisce of a first block is contacted, in
the absence of any inlermadiate bose powder, with at least one surfave of & second block fo
form @ contactsd joint structure. The contacting may be direct, such as by contacting
oppesing cold-spraved surfaces of a plurality of blocks. The contacting roay ha indiract,
such as via an interfacs prefoim as desoribed hereln (8.9, 3 tile having a sids surface thal
has generally the same dimensions as the block suwiface to which it will be gontacting, ang
having & thickness of al least aboul 2 mm, 4 mimor sven 8 mmg. The thickness may be
about 30 mun of less, or sven sbout 10 mm or jess. The preformyitself muay include a cold
sprayed side surface for contacting.

o044} Yhen @ cold spraved powder laver & deposited onlo a surface of & blogk,
an inteddace preform (8.4, 8 t;ie}. or both, the average hickness of the layer may be greater
than abowt 1, 2,5, 10, 50, 100 um or kugey; the cold sprayed powder layer may be
deposited to have an average thickness of the layer of less thar about ¥ om, 1 oam, 500 um,
g 200 um,

{3048} The interface preform (e.g.. tle) may be made by a process capatde of
aphisving a densily Csf the peeforn of &t least aboul 80% theorstical, 70% theorstical or aven
S0% theorelical. By way of example, condifions may be such (&g, sufficient pressure may
be applied to the powder during vampaction) to define the inferface preform as & tile having
a density of about 85% o about 5% of theoretical density thraughout the e, and morg
apecifically about 78% fo about 85% of theoretica! density. The interface preform {e.q, tilg}
may have 2 thickness of about 2 1o sboul 10 mm (e.g., aboul 3o aboul 7 mm, of mora
spucifically sbout 4 fo about 8 mm). Larger or smaller thicknesses are also contemplated.
{0046} Though cold isostatic prossing s one possibility, surprisingly, die-
carnpacting a powdar mixture is belleved 10 yield excedlent resulls gs well | s also possible
that @ powder midure can be cold-sprayed info a cavily of a die or other sutable feol to
define a preform having the general complementary shape of the tool cavity. As to the latter
it i possitle that prior to deposifion, the tool is contactad with a suftabde Jow friction coaling
$o wid in removal of the prefoarm in later steps. The interface prefosm may be configuresd with
one of more profections or other structural featura to aliow gripping Tor remove, That fool
may be configured with ong or more devices for giecting the part front the cavity,

04T One appreach i 1 make an imerface preform such as a tile by die
companting & mikture of hwo ov mors high purlty (2.g., al feast 98.5% pure, In refation i
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metalic impurities) metal powdars, A suitable pressure s applied {2y, al about room
tamparsture, and optionally st an elevated temperaturs), for & sultable time 10 achieve &
nsar et ahape grasn compact that bas a density of at least about 80, 70 ar 8% of
theoreticat density {2.g., fo aboul 50% to sbout 88% of thanratioal density). By vy of
example, & pressurs of at least about 80 kel, 70 kel ur 80 kei {a.g., on the order of about
1950 tons over about 30 souare inches) may be employed. A pressure of fess than abowt
J00kal TA0ks o 100 ksl may be smpluyed, The pressure may be applied fora time of at
least 10 seconds, 15 seconds, 20 secands or 30 seconds. The prassure may be employed
¢ % Hme of logs than § mingtes, less than 3 minutes or even less than one minule,
{ﬁﬁéﬁ} Anpther possible approach o making an interface preform may smpday
sleps that result in @ loosaly sintered praform, such as & e, That i, sinteriog may be
densily
sufficiently so thal a cohesive and sell-supporting mass i formed that cap be readily

employed st & lemperature and firve sulficient for a mass of meatal powder fo

nandied and s free of loose powder. The preform may be made by mixing & mass of metal
powder (wivich migy includs powders of one, two or more metale). A binder may be inchuded
within the resulting mixture, The mass of pcwdey with the bindsr may be spraad o g
genarally uniform thickness and sintered. The glaction of the bindgs and the temiperatusas
and times of sintering may be such that, during %mtas@ng, the Nodey i consumed and mesulte
a certain amow of porosily. For sxampls, 8 polymena binder may be amployeid.
a%ini'amng gy be enydoved af @ temperative and time sulficient for the mass of roetal
powder to reative ot least about §0%, 80%, 70%, or sven B0% of theoratical density.
Sintering may be emplovad al a temperaturs and time sufliclent for the mass of matal
powder o densify to less than about 98%, 90% or even 85% theoretizal density. The
sitaring may be performed uniler evasuated tonditions. The sinfering may be performad
gnder an inest atmosphare or under a reducing atmosphers, The sintering atmosphers may
be free of hypdrogen.
0048 Another approach is 1o make an interface preform such as a tile by cold
spraying a powdsr mixture onto both sides of a thin sheet that includes sty Bdenum and at
lpast ong other slement (8.g., Ti). Tha cold sprayed powder laysy may be deposited to have
an averages thicknsss of the jayer of less than about 1 om, 1 mm, 500 pm, or 200 wm,
{0050} it is also possible to cold spray a8 powder mihurs onfo a sacrificial or
disposatie substrate {e.q., brags shesl, sine sheet, or galvanized steel sheel) to muke an
interface preform such ag a tle. Instead of preparing the substrate as is typically done using
such methods as @ grit blasting step, # is also possible o prapers the substrate with a
detergent cleaning step to avoid ernbedding cerarmic grit particles iy the sulistrate stirface
Detergents hased oo dipropyiene glyco! methyl ether may be employed 1o clesn the
subsirate, ollowed by a wates tinse with distifled defonived water untll the surface passes

e,
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fhe “Standard Test Method for Hydrophobic Surface Films by the Water-Braak Test” per
ASTHM F22-02{0007). Following the detergent cleaning step, the subsbrate can b cinld
spraved in sucoessive layers, preferably of greater than sbout 50 pm and less than abowt
250 pm per pass, to build a oold spray deposit with a preferalile el ihicknesy of graaler
thars abows 1.8 mm and less than shout 2 rom. Each pass may be performed under the
same or varled conditions. Frefaraly, the first pass may be performed & high density
sanditions to achieve greater adhesion (8., increased gas velocity and increased pressurs
from the noszle through which the metal powder mixture i emitted). To achieve Jeas than full
derisity on succesaive passes, the gas velocly can be reduced. Following the cold spray
application, a relatively smooth surface of the deposit is desired; howeyer, some porosity is
aleo desirable throughout the body of the cold spray deposit 1o allow Tor treep or mavemeit
during the hot jsostatic pressing process. Porosity may be achieved by warying he velogity
of the slream of the metal powder mixiure through the nozzlg during the cold spray process
by controdling the temperaturs and gas pressuwre. The cold apray deposit surface may have
2 cortain amount of porosity, which may be generally unifornt throughout. Fear example, the
porosity may range from about § fu about 35% by volume {a.g., aboul 1855 as measured by
ASTH BU82-08. The resulting exposed cold spray deposit surface may also have & surface
topography that includes & generally unform distibution of pesks and valleys, sl e 8
topography by which there is betweer aboud 25 pm and 50 prn frony peak o valley.

{60811 Procaesing to form the ineracs preform {(8.g., tile) may be under suitable
sendifions for avolding shrinkags of the prefosm during subsequent staps. That is, for
ingtance, the continuous solid interface portion thus wmay be the result of emplaying &
cohesive mass that is formed in site with metal powder blocks {e.g., by @ culd spraying
aparation) or i formed a3 a perform {a.g., a tile that is compacted, sinlered, andios gold
sprayad). Though the sobesive mass is sunterpdated o bave some porosity, desirably the
average size of any pores is sufficiently small and the pores are substantially uniformly
distributed so that voids would nof result in irreguiar shrinkage in & consolidated jaint
follewing 2 final consolidating step temake a large area target.

{0682} The blocks may be contacted along their respective side sdges (2.g. at
feast partially along & length o 8 width of sach block), [balso may be possibie o stack two ot
more blocks, The contacied blocks are sncapsulated in a pressing vessel, such as &
suitable hot isostatic pressing container {e.g.. & mild steel can that s hermetically sealed for
pressing). They are then hot isostaticslly pressed to @ desired shape at @ tamperature that
i loss than ahout 1100 or 100070 {&.g., for molybdenum-containing materials and others)
and 2t a pressure and for a time sufficient 10 realize & consolidated joint between the first
ang second blocks. & preferred approach may indlude & sep of hot istatatically pressing s
powder mass at a prassure of at last sbout 75 MPa, or svan al least abowt 100 MPa. &

1



WO 2013/169342 PCT/US2013/030316

preferred approach may olude a step of hot isostatically pressing 8 powder mass at |
pressure of less than about 300 MPa, jess than about 320 M Paor even lees than gbout 1
MPa. The HIP process desirably may be performed and at & ternperature helow aboul
1OBO°C {2.q., about 1050°C), balow about 1000°C, below about §507C, or even baluw about
200 {8.4., af sbout 880°C), As such, the HIP process may be free of & step of heating the
powder, the sal, o both {o » temperaturg of abow 000 ar higher, Tha NP process may
vasigs By duration from sbogt 71t about 16 howrs, and more preferably sbout S to shatd 8
hours {e.01., about 4 howrs), After the prassing is pumpleted. the can may be remved,
Following the hot isosiatic preasing provess, irregularities within the surface of any cold
spray deposits are smootiied out, and there are no detectable pores. Other detalls abolt
massing operstions can be gleaned from U8, Patent No, 7,837,928 {{Gaydos o al)
incorporated by reference) {(see e.q., the Examples)
(053} i vat another aspect of the teachings heredn, § is contemplated that
sputtering is performed using & spuliering target in accordance with thy presant teachings. it
also is contemplated that thin fims result that are used In any of a number of electranic
devices (.g., as a baer layer, and slectrode tayer or both}), such as ane or more of
efovision, s vided display, 8 smartphone, 2 tablet computer, 8 g.sem:sm? digital assistant. 8
havigation device, & sensor, 8 pholovolisis device, or a porfable entertainment device (&.g.,
vidaeo players, music players, elc}).
{0084} The thits fikme may have a reducsd amount of shucturat antifacts
atiribidabie to particles as comparad with sputtering using targets with powder jolnts, and are
substantially uniform in structure (o, greater than about 88%), The thin fims may have @
thickness of foss than about 350 nirn, Jess than about 228 nim, o gven less than about 100
s, The thin ims may have » thickness of greater than about § nn, or even greater than
about 10 nn. Forexample, the films may have g thickness of about 15 loabout 25 wn. The
thit filres may exinbit a resistivity value of about T0 to abowt 80, or even abiout 75 te sbout 85
pirem {using @ four point probel. The thin film may exhibit & 8B adbesion rating for adhesion
fo 2 subsirate may of either Corning 1737 glass o amorphous silicon (e.g., amorphous
sitioot eoated glass per ASTM D3388.02). The thin Sl preferably exhibits gond interfacing
capability with copper conductors, such as copper conductive layers w display davices.
HERY The targels herein may be made in g precess that ix free of any hot
working step, any forging step, or both. Though the teraperatures for hot isostatic pressing
orsferably are below 1100°C. they may be about 1100°C o higher, or sven 1200°C ar
higher.
RTENT The teachings herein conternplate that resulting target body materals
include at lenst one purs metaliic elemental phase, such as pure Mo {and move praferably at
feast lwo purs metalic elemental phases, such as purg Mo and pure Ti, along with &l feast
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one alioy phase (o.g, §THL Mo} phase). Howaver, its poasible that the resuiting thrget bady
will have substantialy no alloy phase, such as a BT, M) phase (e, about 158% {by
o) of fess).
fORE7] The micmsiructure of resulfing target bodies preferably’is substantially
uniform throughoul the body. In s typieal targat hody that includes molybdenam andat leaat
one other slement {e.g.. Th. the micrastructure preferably exhibits 8 matny of pure
molybdenum, with reginns of the other elemen distribuled substantially uniformly thioughowt
the malix, Regions of the other element phass {8.g., pure titanium phase) sre generally
equisxed. Regions of the other slement phase (8.9, pure Hanium shase} may vary in size
subistantially uniformly throughout the body. For example, such reglans may achigve &
targest region dhametsr on the prder of about 200 wn. Regions of the pue glement phase
{0, purs ianium phase) roay bave an sverage region diametar of sbout 58 o-abog
Hiam.
HEEGE Bonding of adjoining bocks may take place aleng 8 side edge of a block,
aornss & fare of 5 block, or both,
(RS With refersnce 1o the drawings, Fig. 1 ilustrates an example of & block 16,
having an uppar surface 12 Jwhich may be g spuliering swrface ina fintshed targeti and a
side wall 14, The side wakl 14 s shown having a fayer of oold spray depositad powder an i
The powdar may ba delivered, via an apparatus (not shown) having a noxxle 18 shrough
vebich & siream 18 of a metal powdesr middure is emitted while 3t 8 temparaturs (8.4, abo
room temperature) below the atmospheric pressure melting temperature of any of the metals
of the metal powder mixtura. Two or mors blocks such as block 10 {each having a layer of
cidd spraved powsler deposiied in i) may thereafier be contacted with sach ather,
sncapsulated, and hot isostatically pressed as desoribed hersin,
HEEuY Fig. 2 Hustrates & fool 20 having s cavily 32 into which & stream 18 of pold
apray powder may be introduced 1o define a part thatl s generally complernentany inshape
with the shape of the cavity. In this manner & preform {&.g,, & tle) may be formed thal wil
sEre ax o continunus sofid interface poition befwsen opposing blocks.
{0081} i, 3 iflustrates an axample of the relative positions of @ fivs! block 24, a
secnnd biook 258 and interface profor (8.9, He) 28 having eppasing joining surfaces 30a
and 30b, in an assembly made In accordance with the teachings herein. As can be
apprecisted in ingtances when one'of both of the blocks have cold spray deposited swiace,
such as surface 14 of Fig. 1, the preform may be omitted. 1t is also possible thal the praform
sy have a cold spray deposited side surface (8.9, joining surfaces 302 andior 30k of Fig. 3
may have a cold spray deposited surface: The blocks 24 and 25 may be assermbled fogether
with the interface preforn belween them, encapsulated, and hot sostatically pressed as
desuritied hersin,

5}
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{006 As to all of the teachings hermin, including those in tha following examples,
the volume percent of the respactive phases are determined by a methad that foliows the
principles frorm ASTM sfandards £802-11 and F1245-02 {2008), Foltowing this method, an
SEM backscatter detsction (RSF) mode image i iaken such that the pheses are
distinguishable by the inlensity of pivels in & back-and-white imags. Usin g BSE mode, the
numbar of scattered slectrons will be dirsctly relatad 1o atomic mumber, so heavier slemaents
will appear brighter. For example, the Jarge difference in atomic number of Mo 142 and T}
{22} makes the identification of sach elemuznt possible from a hackeoatis imags. The alloy
phase witl typically appear gray, with an inteosily betwesn brightest pure elemeanial{n.g.
Mol regions (showing 5s the most wiiite] and {he darbest pure alemental (e, T regions,
ay Hustrated in Figs. 4a and 4b below. By analyzing & pisel intensily histogram (8-bit image:
itensitias from 0255}, thresholds can be defined and the area percentage of each phase
cant be cxlouinted by a pixed count of the infeusity range for each phase. Sincs the miateral
is belleved fo be substantially hamogeneous with no praferred diraction for any phase, the
area perceniage i trealed as being equal o the volume parcentaga of each phase. Forthe
shove analysts, the persan skiled in the artwill recognize thal s possible that the
thrashoids may be defined in an objective manner by measuring the minima Detween peaks
iy & pixed tensity histogram dedved from the BSE imege. For example, these TRHPHITIE D8
he calculated by fiting & 2nd-order polynioenial spuation (& the histogram deta st the regions
between paaks,

(30831 By way of ustration, with reference to Fig. 4. there iy shown generally an
Hustrative microstiuciure that may be axpectad for & Mo-Ti target body prepared by hot
isostatio pressing of & metal powder mikdure having abow 50 at% Mo and 50 a®% T In
these scanning slectron microscope images (in backscatier alectron detection mcde], i the
pure tanium phass is the darkest phase. The medium shaded phase sssanlially
surrounding e fitanium is a Haniumimolybdenum alloy phase (2.¢., befleved o be a 2
phase, but which has varying consentrations of Hanium and molybdenum throughowd), and
the fightest phase is molybdenun. For the embodisnent of Fig. 4. thweis soentobe s
vatunye pﬁﬂ::&niage of B-phase of about 55.7 wol%, sbout 30.8 volt% Mo and sbout 4.7
vol%T

I@ﬁﬁ@} As sean from the above, ay approach o the formation of large ares
sputianing tavgets is provided. The approach is pradicated generally upon the avoidancs of
joining consolidated blocks using (as the primary of main joinder mechanism) diffusiun
bonding via hot isostatic prassing of & loose powder bebwaen the blocks, The prasent
feachings ermvision aem;}%csyimg A continuous solid interface portion as an infsrmediate ayer
netween the blocks. The confiruous solid interface portion may be made by () cold
spraying at least one metal powder pnte at feast one of the blocks for forrming the al least

18
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sne continuous sl interface porticsy; (b comyacting o body of a metal powder mixiure 1o
farrn the at lenst one continuous solid inferface portion; {6} sinteding 2 body of ametal
powder midure 1o forn the af least bne continuous salid interface portion, {c) eold spraying
at loast one metal powder into a die for forming the af least one at least one continuous solid
imerface portion; {8} cold spraying 2 metal powdsr onte 8 gebetrate o orm the gt least one
continuous sobid interface portioy that may oplionally includs, but preferably omits, the
substrate; or (D) any combination of {a} tireugh (). 1 should be appreciated that reference
feantinuous sofid intedace portion” doss not raquire that such portion be free of any porosity.
Ay the teachings indicate, soms porosity is o be expected (2., privrtaa final hot isostatic
pressing operation, the df:sﬁsii\r of any of the described sonfinuous saiid interface partions
may b at least about 80%, TO%, B0% or highat), Desirably, during any steps of making ths
continunus solid interface pmﬁm starting powders of two of mare, though mixed togethear,

remain unalioved, and may not become alloyed until @ subsequent hot sostatic pressing

aparation.
FHELY, The present teachings are Hustrated by raference to sputiering largsts that

include molybdenum with one or more other slements. The teachings may also be
applicable to other materials as well, and are nol necessarily fratad o mobvidsnem-
cordaining systems. For example, other refractory melals {e.g,, tungsten, e, tantsiy

oF any combination thereof) may be employad ina rrador amount (at%h, vol% or wite) of tha
target. The pressnt teachings may be employed as an ahternative for banding aditining
miocks that include wo discontinuous phases and/or that herstofors reuire explosive
bonding techiiguas. By way of example, withowt fimitation, Ta/Ta-2.5W clad plates may be
foinsd sing the technigues hereln. Further, hough the teachings herein are partioukarly
applicable 1o join consolidated powdsr metaliurgy derlved target blocks, they can also &
employad to jein cast or ingot-derived blocks {g.g., elactron beam melled and
tharmomachanically provessed blocks).

{o0ae] Cne henalit of the teachings hersin ix believed dus to the avoidance of
potential issues with segregation, fow density, ardfor shrinkags, which sre olften associatad
with hot lsostatic pressing diffusion bonding with the use of a powdher for defining an
interlayer. Without intending 1o be bound by theory, the conditions taught herein are selected
to that there s an snhanoed driving force for atomic transport from the solid interface portion
during & fingl consolidation step dus 1o the reduction in surface energy {and perhaps strain
snergy) o the interface, wivich i tum helps o enhance bonding. Thess mechanisms are nol
hedisvad to exist using other schnigues ivthe published Herature, aid arg belisved foresull
iy & consolidated intarface portion that is c:hzsmiz:aiiw" snstalurgioally, and visually

substantially Indistinguishable from thie buls material in the blocks.
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{Qﬂﬁ?’} Az 1o gl of the foregoing general isachings, as used herein, unless
sthenvis ted, the fsachings shvision that any memberof @ genus (ist) may be fudand

L

fram the genus: andfor any member of @ Markush grouping may be excluded from the
grouping, Percentages of the sputtering largst exprossed hereln refer to the material of the
sputtering target available for sputter deposition, ang do nat inciudes other sputler target
componants, such By backing plates
0S8R Urdess atherwiss stated, any numarical valies tecited hersin include all
values from the Iower value to the upper valug in Increments of one unit provided thad there
ix & separation of at least 2 units between any lower value and any highervalue, As an
sxampla, If it is stated that the amount of 8 component, & propesty, of & valus of o process
wariable such as, for exampls, temperature, prassurs, fime and the like is, for example, from
1 4o 00, prefarably fram 2040 80, mors prefarably from 3010 R is intended thigd
imermadinte range values such as {for example, 1510 88,3310 88, 431051, 30 1o 82 ele}
are within the teachings of this specilication. Likewise, individual intermedinte valuss ale
also within the presest teachings, For values which ars less than ong, one unit is considered
to b 00001, 00T, 0.01 or 8.1 as appropriate. These are ooly examples of what %
specifivally intended and all possible combinations of nu erical valpes bebween the jowest
value and the highest value snumerated ars fo be considered o be exprassly stated in this
application iy a similar mannes. As can be seen, the teachingof amounts expressed as
“varts by waight' herein also contemplates the sarme ranges axpressad infeoms of peroernt
by welght. Thus, sy exprassion in the Detalled Disacription of @ rangs iy terms of st 7 parts
by welght of the resuiting composition” alse contemplates a teaching of ranges of the sama
recited amount of = in paroan by weight of the reaulling composition.
{30es] Uniags stherwise stated, all ranges include both endpoints and alt numbers
hetween the sndpoints. The use of “aboul” or “approxirately” in connection with & range
applies o both ends of the range. Thus, “about 20 10 307 is intended to caver “about 201c
about 37, inclusive of at feast the specified endpaints. Concentrations of ingredients
ientifind in Tables harein may vary +10%, or even 20% or mors and remain within the
teachings,
{8078 The disclostres of all articles and references, ingluding patent applications
and publicationg, are incorporated by raferencs foy all purposas, The term “consisling
assentially off to describe a conbinalion & Hall inchide the slemants, ingredisnts, components
ov steps iderdified, and such other plermants ingredients, components or steps that do
materially affect the basic and noved characteristios of the combination. The use of the tarms
“gompnising” o “including” to desaribe compinations of slements, hgredients, coMpuigms of
steps herein also contamplates embodiments that consist essantially of, or ven ponaist of

the elements, ingredients, componerts or steps. Flural slements, mgratiants, componants
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or steps can be provided by a single Integrated slement, ingred dient, componant v sied,
Atternatively, 8 single ndegrated slament, lngredisot, componant of step might be divided
ito sepavate pluvel slemants, ingredients, compasants or steps. The sisclosure of “g™ar
“ane” to describe an slemen, ngredient, component or step e nat intended to forectoss
aocitional slements, ingradisnts, components or steps, Alt references hersin 1o slemerds or
metals belonging 1o 2 cartain Group refer o the Pariadic Table of the Blaments published
and coprighted by ORO Fress, Inc., 1888, Any refersnceto the Group of Groups shall be
{o the Oroup or Groups as reflacted in this Periodic Table of the Blements using the IUPAQ
systam for numbering groups. 1t s understood that the abuove desaription s intended to bea
Mustrative and not restrictive. Many smbodiments ag well as many applications besides the
examples provided will be spparent to those of skill in the art upon reading the above
deseription, The scops of i e rncention should, therefore, be deterningd nol with reference
to the above description, b should instead be determined with « referance io the appended
clnims, along with the full scope of equivalents fow hich such claims are antitied. The
disciosures of alf articles and referencas, including patent applications and publications, e
incorporated by referance for all purposes. The omission in the following claims of any
aspect of subjest matler that is disciosed havedn is nots disvigimer of such subject matter,
nor showld # be regarded that the Inventors did net conskder such subject matier to e partof

the disclsad hventive sulstt matler.
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CLAmE

What is olaimad is
1} A sputtering target, comprising

a  a least two consolidated blocks, sach Mook inchuding & refraciory malal alioy
an amourt greater than about 364 percent by waight and &t lsast one
additional alioying glement;

f. &t least ons continunus solid iterface portion derived from a sold spray
deposition, a sintered preform body, a compacted powder body or any
covnbination theveof, and

o ajoint between the al isast two consolidated blocks, which joing the blocks
tonether to defing a target body, the juint including the at least one sontinuous
solid intertace portion, wherein the sputtering targel along the joint exhibits a

ransverse rupture strength per ASTHM BA28-10, of al least aboud 400 Mba.

4.
P

The spultering target of claim 1, whersin throughout the target body thers s @
substantially contintous and uniforn distribution of thres phases.
The sputiering target of dlaim 1 or 8, wherain throughout the target body there is &

Lud
e

substantisly continuous and uniform distribution of & substantislly pure malybdenum
phase, & substantialy pure phase of the gt least ane addiional alloving slemant and
a third phase thet includes an alioy of molybdenum and the af least one additional
atfoying slemeant.

4) The sputtering target of any of claims 1 through 3, wherein the at lsast one asditional
alloying slemant inchudes Wanium,

5y The sputicring target of awy of claims 1 through 4, wherein the amount of the
substartially pure mnlybdanum phase s about 30 to aboul 80 voltt of the spuitering
target body.

8} The sputiering target of any of claime 1 through 5, wherel the amount of the
subsiantinly pure molvbdenum phase is less than gboul 48 vol% of the sputlering
farged hody.

73 The spultering target of any of taims 1 through &, wherels the amount of the
substantially pure phase of the at least one additional sftoying element s sbout 8 to
about 25 voith.

8y The spultering target of any of daims 1 through 7, wheteln the substantially pure
rhase of the af feast one additionsl aloying elerment is fitanium and i present i an

amount iees than sbowt 10 vol¥h.
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9y The spuliering target of any of claims 1 through 8, wherein the amount of the alioy of
molvbdenun and the & leaxt one additional alloying elemant is about 40 1o atiut Ba
vobie.

10} The sputtering target of any of claims 1 through @, wherein the alloy of muolybdenum
ard the of feast one additional alloving slement includes a PB-phase of molybdenum
and Hanium, o an amount greater than aboot 40 wolt% of the alloy, of the taget. or
bath.

YA mhethod for making a sputtering target of any of claima 1 thirough 10, comprising the
sieps of)

a. providing firat and second &t least partially consolidatad powder metal blocks
aach optionatly having a prepared surface, and each including an alley
including 8 refractory metal in an amount greater than about 30 percent by

waight and at least one additional alloying slement;

k. interposing betwean the consolidated powdar matal Diccks sticast one
continuous solid interface portion;

o contacting the preparsd surface of the fivst block indirectly with the prapared
surface of the second Mook via the at least one tontinuous solid interface
portian In the substantial absance of any bonding agent bebyeen the
cortacted swfaces to form g contacted foint structure; and

d. isostatically pressing the contactad structure at v femparature that is less than
about TOBMC pragsurs and for a time sufficient {0 realize a consolidated

joint hetween the first and second blocks.

12} The method of claim 11, whereln the step of providing includes a step of forming the
firet and secong blocks from ar alioy that includes molybdenum, and at lsast one
siioving element selected Forn ttanium, chromium, plobitm, fantalum, lungstes,
sioonium or any combination theveof,

13} The method of claim 11 or 13, wheredn the interposing step includes a step selected
from {a) cold spraying a metal powder oato st least one of the blocks for fanming the
at feast one continueus solid interface portion; {b) compacting @ Dody of metal
powder o form iha af least one tontinuous solid interface portion; {0} sintering & body
of g metal povwder mixture o form the at jeast one continuous solid interface portion;
() cold siwaying & inetal powder into g die for forming the at least ooe continuous
solid interface portinn; (&) sold spraving a metal powder onto g substrate o form the
at least one continuous solid interface portion that may include or omit the substrats;

ar (fyany combination of {a) through (e}
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14} The rosthoad of any of claims 11 through 13 whersin the step of Isosistinally pressing
includes presaing at o lompersture belwaan about 500 and about 1I80°C while the
contactad slruchre is encapsulated in g sealed vessel

15} The methoed of any of olalrms 11 through 14, whersln the step of isosiatically pressing
ncludas pressing at & pressurg of at least sbowt 71 MPa, while the contadiad
strocture s ancapsulated i a cosled vaesel,

18} The method of any of olalms 11 through 18, wherein the step of isostatically prassing
includes maintaining & pressure of abott 80 1o about 140 MPa af a teroperature of
about TOOUC to about 1080% for & fime of about one to about six hours while the
contacted structure is encapsulated in 8 sealed vesssl,

17} The methad of any of dalims 11 through 18, wherein the at least ong alloying slement
i Hitanium and the step of isostalically prassing is perforned under conditions
sutficient s¢ that & micrastructurs s realized that is characterized as induding a pure
fitanium phase, a pure molybdenum phass and an glioy phass of fanium and
maolybdenuny.

18} The msthod of any of dlaims 11 through 17, whevein the step of isostativelly pressing
i performed under conditions sufficient so that the resulting consolidated juint

provides @ structure that has a iransverse ruplwre sirength por ASTM BR28-10, of &
least about 830 MPwa,

18} The method of sny of claims 11 through 18, wherein a resulfing ouyger weight
concentration of the blocks of the spultering target is betwaen abowt 1000 pom and
3500 ppm.

201 & spultering target prepared by the method of any of clalms 11 through 18

1) The spudtering target of claim 20, wherein the target has & largest dimension of at
faaat about 1.3 matars.

223 Use of & sputtering terged of clabn 20 or 31,

&31A thin filoy mads by spultenng with g sputiening target of aither of claim 20 or 214

243 An article emiploying @ thin il of claim 22

28} The article of claim 24, wherein the ariivle s selected froen & fslevizion, & video
display, & smantphiong, 8 tablet computer, 8 personal digital assistant, 8 navigation
device, & sengor, a pontalle enfertainimant davice, o a pholovoltait device.

bih]
5%
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