WO 02/ 16666 PCT/ US01/ 25856 Physical Vapor Deposition Targets and Met hods
of Formation TECHNI CAL FI ELD [0001] This invention relates to nethods of
form ng phger/o@be vapor deposition targets and sputter depowpUB#I@Is8i6ar get s,
to targets produced by such nethods, to filnms produced by such targets,
and, additionally, to targets independent of their nmethod of formation.
BACKGROUND OF THEPhyieaMaper [Repesjtiogetaraptsuand Mathede of Eoemaligtber of the
chal cogeni de cl ass of conpounds. Filnms of these compounds have been used
in the manufacture of conputer nenory devices. Menory densities in excess
of 340 Moits/cnR have been denonstrated with germanium selenide filnms with
a mni "uMTEEOENECARVEELDf eature size of approximately 0.18 mcroneters.

[ 0003] Chal-cogenides are finding utility in the manufacture of
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significa ein ture generations
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films are typically -formed by co-sputtering pure. gernani um and pure
sel eni um t@?é@@& to fémﬁmpaH@@%gmyeﬁtt@r@ﬁ#g apd, pagitiopallydedargstearri ed out
wi th sinmultaneous deposit of Ge and Se onto a comon substrate, thereby
creating dndependantofitheinoetiiadchof fgemation.um and sel eni um [ 0004] However,
the co-sputtering formation of germani um selenide filns
BACKGROUND OF THE INVENTION
[0002] Germanium selenide is a member of the chalcogenide class of
compounds. Films of these compounds have been used in the manufacture of
computer memory devices. Memory densities in excess of 340 Mbits/cm? have
been demonstrated with germanium selenide films with a minimum single layer
feature size of approximately 0.18 micrometers.
[0003] Chalcogenides are finding utility in the manufacture of
programmable metallization cells which have the potential for playing a
significant role in future generations of computer memories. Thus, efficient
formation of germanium selenide films with known and reproducable
stoichiometries is an important goal. Germanium selenide films are typically
formed by co-sputtering pure germanium and pure selenium targets.
Simultaneous sputtering of both targets is carried out with simultaneous deposit
of Ge and Se onto a common substrate, thereby creating a film containing both
germanium and selenium.

[0004] However, the co-sputtering formation of germanium selenide films

requires complex sputtering equipment, increasing processing costs. Also,



requires conplex sputtering equi pnent, increasing processing costs. Al so, |
WO 02/ 16666 PCT/ USO1/ 25856 precise control of two separate sputtering
processewo o02/ashé eve adequate film honogeneity, fil m uniPOT/msey258snd fil m
stoi chionetry. Achieving such objectives in a production environnent, as
opposed to a | aboratory environnment, presents a significant and costly
chal | enge Pregigf/&RRtrofo sepacale svtieobo frogesssedrAghieyepieaair fimof t he

i nvention, a nethod includes conbining a solid first. material and a solid
second nmathemegersity, filmd thifernaty, bedJimastoipbiomeiry. oAchigeinfisush abgeddivieal
sufficient to coat the second material and any remaining first material.

The nel t edn pgirbdastisreendrSnimentaas ioppbsedteailaboratatyietivirohment, pfesents a
appr oxi mat el'y honogenous distribution of the second material can be forned

t hr oughoutgiddicdrt” k6dhallehdLui d phase. The first material liquid

phase can bde soe{dl (%%Pide% ?o %e?i%e' a conposite target blank that includes an
approxi matel y honogenous distribution of the second solid material in a-
matrix of the solidified first material. As an exanple, the first and

second materials can_ _incl | s. The first material can conprise Se
and the se@W@'%YZ?E&HéWE%&i se at |east one of Ag or Ge. The nelting
of at least a portion of the first material and the form ng of an

appr oxi nat[9095£0 nmognesdingde oneaspest ekihedovention, ageethed inglddpe

acconpl i shed by hot pressing. The conposite target blank can include at

| east abowoniifiningl aiselid firsd higtertanidxa sdlivesasdrid materiEl andauelting at leastasel

whi | e heating and conpressing the first material. In such case, the first

portion of the first material sufficient to coat the second material and any
remaining first material. The melted portion can define a first material liquid

- phase. An approximately homogenous distribution of the second material can

- be formed throughout the first material liquid phase. The first material liquid
phase can be solidified to define a composite target blank that includes an
approximately homogenous distribution of the second solid material in a-matrix
of the solidified first material. As an example, the first and second materials can
include metals. The first material can comprise Se and the second material can
comprise at least one of Ag or Ge. The melting of at least a portion of the first
material and the forming of an approximately homogenous distribution can occur
together and be accomplished by hot pressing. The composite target blank can
include at least about 50 volume% (vol%) matrix. The melting can occur in a
vessel while heating and compressing the first material. In such case, the first
material liquid phase can exhibit a sufficiently high viscosity to prevent a
substantial amount of the first material liquid phase from escaping the vessel

during compression. Similarly, the viscosity of the first material liquid phase can

prevent a substantial amount of second material from settling out of the



material |iquid phase can exhibit a sufficiently high viscosity to prevent
a substantial anmount of the first material |iquid phase from escaping the
vessel dveongeeonpression. Simlarly, the viscosity of tpheTARIIEAS8F6at eri al
i quid phase can prevent a substantial amount of second material from
settling out of the 2 WD 02/16666 PCT/ US01/ 25856  appr.oxj mat el onbgenous
di stri but ia@m@ﬁmt@ymmqgwgql%tr@vmrrut HH%@T'aEf%I?&%'ﬁ’ F?P&Sﬁg , ag
conposite target blank can be obtained that exhibits a bulk density of. at

| east abouchInethefis; & composita targeh blank. candud elptaeeshihat eyhibds @ bulkt her
aspect of the invention, a physical vapor deposition target form ng nethod

can i ncl udiensityof at legistaboutsds poatibeoraticapdessityy a first netal with a
second powder conprising a second netal. The first netal can exhibit a

nel ting pq;gobe t |e@§éco?&ﬁ?g?%\%rtﬁéf aspsct(Brhé RR@nti®AN physiBaltvdpdrpoi nt

exhi bited by the second ne Heat and pressure can be applied to a first
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vol ume to he“'secon ume can | east about 50
vol % liquid phase of. the first netal. The second.vol unme may, be, coqled into
2 Compasi OB B A 5t Rt M SacP ek BPBSaaTEPyS Rb g Btel: TBut | on
of at |east the second _powder. The first and second powders can exhi bit
particle fistzastalgagexhibita melingpeint aBlesshebeut 1M06elsiure("rtInss thama
further include screening the first and second powders with a 100 nesh
screen t o melting point exhiditeddrathecsecondhmetabp Heahgnd patssame can desappliedan

I ncl ude heating to a tenperature of |ess than about the nelting point of

t he secondorefirat vélim@ iheludirf the combined first and second powders, changing the
first volume to a second volume. The second volume can include at least about
50 vol% liquid phase of the first metal. The second volume may be cooled into a
composite target blank having an approximately homogenous distribution of at
least the second powder. The first and second powders can exhibit particle
sizes no greater than about 325 mesh. Also, the method can further include
screening the first and second powders with a 100 mesh screen to separate
agglomerations. The applying heat and pressure can include heating to a
temperature of less than about the melting point of the second metal at a rate of
from about 200 to about 400 °C per hour while under compression of from about
6.9x10° to about 28x10° Pascals (about 1,000 to about 4,000 pounds/inch?).
Also, the cooling of the second volume can include removing heat to obtain
about an intermediate temperature, maintaining about the intermediate
temperature for from about 45 to about 90 minutes, and cooling further to a room
temperature of from about 20 to about 25°C. The intermediate temperature can

be about 200°C. Also, the applying heat can attain a temperature of about

225°C. The first powder can include at least about 99.99 weight percent (wt%)
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from about 200 to about 400 C per hour while under conpression of from
about 6.9x106 to about 28x1 06 Pascals (about 1,000 to about 4, 000
pounds/ i me®B)/1666Al so, the cooling of the second vol unme carCi/mséwaieser enovi ng
heat to obtain about an internediate tenperature, maintaining about the

i nternmedi ate te rature for . fromabput 45 to abouf 90 m nutes, d

cool i ng fﬁ'\%‘?r?é]ra E:ge?%'%rt&?rlﬁ apd thspel Wé?rr?ﬁﬂ 5’8&5{9 aztgeg%t 331%13199% The
internediate tenperature can be about 200C. Al so, the applying heat can.
attain a tWipdheuLe ¥ asndials basiscrhecempasite tprami Hlaneean Kmr\@a@xatbm east
about 99. 99 weﬂqiﬁ‘gé\t percent (wt% 3 WD 02/16666 PCT/ US01/ 25856 Se on a

met al s basabu nsily of &t deast pbadtd8Y%eof theotalfidal dendityast about 99. 99 w % Ag
or Ge on a netals basis. The conposite target blank can further exhibit a

bul k densi [0007] at |kesiothbpaépetYf tHe Inveatien, £8bm@esie atefifIXRAl 1 n

anot her aspect of the invention, a conposite material can include a matrix
of a TirstinBRiRd AlatPOEF 2RirstRPALR! nddertts! ftrin i
particles of a second nat elrrgl’}gﬁ ﬁ'?%‘ﬁgﬁt he ?ilé?és*? h%j{?&eqe}rﬁﬂrsndgﬁnpgﬁow Sso,
a physic 0si tian I an | ude .at | east aboujf 50 _vol %
mat ri x anglI>f %%HQ%B%@% %°8ﬁ9“§%ﬁ%§@§ﬂ%%%q§b?%Bﬂtm%tﬁ“af mﬁ‘%ﬁb 8P Bhr oughout
the matrix., The matrix can include a first metal and the (povvde[ can
i ncl ude a %l&sdﬁ?g VRRPLfleposifion farggt ¢ includesal jeash abpit §9i valdrmatipgaird can
include a continuous matrix of Se encapsulating an approximately
honpgenousari BppaXiinaietyhemogepous distributmungdicu powteethteuglsautithe niateaxpowder:
can conprise at |east about 99.99 wt% Ag or Ge on a netals basis. The
t arget canThenatriseah inciudd adfirstdbetad aabdabé potvder Yaafindiliée atsecond metal.

Still further, a sputter deposition target can include a continuous matrix of Se

encapsulating an approximately homogenous distribution of a powder throughout

the Se matrix. The powder can comprise at least about 99.99 wt% Ag or Ge on

a metals basis. The target can comprise from about 25 to about 50 wt% of the at

least one of Ag or Ge in the Se matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Preferred embodiments of the invention are described below with
reference to the following accompanying drawings.

[0009] Fig. 1 is a sectional view of a manufacturing device containing
materials for formation of a deposition target.

[0010] Fig. 2 is a sectional view of the device in Fig. 1 at a processing
step subsequent to that depicted by Fig. 1.

[0011] Fig. 3 is a sectional view of the material of Fig. 2 at a processing

step subsequent to that depicted by Fig. 2.



| east one of Ag or Ge in the Se matrix. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0008] Preferred enbodi nents of the invention are described below wth
ref erencavo 02/1dses f ol | ow ng acconpanyi ng draw ngs. [0009] PCTUSH1/35856a
sectional view of a manufacturing device containing naterials for

formati on of deposi.ti n tar sectjonal view of th
device 1 B33 "o Hiopf seessiHgsotonahvieui raele ot pretiuiriep r g
1. [0011] Fig. 3 is a sectlonal view of the material of Fig. 2 at a

pr ocessi ngvitistasgetsionved e accerglanrawitheprthasolegy ¢ the pzesant\my@ﬁvoneesﬁte
PCT/ USO1/ 25856 [0012] Fig. 4 shows a sectional view of a target/backing
pl at e consdonstruction cairespdradsgieta fargeEiNDURACY @odéigumtiont h et hodol ogy of
the present invention. The construction corresponds to a | arge ENDURATM

conflguratnoms;[omai.nggs atop Sietv bPMebREtacking flatedsirdpaekibmer pl at e
construction o Figure 4 TAI LED DES PTI ON THE PREFERRED

ENVBODI I\/EI\FI'$§ l[‘30&)14] The various aspects of the present invention are

Figu
potentially” applicable to a variety of types of deposition targets and
materi al s for such targets. For exanple, the aspects of the invention are
applicable to physical vapor deposition (PVD) targets, including but not

limted to, sputter deposition targets. The specific exanples provided
her ei n derOREAED RESERITHAN OF oHE RREFERRED EMBODIMENTS

[0014] The various aspects of the present invention are potentially
applicable to a variety of types of deposition targets and materials for such
targets. For example, the aspects of the invention are applicable to physical
vapor deposition (PVD) targets, including but not limited to, sputter deposition
targets. The specific examples provided herein demonstrating application of the
aspects of the invention describe deposition targets including Ge (and/or Ag) and
Se, however, it is conceivable that the methods of the present invention may be
used to form deposition targets of other metals, as well as non-metals, to the
extent that such other materials are suitable for use in deposition targets.
Further, the inventions are not limited to PVD targets and the methods herein
may be used to form composite materials suitable for other uses. In particular,
composite Ge (and/or Ag) and Se materials may be formed.

[0015] In one aspect of the invention, a method includes combining a solid
first material and a solid second material. The first and second materials can
comprise metals. For example, the first material can comprise Se and the
second material can comprise at least one of Ag or Ge. The method can further
comprise combining a;c least one additional solid material with the solid first and

second materials. Such combining may be accomplished wherein at least one of



aspects of the invention describe deposition targets including Ge (and/or
Ag) and Se, however, it is conceivable that the nethods of the present
i nventi owoay1dses used to form deposition targets of ot hepcvs@l2sgseas wel |
as non-netals, to the extent that such other materials are suitable for

use in dep Fur t i nventions are not limted to PVD
targets an fﬁap'??éf ﬁépg Sﬁco'ﬁ‘gwaﬁﬁr'ﬁs‘:@&‘m@q%Pﬁ‘l@@%ﬁ’gé‘?@’ %Rt erial s
suitable for ot her uses articular, - nposite Ge (and/or Ag) and Se
materi al s FRYGHMS faF %%mp P”'Pr@'%ﬁ@nfésp‘gtﬁm%ﬁ'VQlY\éhﬁ ptandosecondnet hod
includes conbining a solid first material and a solid second material. The
first and mateyiad cantoer respectively, e@rqapmlelesmfameflrstmnd@muenaﬂehals‘amctt
material can conprise Se and the "second material can conprise at |east one

of Ag or Geolidipetioletvdeh third rhateribbtan beapted ehereidi Nielvérthélebg,&ﬁb_spne
additional solid material with the solid first and second materials. Such
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particles L,rst and second materials and solid particles of a third
mat eri al c@é’:géé’ﬁaéjﬁg(?rt P@t%m SO6IPel ess, nost preferably the first
material conprises at |east about 99.99 wei fght percent (w% Se on a

netal s bas[09163i ni | alnl gdditiere tatherampesiton af firshand sepond eateridleatie about

99.99 W% Ag or Ge on a netals basis. [0016] .In addition to the

conposi t i ophysiicdl appearmmtessiceuct mateeialsahay btahmother consideration. For
example, one of the typical goals in forming various types of deposition targets is
to produce a uniform or homogenous target material. In the case of a single
component target, for example a target comprising a high purity single metal,
homogeneity is less of a concern. In a multiple component deposition target,
such as a GeSe; or Ge;Se; target, homogeneity can be difficult to obtain. A
mixture of solid phases of varying compoeitions within a target having an overall
or nominal composition typically detracts from the quality of a sputtered film. For
example, in a conventional GeSe; target, some portions of the target will have a
composition of GeSe, while other portions may have a composition of GeSe,
GesSey, etc. Using such a mixed phase target in a deposition process often may
not produce a film having the desired GeSe, composition even though the
nominal composition of the target is GeSe,.
[0017] Forming a single phase GeSe; target can be accomplished by
forming a liquid phase of GeSe, by methods known to those skill‘ed in the art and

quenching the liquid phase. Unfortunately, quenching typically produces a

shattered single phase GeSe, target. Such a target is not suitable for a



physi cal appearance of such materials nmay be another consideration. For
exanpl e, one of the typical goals in formng various types of deposition
targets w0 02/066p6 oduce a uni form or honbgenous target natR€T/@B01/25856t he case
of a single conponent target, for exarrpl e a target conprising a high

it | t al | t |
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can be difficult to obtal n. m xture of solid phases of varyin

Conposi t i d‘fa@mﬁammuamdahqtd@rg&ednm Adatget shapai Thedrotpsassiag 9@6@:@§g$h¢~°on
typically detracts fromthe quality of a sputtered film For exanple, in a
convent i orstllid@ae2 hondieg amongehe dragnuerds of singte phasgGelld,l Lliite ®rao
conposition of GeSe2 while other portions may have a composition of GeSe,

Ge3Se7, etmeltngldmln?Ltﬂé hot me@%q:b@aﬁstsmae@esaz axHBRe S neRifgostesss of ten
may not produce a film haV| ng the desired GeSe2 conposition even though

the nom %oﬁ‘?’%@élé?u@ f. flh&d lﬁérﬂqge g?o%’é@%g kan‘tlUthEQé gkﬂ@d Gh ﬁ']féqgl €

phase GeSe? target can be acconplis ormng a liqurd p ase GeSe?2

phase. onid (el < 3 Bers S b heﬁr@ﬁ%aﬁea% SpEaR e rdniofl o

phase GeSe2 targ{ Such a targ IS not suitable for a 6 WD 02/ 16666
PCT/ US01/ ¥85e0s cﬂ’é%?it'tVPJﬁrmoé @EB"CQ&'@E'ér"aWWWdeI?CPfé“%W RbGeSeadse target is

ground into fragments and hot pressed into a target shape. The hot
pressi ng atgsiiedl i shes solid phase bonding anong the fragnents of single
phase GeSe2. Little or no nelting during the hot pressing occurs since
CGeSe2 exhijootg] a nelDurgy Hevelbpalent of the present invention, it was discovered that -
the first and second material discussed above are preferably in the form of solid
particles. Such particles can be in a variety of shapes and sizes and still achieve
at least part of the various aspects of the invention described herein. For
example, the first and second materials can exhibit particles sizes no greater
than about 100 mesh as measured by methods known to those skilled in the art.
More preferably, the first and second materials are in powder form having similar
sized particles among the first material and the second material. The powders
can be conducive to mixing into a combined first and second material having an
approximately homogenous distribution of both materials throughout the volume
containing the first and second materials. Most preferably, such powders exhibit
particle sizes no greater than about 325 mesh as measured by methods known
to those skilled in the art. Experience has indicated that the particle size range
of no greater than about 325 mesh provides a sufficiently distributed
concentration of Ge (and/or Ag) and Se to form films having a composition

adequately near the nominal composition of the target. However, it is

conceivable that other size ranges higher or lower may be desired depending on



about 710 Celsius (C). In addition, the processes known to those skilled in
the art for formng a |iquid phase exhibiting a single phase of GeSe2 are
conpl ex vedd2/owse prohi bitive for nost applications in whPchudemssict i on of
GeSe2 is desired. [0018] During devel opnent of the present invention, it

was di scovered that  the first d second paterial discussed above are

pr ef er abl \BRUEEF RRNGIGPRS @ﬂdéewqeagp%%rqqrem%%tIO@&rréfla?«et 214 B/SeFOBROSE o

vari ety. of shapes and sizes and still achieve at |east part of the various
aspect s oftatgess aaweelt as athes scompssite haigeis. AF%IfﬁCéQlétrﬁjﬂélbugth@ of padiclesnd
second materials can exhibit particles sizes no greater than about 100

mesh as ngaeferabletieopstdumsoditimval variativesthrolighdietd fangétheitizin aboutvibf-&
preferably, the first and second naterials are in powder form having

simlar  j,z¥4hd AbkdifaItonpEsitort *f o $dripleBiEEbf at IeaBabhft 25 enf. rrgreri al .
The powders can be conducive to mxing into a conbined first and second

mat eri al i J 0%] ' I.hutd material s
b oughout S eRIP S o SRR ol Bl BB HERRK Tafld S CEM SR bredfbl \oss
preferably, such _powders exhibit, parlicle sizes, no,qgreater than about 325
mesh as moRdWreR f PHBE)S%'QE&%OURLE%%E@%R?'PF E’blthgr*af “art. Experience
has indicated that the particle size range of no greater than about 325
nmesh provi9849h suf fPulirgEEyelgpment piithedinvepties it was alse dscaxereddiator Ag)
and Se to formfilnms having a conposition adequately near the nom nal
conposi t i grarti€les lcanthavgea terideney éo agglomerate; aspeciadlp Mhenhetposeldo si ze
ranges hi gher or |ower may be desired depending on 7 WO 02/ 16666
PCT/ USO1/ 2Rh8ffure. Agglomeration of particles prior to mixing first and second materials

can produce portions of a mixture having a disproportionate concentration of at

least one of the first and second materials. For example, Ge was shown to -

exhibit a higher tendency toward agglomeration in comparison to Se. One

example of a suitable technique for controlling agglomeration is minimizing

moisture exposure. Also, a deposition target forming method can further include

screening at least one of the first and second materials to separate

agglomerations. As an example, a 100 mesh screen can be used. In this

manner, any agglomerations of particles in the combined first and second

materials will exhibit a size no greater than about 100 mesh. The screening

process may also function to break up agglomerations into much smaller

agglomerations or individual particles.

[0020] The present aspect of the invention can next include melting at

least a portion of the first material sufficient to coat the second material and any

remaining first material. The melied portion can define a first material liquid

phase. The method can further include forming an approximately homogenous

distribution of the second material throughout the first material liquid phase.
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sputter conditions and target blank conposition for Ge/ Se and Ag/ Se
conposite targets as well as other conposite targets. A sufficient

di st ri butwon2/ofeéparti cl es preferable keeps conpositi onal PORUS@EI5856S

t hroughout a target within about +/- 5 %of the nom nal conposition for a

sanpl e si f | east about, 0.25 cnB. For _exanple, in Se2 target

bl ank, thég@?%ﬁsé/’ thg Meltig addeas! %Boﬂ@nquélg‘%rﬂa%ﬂ@gteﬂé{m%ﬁ\% iNghalt 1:1.9
to about.1:2.1 at any point in the target. [0019] During devel opnent of the
i nvent i on,approXimately dwnavgenmusrdistribktion cpaaccul egether anweomprisgbiehcy to
aggl onerate, especially when exposed to noisture. Aggloneration of

particl es gregsingt on aitypicgl hotrresapeocasspedidphase hoding aideat ogthee porti ons
of a m xture having a disproportionate concentration of at |east one of

the first BAAaf&F6NE pERAEt B dé@?ﬂed%%n%er@&lré@%imé&ﬂg Erellbst a

hi gher tendency toward aggl oneration in conparison to Se. exanple of a

sul tabl e tsiﬁg%@%rﬂfé?gﬁ%'un‘f{% ﬁoﬂ{ig kggﬁ%ﬁ’é QERAR} n%\fﬂ% L3 @‘e@%ﬁ%r{r hgt?pre@iin ture

exposure. eposi n orf m ng can I'NCl dde
screening .at | east one of the first and secopd. erials to separate

2001 oner atnPES RmBSesion 8 cie, Preglon Ot ] PogRe giska SBeTING & hi s
manner, any aggl omerations of particles in the conbined first and second
mat eri al s I@AsTsam@ obihe kguid iomtheydieAdusingt GRAAPESEIAN. 100 nesh. The screeni ng
process may al so function to break up agglonerations into nuch snaller

aggl oner at j0824] or i ndithe dase wieareiSd asd Jed@0jsethas first sadtseaspdct of the
I nvention can next include nelting at |east a portion of the first

materi al  sybfdrizlse Myuidop st Sé e aterpRiatiid ALhAks ARtiroint SpRdanyng first

material. The nelted portion can define a first material liquid
exhibits a sufficiently high viscosity that compression during hot pressing does
not expel liquid phase Se from a die. Accordingly, the inventors have discovered
that temperature controls during hot pressing potentially allow for melting of at
least a portion of the first material sufficient to coat the second material without
expelling the first material liquid phase from a hot press process.
[0022] Since heat and pressure can be applied in other manufacturing
vessels aside from a hot press, the same principles would apply to prevent liquid
phase from escaping other such vessels even though a conventional hot press
device is not used. Pressure also plays a role in preventing first material liquid
phase from escaping a vessel since higher applied pressures may produce a
desire for higher viscosity. Temperature and pressure are thus interrelated in
preventing liquid phase expulsion and can be optimized according to the
principles described herein to obtain the goals of the various aspects of the
invention.

[0023] Producing a first material liquid phase from at least a portion of the

first material can be performed in a variety of manners. The melting at least a



phase. The nmethod can further include form ng an approxi mately honogenous
distribution of the second material throughout the first material liquid
phase. 8 WoDHN686666 PCT/ USO1l/ 25856 Preferably, the neltpPayuvae/isemwst a
portion of the first material and the formng an approxinately honpgenous
di stribution can_occur together and conprise hot S typi cal
hot press Rariereekth esfdfﬂG‘ag%%é’aﬁdﬂﬂpﬁﬁ%'H%SBQS"?HEE‘I %‘lﬁg"hecfﬂshf a parti al
melt is desired and t enper at ures hi enough .t o produce substanti al

anount s ofméatedal angsabstaatiallugoae bpﬁmmd matesialisBotally, pre exhikgs ai nvol ves
conpression in a die, production of a liquid phase risks expelling at

| east somanelting p@inticfwbdut 2209C hildiGe duhibity aansttinggintrof K02 9BSIC. t he
case where Se and Ge are used as first and second naterials, |iquid phase

Se at at TR 214158 diéSenté H@lﬂdd‘ﬁmﬁ?in@ﬁcaﬁé@ﬂfa@'sthtaﬁﬁQll;bhﬂ of 8e as a
suff|C|entIy hi gh“vi scosity that conpression during hot pressing does not

expel 1i q:j‘lr rﬁgfe?%é%gfbe%ﬁe&im1le$ﬁ&ﬂé€ sﬂggt\éﬂt%%nbﬂé{ BREY 2 Q%\éﬁo

di scovere rature contro ressing po entl amjy al ‘I ow
for neltin t . |east ortio irst. materi sufficient to coat
the secondTiriel: QNG TRsEts wamaRebeSeleter TG ol ARl T A ase 1 rom
a hot press process. [0022 SI nce heat and pressure can be applied in other
manuf act urdifigyenges S@r exagipte the dinstanaieriabears sxhibii@ mahimgireinkatdeast woul d
apply to prevent liquid phase from escaping other such vessels even though
a convent iabwait 100t°Cplees sharawmeléing poimexhibéidd byrtbesecendInsatepibhys a role in
preventing first material liquid phase fromescaping a vessel since higher
appl i ed prRssoidinglyTaYirsf Pt fiquid phase can comprise substantially all of the first

material. Also, the liquid phase can be formed such that it does not substantially

comprise the second material.

[0024] The phase change characteristics of the first and second material

can vary depending on the composition. of such materials, as well as other

factors. Impurities in a single component material, such as Se, can cause the

melting point to increase or decrease relative to the melting point of a pure

component. Accordingly, depending on the impurity levels, portions of a material

might not change phase from solid to liquid at an expected temperature. All that

can be expected is for substantially all of the material to melt when temperature

is controlled at near the melting point of the primary component. Higher

temperatures might be suitable for melting all of the first material. In the context

of deposition targets, highly pure materials are typically used so the amount of

material not melted at the melting point is often correspondingly small.

[0025] In the case of a multiple component material such as the first

material or second material, a variety of solid phases can exist in the material.

Often, a eutectic phase present in the multiple component material can melt at a
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desire for higher viscosity. Tenperature and pressure are thus interrel ated
in preventing |iquid phase expul sion and can be optim zed according to the
princi pl @0 dyswsé bed herein to obtain the goals of the vaPCDuSowsgwct s of
the invention. [0023] Producing a first material |iquid phase from at

| east a portign of the first material can be perfornmed in a variety of
manners. W'ﬁ‘éﬁ‘@tIyﬂewﬁf tEFrBB@Eatﬁre@q}@@?ﬂl@éﬁbe'};@?%@/tbggﬁ%ter'ﬁbr'?‘i on of
the first material can include nelting substantially all of the .first

materi al anatesiabgayrthualbegimienmelifat one teaperafurambet nell reasbsabsiantishy
exhibits a nelting point of about 220C while Ge exhibits a nelting point

of about 9RfkpleteSeltirg lrdtil gesighifitani®nhighentempdratgepigdin, theipraseascd bt
substantially all of Se as a first nmaterial can be nelted while nelting

subst ant i ghipuriies@affre&@t ASsAalk afffhts Bﬁﬁ%&érﬁ’él-no@chéﬁgiﬁgtﬁ?ﬁs@'té LiRjuidl! so be
sel ected having a suitable tenperature difference. For “exanple, the first

mat eri al Mol ' ' t t I an a
mel ti ng poi n%ﬁé%’?‘ﬁ%'@ﬁmé;E'ﬁ@‘agéeﬁ%trﬁ‘égnrﬁ{e@?‘fa|“. gpﬁgéeg}%él)nnsg%,fssezzobpr st
material |iquid phase can conprise substantiall. |1 of the first
ot o | a1 . el PR Goriike Bl EnRUREST S Pt slrse fhat MetlEha dhe
substanti al | ?/ conprise the second nmaterial. [0024] The phase change
char act er ir5elting affthe fiestmatstiabenenstoveh thasecord majarahmelingdplatgelly on t he
conposition. of such materials, as well as other factors. Inpurities in a
si ngl e conponticed Maedoithé snralicdmeantSeAs aarexampe, such eutettic phagmean to
I ncrease or decrease relative to the nelting point of a pure
even be formed due to the presence of impurities in an otherwise highly pure
material. Accordingly, all that can be expected is that the first material liquid
phase can be formed such that it does not substantially comprise the second
material.
[0026] Of course, an interface can exist between the first material liquid
phase and the solid second material. At the interface, atomic interactions may
occur to form eutectic compositions or other compositions including elements
from both the liquid and solid. For example, GeSe, GeSe;, etc. can form at the
interface. However, the first material liquid phase does not substantially
comprise the second material as a result of small amounts of such compositions
forming at interfaces. The two phases remain largely separate.
[0027] Another advantage of the viscous nature of liquid Se, and perhaps
other materials, is that particles remaining solid during the meiting of at least a
portion of the first material will not tend to settle out of the distribution in the
original combination of solid first and second materials. If solid first and second

materials are approximately homogenously distributed, then a sufficiently high

viscosity can prevent a substantial number of particles from settling out of the
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conponent. Accordingly, depending on the inmpurity levels, portions of a
material mght not change phase fromsolid to liquid at an expected

t emper at w@02/A6b6 t hat can be expected is for substanti al PgT/aRé1/23856t he
material to nelt when tenperature is controlled at near the nelting point

of the primary conponent. Higher, tenperatures mght be suitable for

mel ting a|app<5¢>x'm?g&m%momcgﬁ %l?t.”iwﬂg@-hé\ e gccopding dp 58 3gRsst pgmt s,
highly pure materials are typi.cally used so the anobunt of material not

nel ted at inventiosl camigcpsienformingon eppximatsivhamegenodsrdistribyteoxaithen t he
case of a nultiple conponent material such as the first material or second
mat eri al , secoadineateriaf theoligltbuythhs isst caatesixl Ixfuid phbbe simmplgbygdrovidEig @n, a
eut ectic phase present in the nultiple conponent naterial can nelt at a 10

WO 02/ 16666, rhédériéealdidhibefion D $biid fif2htsdcenBmAtRRBR ahéen Brigpampr ed to
ot her phases of the material. A material may thus begin to nelt” at one

t enper at urﬁeqng&heao&h%eﬁnclg%ésg&gglg%eﬁa < i FEJHE':IHBh%g apﬁ%f.lgjr\(?r?ltion

significan I'gher “t'enpérat ur presence o €s can
result in snall

anounts of material pot. changi hase to L.i qui when
seemi ngl y S5t PIORLICIRE 8heaogRnsUsssttiatiie M iEalnaEed dndgrials- dhong
material may conprise a small anmount of a eutectic phase that nmelts during
the neltifiigt @1d seeorid meternigltcani ke blepdad imany suitakle Savinedkiaywretq Hosgel t i ng
is largely wunnoticed due to the small anobunt. As an exanple, such eutectic
phase can skilleghintibe ol togeroduee Bo dppeoxinadely bonudgenmusrdistribatiom an ot her wi se
highly pure material. Accordingly, all that can be expected is that the

first mat exddtiondlyubdditivEaseaEpe intuded e dopibihaidn bf firldeaad Retond

substantially conprise the second
materials that are known to those skilled in the art to assist in efficient and/or
effective mixing.
[0028] Turning to Fig. 1, a bottom die 2 of a hot press apparatus is shown
with first material particles 6 and second material particles 4 placed in a cavity 2a
of bottom die 2. Fig. 2 shows punch 8 positioned inside cavity 2a and applying
pressure to first material particles 6 and second material particles 4 while such
particles are heated. The heating of the materials is sufficient to form a liquid
phase 10 from a portion of first material particles 6. Notably, particles 4,6 are
shown generically without any regard to particle size or shape and are for
explanation purposes only. In Fig. 1, approximately twice the number of first
material particles 6 are shown in comparison to second material particles 4. In
Fig. 2, approximately 50 volume % (vol%) of first material particles 6 are melted
to form liquid phase 10. Patrticles 4,6 of Fig. 1 form a first volume while particles

4,6 and liquid phase 10 of Fig. 2 form a second volume smaller than the first

volume. Fig. 3 shows target blank 14 after solidification of liquid phase 10 into
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material. [0026] O course, an interface can exist between the first
material liquid phase and the solid second material. At the interface,
atom c i wepzodsh©ns nmay occur to form eutectic conpositiPOBUSE/I5BIeer
conpositions including elements fromboth the |iquid and solid. For
exanpl e, GeSe, S . can form i nterf wever, the first
mat eri al Imﬁh'P(d1%§) E‘Qe?’(?é%%sh%‘f’s &rgst aﬁf‘f( 4 havinga tﬁ%& me“%lﬁ;séﬁham%rl al
as a result of. small anounts of. such conpositions formng at interfaces.
The two pHisteelumesfirigat.duitynaebatke sampoyzifferandtian thedsesondyelushet he
viscous nature of liquid Se, and perhaps other materials, is that

particl es [0028] ni ng Avtanl bdweendn tthe Figrirés raponit 33tvdl%86ﬁtha firgtaiolumne of the
first material will not tend to settle out  of the distribution in the

original GEHRAEHID bt 88kl fiatsrial %@ﬁl&@é?@%d%hﬁ"mﬁb?rrrsﬂ rhatedal d first
and second materials are approxi mately honogenously distributed, then a

suff|C|ent t articles
rom sett IHAEOER oﬁﬁ*ﬁ@ﬁﬁ%@%ﬂ&% PRI ERIPI i Elo @;E“Be?éw%m oly
honogenous_di stribution, hod ac . of, the ventlon
can’ Pnel udBSES i BN o sxpBIRIHanY| %ncﬁ%%&,%ﬂﬁmfaﬁpeﬁ'?@tbiﬁ Vet Broufigetecond
material throughout the first material 1iquid phase sinply by providing a
honpgenousrdiesessaitiPsieabseednd materialp s 4EhsremaiBingdirst matetiabr i gi nal | y
conbi ned. The particle sizes discussed above and reduction of aggl oneration
assi st i n garbclas BnSurfdompopedies ofi ikuid poaseonO iamdtgaaticlesid, badnstituée Bal s.
The first and second material can be blended in any suitable device known
to those major factor in determining the volume of liquid phase 10 sufficient to coat

particles 4, 6.

[0030] Preferably, the second volume of Fig. 2 comprises at least about

50 vol% liquid phase of at least one of first material particles 6 and second

material particles 4. That is, although shown that only first material particles 6

are melied, it is conceivable that some amount of a second material could also

be comprised by the liquid phase. More preferably, the second volume

comprises at least about 50 vol% liquid phase of the first material. In the case of

GeSe; or GesSey, the amount of Se present is sufficient to form at least about 50

vol% liquid phase without melting any Ge. Ge exhibits a density of about 5.3

grams/centimeter® (g/cm®) and Se exhibits a density of about 4.8 g/cm® at

standard state conditions. Ge and Se also have similar atomic weights. Such

data is available for other component systems that could be included in

deposition targets. The data can be used to determine whether a nominal

composition of a target is adequate to produce enough liquid phase upon melting

a first material. It may be desirable to melt at least some of the second material

if the liquid phase is otherwise not sufficient to coat the second material.
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skilled in the art to produce an approxi mately honbgenous distribution.
Additionally, additives may be included in the conbination of first and
second mederi@be that are known to those skilled in the RPET/US@/2A8% St in
efficient and/or effective mxing. [0028] Turning to Fig. 1, a bottomdie

2 of a hot_press apparatus .is sho with first materjal payrficles,6 and
second mat[QBi?'i parth @%nﬁtyﬂf£%§gﬁ at stapdgid state,co '%'?Rﬁ go‘{r%élgécrﬂ?’ Fig. 2
shows punch 8 positioned inside cavity 2a and appl.ying pressure to.first
mat eri al @adit 5 desimbimiprdbe butk densityiafla gepasitioretargetiniaxdiki@ lenpiy ti cl es
are heated. The heating of the materials is sufficient to forma liquid
phase 10 frreamtize freedretical piurd icosipormahederdityp akpprokissatthg tRebedtical dpasity cl es
4,6 are "shown generically without any regard to particle siZe or shape and

are for expl 86 beUrdrdbROREFepdRiton thiydts Sornded 8PBIhRX HERERAN. tTHece t he
nunber of first material particles 6 are shown in conparison to second

material Qﬁétgwio(alaec%oédig%; 20 ;trig% ?reeéén% %Q;Pécﬁ)gf[ﬂ?é ﬁ'lvﬁnﬁgn Y:%Llﬂgfaiﬁ’a% iflé’éﬁ%iti&{ first

material pafrticles orm I'i qui ase es 4,6 of

Fig. | f fi i ' 4,6.and, |igqui f Fig.
2I 19 orm aorgén@a?ﬁ@wisﬁa?ﬁ%!y:%tﬁ\%ﬂ%@% bh(e%%? F*%ﬁfdfet}%]m?ﬂﬂ gfg@?éﬁ&kgef ar g:atg

bl ank 14 after solidification of Ii %ui d phase 10 into 12 WD 02/ 16666

PCT/ US01/ Z8gthed praduess ableast abou K% of rpistieal dessityl aimronepreigiahly. a t hir d

volune less than the first volunme of Fig. 1, but nay be the sane or

di f f er ent atheasttabeus 68%ndf thebretical d¢0€iRO] Thes highrpdreesieafrthearatical déngityes,

about 33 vol % of the first volume was nelted to coat second materi al

particl es ghsgitle Witheth8igteséntméthdaltie diffitult to obtain simply by conventional hot
pressing of a solid first material combined with a solid second material. |t is even
difficult to obtain by hot pressing ground-up single phase GeSe,. The specific
mechanism by which the present invention achieves a high percent of theoretical
density is not well understood. It is believed that densification of combined first
and second materials involves a combination of mechanisms that may include
particle rearrangement, solid state diffusion, and the formation of the liquid
phase, as such mechanisms are known to those skilled in the art. Inadequate
heating at too low a temperature and/or for too short a time and/or inadequate
compression can produce inadequate densification.
[0032] In the present aspect of the invention, applying heat and pressure
can include heating to a temperature of less than about the melting point of the
second material under compression of from about 6.9x10° to about 28x10°
Pascals (about 1,000 to about 4,000 pounds/inch? (psi)). Preferably, the heating

can be conducted at a rate of from about 200 to about 400 °C per hour. As an

example, the heating can attain a temperature of about 225°C. Such
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particles 6. Al though about 33 vol % are shown nelted in Fig. 2, the anount
nelted is by way of exanple only and not as a limtation that 33 vol%is
suf fici emOoptesnecessary to coat second material particl eBCWUSNARSB®NRI Ni g
first material particles 6. Surface properties of liquid phase 10 and

particles 4, 6 constitute a j.or. factor in, determnni he vol une of

" quid phdSWPEERTR his PEAen sHTigsNt togaeltisubstantalisall PhERBER & cr abl v, t he
second volunme of Fig. 2 conprises.at |east about 50 vol%Iiquid phase of

at | east m@mnaiﬂ@nngmr&ngalpowarwndgreor@ﬁdeand material particles

4. That is, although shown.that only first material particles 6 are

mel t ed, i t[0083}onceiAdddy fermingta soitabladiquick pludsea tisepaséntaiethodicacoul d al so
be conprised by the liquid phase. Mre preferably, the second vol une

conpri ses jaglubieaslidi thfirsy pdtetialdigust ghaéeet@aeﬁﬁeeafcbfrﬁdqsﬁett@rrgieal- I'n the
case of (GeSe2 or e7, the amount of Se present is sufficient to form at

Ge3

| east abo L O Ftﬁ;[?ﬁl ' ' ; Nibits a
density o#ﬂl%@gma\f .%&é%gig'br%})@en [ rar‘e l%??%ﬁ%?%ﬁﬂé&%&ﬁ%lﬁaa density
of about 4.8 g/cnB at,. standard_state. conditjons. . nd Se al 0 hav.
ol Tar arisipo AL 2 fe e S i st Pateriar aftnaiEisR It U8, ot ors
that could be included in deposition tar get s. . The data can be used to
det er ni ne RiIAsSerRan ¢PABrsHal leashand of theotirsbmaerialas thesegerd imateriaband oduce
enough |iquid phase upon nelting a first material. It may be desirable to
melt at | easling dine hebtadhmatarmd cdn detne ai sdlid matrixifeorh ithgiliguidhpeesei sThet her wi se
not sufficient to coat the second material. 13 WO 02/ 16666 PCT/ US01/ 25856

cooled material thus defines a composite target blank comprising some of the

solid particles in the solid matrix. Cooling can include removing heat to attain

about an intermediate temperature, maintaining about the intermediate:

temperature for from about 45 to about 90 minutes, and cooling further to a room

-temperature of from about 20 to about 25°C.

[0034] Most preferably, the hot pressing attains a temperature of greater

than about 200°C and the cooling includes maintaining a pressure applied during

the hot pressing while removing the heat to attain about 200°C. Temperature

can be maintained at about 200°C for from about 15 to about 60 minutes

followed by further cooling to room temperature and removing the pressure when

room temperature is attained. In the method described above, a highly densified

composite deposition target can be produced having a composition determined

largely by the precision and accuracy with which solid materials are

quantitatively blended. Further processing of blended components can produce

a homogenous distribution of selected solid materials in a matrix of solidified

other selected materials. The homogeneity and density contribute to the high

quality of the deposition target.
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[ 0031] The density of GeSe2 at standard state conditions is 4.56 g/cn8 and
it is desirable for the bulk density of a deposition target to exhibit a
density wear/idshe t heoretical pure conponent density. AppPORUREIISEE
theoretical density can also be desirable in deposition targets fornmed of

other materials. Th t hod according.to the ect of the

i nventi on [Qggﬂ)bt ai ﬁnén@étgﬁé?‘?f?%qo ttlé‘g{j'lé@”hﬂn kgé’gﬁgpa[rge rh'ﬂ"cﬁ’(g&sq about 95
% of theoretical density. Preferably, the nethod produces at |east about
97% of t hevatsixiaf al firgbmeiteral and amarPiexisnatehphgmogeroysdistritaiontof 98% of

t heoretical density. The high percent of theoretical density possible with
t he pr eserpartimeﬂoﬂaisecdhd fnatetial thoougtoait thesfirsp matégalanatrientTherfiist hot
pressing of "a solid first material conmbined with a solid second naterial.

It is evennagribf nathx ca® coRfprise abwrshmetaw 866 tNOpariRItbitRe $eBOhE phase
GeSe2. The specific mechani smby which the present invention achieves a

hi gh perc I I bel i eved
that_densifrisel bP8oRELSS e, %ﬁ?‘éﬂréftya eodthmbiar, THRErRRER by %Z% -

conbi nat i | i ncl ude articl arra solid
state di fﬁ%%?ot gg@ ﬂi‘gsma{} ”@F”’W@n FPGRT g %fﬁf?g ngpgﬁgﬁ &% hani sns
are known to those skilled in the art. Inadequate heating at too |ow a

t enper at urle an@ BEtES basisanshibersegond veatgnal @an FaRpEge 2t teast 8RpE2P8n can
produce i nadequate densification. [0032] In the present aspect of the

i nvent i on,wi¥p Agyorrge loaza metalsfrasis uiFer example) Saided En(anddon Aglecarebger at ur e
of less than about the nelting point of the second material under

conpr essi ?oqﬁeara@@@hﬂgqe@|axéaﬁuttgg_gggwt%%xl 06 Pascals (about 1,000 to
about 4,000 pounds/inch2 (psi)). Preferably, the heating can be conducted

at a rate osbf Om abMY nelk Ean BBRIBrisé YRnStarialy aH of tHSfidPmaterial and

may be a continuous matrix encapsulating the second material. Preferably, the
matrix does not substantially comprise the second material. The particles of the
second material can exhibit particle sizes no greater than about 100 mesh, or
preferably no greater than about 325 mesh. Further, any second material
particle agglomerations can exhibit a size no greater than about 100 mesh. A
target comprising from about 25 to about 50 wt% of at least one of Ag or Ge in
an Se matrix may be particularly useful and valuable. For example, the target
may exhibit a stoichiometric atomic ratio of Ge to Se of about 1:2 or about 3:7.
Even so, the ratio of Ge to Se can correspond to another known germanium
selenide orto a non-stoicﬁiometric composition. Advantageously, the films
deposited from the above described targets can exhibit substantial homogeneity
of the same ratio of components contained in the targets.

[0037] An exemplary backing plate/target assembly encompassed by the
present invention is shown in Figs. 4 and 5 as assembly 30. Assembly 30

comprises a backing plate 32 bonded to a target blank 34. Backing plate 32 and
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exanple, the heating can attain a tenperature of about 225C. Such 14 WO
02/ 16666 PCT/ US01/ 25856 tenperature has proven sufficient to nelt

subst ant ived by1@bé of the Se in a conbination of Ge and SeCposaiexssseunder
conpression. [0033] After formng a suitable |iquid phase, the present

met hod can, include _saljdifyin he first. jaterial liquid phase to define a
Commosi + o 1EFURIANG AR HAN e aiRe35 APNIS GBS, BloRRIBLS
distribution of the solid second material in a matrix of the solidified
first natedifisiondperd hatwassn e hawking plaieiang trrget eaa selsigshiond. diarpetast one
of the first material and the second material and cooling the heated

mat eri al chlankd@4can somptisepfor iexampiend GeSe, guiGE;Skasempisite target bnk.
material thus defines a conposite target blank conprising sonme of the

sol i d part BgkRringidlate B2 8RY tatgBRblNk 3404 ERAPASE ah) Of wiendr80®Vi ng heat to
attain about an internedi ate tenperature, naintaihning about the

I ntermedi a : ; f .4 )

cool i ng fuﬁ:ﬁﬂffg&? gggé’%g{mﬁeiéeﬁr%@ g%@ﬂo@o ?Sh%a%%ﬂ%lﬁg’? t %Qﬁ%@? Ia}%@%
[0034] Most _preferghly, the hot pressing attai enperatyre of greater

L han abour PR GR9BEAHGAD SEOPTIT ThorAItEe. ARENDIRAY BrEbhtlne 300! | oc
during the hot pressing while renoving the heat to attain about 200C.
Tenper at ur BCCENAE CaRCRMBrised mungdiier pedrhery:r Hig.dnshowsassembly Abbut 60
mnutes followed by further cooling to roomtenperature and renoving the
pressur e whadap-viewprancitipeiratesribe iexeatpiaryrednd lontariperipiieho donfepraiidred above,

a highly densified conposite deposition target can be produced having a
conposition determ ned

EXAMPLE NO. 1

[0038] A powder blend having the nominal composition GeSe, was
prepared and loaded into a hot press die. The die was loaded into a hot press
chamber and 2,500 psi was applied to the die assembly. The hot press chamber
was evacuated, backfilled with argon gas, and maintained at a pressure of
approximately 500 Torr. The temperature was increased from ambient
temperature to 225°C at a rate of approximately 300°C per hour. 225°C was
maintained for 60 minutes. The temperature was reduced to 200°C and
maintained for 45 minutes. The temperature was reduced to room temperature
and then pressure was released. The resulting material exhibited a 97%

theoretical density.

EXAMPLE NO. 2
[0039] The same procedure as described in Example 1 was carried out

except that the temperature of 225°C was maintained for 68 minutes instead of
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| argely by the precision and accuracy with which solid materials are
quantitatively bl ended. Further processing of bl ended conponents can
produce veOhonwegenous di stribution of selected solid nat ePCBUSOW238% nat ri x
of solidified other selected materials. The honbgeneity and density
contribute to the high yality of the de ition target. 15 WO 02/ 16666
PCT/ US01/ ﬁ’s@@”ut%z‘g]”ﬂqt%“% With arueates H&fs) 854 ‘!H“ﬁé’“?fm?gﬁﬁﬂﬁw WZSp\D t ar get
can include a mtrix of a first material and an approxi nately honbgenous
di stri but ipsddeged.particles of a second material throughout the first
material matrix. The first material matrix can conprise a first netal, and
the particles of the second naterial can conprise a powder of a second
netal. The target can include at |east about 50 vol % matrix. The matrix

can conpripearPLUERSS, ;about 99.99 wt% Se on a netals basis and the second
material can conprise at |east about 99.99 w%Ag or Ge on a netals basis

. For exa Se a C i " vel of
about 6. 99030 ;[ oiEr RIS iPacatabedtOP AR | vif Al A e, 2
first material, an may be cont [ nuous nptrix epca aging the second
o ol @oapting POET okt 8 SR nafcamtering B Seodpiitie *t he
second material. The }Zoar(;ti cles of the second material can exhibit particle
si zes no deewesatuiegh23pEuwasaoaiptained fr 7Gmindealinsiead of PR apieptasyid about
325 nmesh. Further, any second material particle agglonerations can exhibit
a si ze no matesiabexcdexding Bt thE@detived dengity was geodeaathr i si ng from about 25
to about 50 wt % of at | east one of Ag or Ge in

[0041] The invention has been described in language more or less

specific as to structural and methodical features. It is to be understood,

however, that the invention is not limited to the specific features shown and

described, since the means herein disclosed comprise preferred forms of putting

the invention into effect. The invention is, therefore, claimed in any of its forms

or modifications within the proper scope of the appended claims.

18



an Se matrix may be particularly useful and val uable. For exanple, the
target nmay exhibit a stoichionetric atomc ratio of Ge to Se of about 1:2
or about W80 #2/166&ven so, the ratio of Ge to Se can corresppOUUST/ 2R her
known germani um selenide or to a non-stoichionetric conposition.

Advant age&gslm@the films deposited fromthe above described targets can
exhibit sdpst i al honobgeneity of the sane ratio of conponents contai ned
in the targets. [0037] An exenplary backing plate/target.assenbly
enconpassddV¥g) ¢laisn: present invention is shown in Figs. 4 and 5 as assenbly
30. Assenbly 30 conprises a backing plate 32 bonded to a target blank 34.
Backing plate 32 and 16 WO 02/ 16666 PCT/ US01/ 25856 target blank 34 join
at an i ntet.f aceA sfethadicomprsingonpri se, for exanple, a diffusion bond

bet ween the backing pldte and target or a solder bond. Target blank 34 can

conprise, for exgfBinfhg SolldeSe AndratfeistoneCsMemlidi Agof 86ldeGebl ank.  Backi ng
plate 32 and target blank 34 can conprise any of nunmerous configurations,

Lo et G B B ESE R A e 0

34 can conpri se, contiguration, accordrngly
can conprise a round puter riphery.. Fig. ho ssenbly 30 in a
Cop-vi ew, BRANNG St 86 ceeEPoeR dearina an Re HE PR phory
configuration. EXAMPLE NO 1 [0038] A powder_blend having the_nom nal
conposi ti on Gedepmingsan gpepadraatelnhomegeagus distrikutipn offheAg af €€ The die
was | oaded into a hot press chanber and 2,500 psi was applied to the die
assenbl y. tiheudhout theeSe liguithpease;

| solidifying the Se liquid phase to define a composite material comprising

an approximately homogenous distribution of the solid Ag or Ge in a matrix of

the solidified Se.

2. The method of claim 1 wherein the solid Se and the at least one of solid
Ag or solid Ge are metal particles and exhibit particle sizes no greater than about

325 mesh.

3. The method of claim 1 wherein the Se comprises at least about 99.99
weight percent (wt%) Se, the Ag or Ge respectively comprise at least about
99.99 wt% Ag or Ge, and the composite material comprises from about 25 to

about 50 wt% of the at least one of Ag or Ge in the Se matrix.

4. The method of claim 1 wherein the composite material comprises at least

about 50 volume percent (vol%) matrix.

5. The method of claim 1 wherein the composite material is formed as a

physical vapor deposition target blank.
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was evacuat ed, backfilled with argon gas, and nmaintained at a pressure of
approxi mately 500 Torr. The tenperature was increased from anbi ent

t enper at w@ 0t/m6825C at a rate of approxi mately 300C per hpOT/US@25856nas

mai ntai ned for 60 m nutes. The tenperature was reduced to 200C and

mai ntai ned_for 45 mnutes, The tepperature was reduced fo room.tenperature
and then pressufhe medhed PEsledn 1 wheria i ot lggshenep SPlicoAe 0B SPIRIGE 070

t heoretical density. EXAMPLE NO 2 [0039] The sane procedure as descri bed

i n Exanpl econsigds of apkd &¢.out except that the tenmperature of 225C was

mai ntai ned for 68 mnutes instead of 17 WD 02/ 16666 PCT/US01/ 25856 60
mnutes. A material wth a greater than 98% theoretical density was
produced. EXAMPLE NO. 3 [0040] The same procedure as described for Exanple
1 was carried out except for the powder blend had a nom nal conposition of
Ge3Se7 and the tenperature of 225C was nmaintained for 70 m nutes instead
of 60 mnutes and nmaterial exceeding 99% theoretical density was produced.
[ 0041] The invention has been described in |anguage nore or |less specific
as to structural and nethodical features. It is to be understood, however,
that the invention is not limted to the specific features shown and

descri bed, since the neans herein disclosed conprise preferred forns of
putting
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the invention into effect. The invention is, therefore, clainmed in any of.
its forms or nodifications within the proper scope of the appended cl ai ns.
18 WO 02M@6566RCT/ USO1/ 25856 CLAIMS | (W) claim 1. A Per/sel/aseswpri si ng:
conbining solid Se and at |east one of solid Ag or solid Ge; nelting at

| east a portion of the Se sufficient to coat the Ag or Ge and any

remai ning Se, the nelted portion defining an Se |jquid phase; form ng an
appr oxi matel y f&%&%‘ﬁ%h&a%rwpﬁﬁppéﬁrgﬁ??rﬁﬁn%ﬁq%bg%@c’ Righout the Se
l'iquid phase; solidifying the Se liquid phase to define a conposite

mat eri al conpr iganjningra spkd tisst materigl gehdgscend mateiiali on of the solid
Ag or Ge in a matrix of the solidified Se. 2. The nmethod of claim1l
wher ei n t he solméitiSg atnebsdtlrep@tioh efittie finsé neftesall sufficiégt torcond thedséeoral e
netal particles and exhibit particle sizes no greater than about 325 nesh.

3. The nethagriaf afdl @n rénié‘i}ﬁﬁ%ififbttrﬁ'@teﬁﬁl,@l%fﬁféltéﬁsp&iioh @efhingPhist 99. 99

wei ght percent (wt% Se, the Ag or Ge respectively conprise at | east about

99.99 W % 0 he conposite material conprises fromabout 25 to
about 50 v{ﬁg}oeg'%l ﬁueldzjthgﬁéast one of Ag or Ge in the Se matrix. 4. The

method of el al A P proXimata Aombgenaus disiib iR of the Sedbnd Fisterial

throughout the first material liquid phase;
solidifying the first material liquid phase to define a composite target blank
comprising an approximately homogenous distribution of the solid second

material in a matrix of the solidified first material.

8. The method of claim 7 wherein the first and second materials comprise
metals.
9. The method of claim 7 wherein the solid first and second materials

comprise particles and exhibit particle sizes no greater than about 100 mesh.

10. The method of claim 7 wherein the first material comprises Se and the

second material comprises Ge.

11.  The method of claim 7 wherein the first material comprises Se and the

second material comprises Ag.

12.  The method of claim 7 further comprising combining at least one

additional solid material with the solid first and second materiais.
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about 50 vol une percent (vol% matrix. 5. The nethod of claim 1l wherein the
conposite material is formed as a physical vapor deposition target blank.
19 WO 02M@6566RCT/ USO1/ 25856 6. The net hod of claim 1 wheT/@so/1sB® at

| east one of solid Ag or solid Ge consists of solid Ge. 20 WD 02/ 16666
PCT/ US01/ 25856 _ 7. A physjcal vapor deposition target form ng nethod

conpri si ng1:3-corﬂl%mﬁyﬁ)ﬁgéﬂﬁﬂnﬁ‘pgﬂ% g tm@rﬁiﬁ?’é%élﬂ%ﬂ%’é@ the first eri al ;
melting .at |l east a portion of the first material sufficient to coat the
second nenalerial anehthexfoymikgrandppgoXimasely homeegeiioustdistribptioracedr t i on

defining a first material |iquid phase; form ng an approximtely
honmogenoudogethier ahdtconiprizle hdtepressingd material  throughout the first
material |iquid phase; solidifying the first material 1iquid phase to

define a conposite target blank conprising an approxi nmately honbgenous

di stributifn ofTH@eHRdd Bf E8FATAvhERI®HeAmelthgBa Bt XpdMion BetHeofinsdli f i ed

first material. 8. The nethod of claim7 wheréin the first and second

2,5 R SoptBhal R AR

first and second nm I cl es IC %i zes
no greater, than aoout S aBsl

15.  The method of claim 7 wherein the composite target blank comprises at

ieast about 50 voi% matrix.

16.  The method of claim 7 wherein the melting occurs at a temperature of

less than about a melting point of the second material.

17.  The method of claim 7 wherein the melting the first material occurs in a
vessel while heating the first material to a temperature and compressing the first
material at a pressure, the first material liquid phase exhibiting a sufficiently high
viscosity at the temperature to prevent a substantial amount of the first material

liquid phase from escaping the vessel at the pressure.

18.  The method of claim 7 wherein the melting the first material occurs at a
temperature, the first material liquid phase exhibiting a viscosity at the
temperature sufficiently high to prevent a substantial amount of second material
from settling out of the approximately homogenous distribution in the first

material liquid phase.

19.  The method of claim 7 wherein the composite target blank exhibits a bulk

density of at least about 95 % of theoretical density.
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10. The method of claim7 wherein the first material conprises' Se and the
second material conprises Ge. 11. The nethod of claim7 wherein the first
mat er i al wonprdiéses Se and the second material conprises PQT/Us®/2583%%e net hod
of claim?7 further conprising conbining at |east one additional solid
material with the solid first and second nmaterials. 21 WO 02/ 16666

PCT/ US01/ 25856 , 13. The net hod of. cl.aim 7 wherein, the nelting a | east a
portion ofthe Apﬁéﬁ'caﬁ’éﬁ@ri P°§H'&“ttﬂ@ef*£9fm!ﬁg "é%hggﬁpmﬂrlﬁmgl y honpgenous
di stribution occur together and conprise hot pressing. 14. The net hod of
cl ai m 7 wher ei reanining sqlidgparticles o afirpometal witt saliskparticles of gegasond|
conprises nelting substantially all of the first material and substantially
none of theewEcond nmaterial. 15. The fethod of claim 7 wherein the :
conposite target blank conprises at |east about 50 vol % matrix. 16. The

net hod of clai @pbl%?ﬁ@aﬂahb%ré@édré@@ﬂ%é@h@ir@d Solidgraraeiat whe fefmingess t han
about a nelting point of the second material. 17. The nmethod of claim?7

the 1 rst e Mgterialtombisho BFIdHst Baofrantonk lod afREeR tibadt oPERr,

the first matéria enperature an eriral at
a pressur he fifrst erial lLiguid ase exhibiting a sufficiently high
Vi scosi tyﬁg?tﬂfﬁén?@ﬁggg%%ls@c?%d H}%E@Ieﬁﬁga substanti al anount of the first
material |iquid phase fromescaping the vessel at the ?ressure.
cooling the heated material o form a solid matrix from the liquid phase,
the cooled material defining a composite target blank comprising some of the

solid particles in the solid matrix.

21.  The method of claim 20 wherein the first metal comprises Se and the

second metal comprises Ge.

22. The method of claim 20 wherein the first metal comprises Se and the

second metal comprises Ag.

23. The method of claim 20 wherein at least one of the first metal and second

metal comprise a plurality of metallic elements.

24.  The method of claim 20 further comprising separating agglomerations of

the solid particles prior to applying heat and pressure.

25.  The method of claim 20 wherein the solid particles of the first and second

metals exhibit particle sizes no greater than about 325 mesh.
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18. The nmethod of claim7 wherein the nelting the first material occurs at
a tenperature, the first material |iquid phase exhibiting a viscosity at
the tenpedar/uwes sufficiently high to prevent a subst ant i BCT/AROIRFBS60f
second material fromsettling out of the approxi nmately honbgenous
distributign inthe first_ material |iquid phase. 19. The nethod of claim?7
wher ei n tk@-corﬁ&ﬁ@h?i%@l@"ﬁlz&n‘ﬂ e &Q'ﬁ‘&gﬁﬁﬁﬁe dgen siot substagiiallyeast
about 95 % of theoretical density. 22 WO 02/16666 PCT/US01/25856 20. A
physi cal \egiapriseeihessadond meatayenditbe hieatpdyvateiial comprises ag: appsekimately sol i d
particles of a first netal with solid particles of a second netal;

appl yi ng heshogevibyy distriutioh @f tsbiid partizlarcof thelsedopd mhétal thso@gitbuit dhigri ng a
heated material conprising at |east about 50 vol % |iqui d phase of at |east
one of thruid peéséretal and the second netal; and cooling the heated
material to forma solid matrix fromthe liquid phase, the cooled materi al
defining a conposite target blank conprising sone of the solid particles

in the solj i : i M i i : al
compri ses 25 anths et of 20 e Rin HAGiEBnARE EBDrSHE sLbSehral 2
wherein the first. netal conprises Se and the second netal conprises Ag.
23. The neqqh%gotESfﬁr%ﬁH?*ﬂ"zo wherein at | east one of the first netal and

second

28. The method of claim 20 wherein the applying heat and pressure
comprises heating to a temperature of less than about a melting point of the
second metal under compression of from about 6.9x10° to about 28 x10°

Pascals (about 1000 to about 4000 pounds/inch?).

29. The method of claim 20 wherein the applying heat and pressure occur
together in a vessel, the liquid phase exhibiting a sufficiently high viscosity during
the applying to prevent a substantial amount of the liquid phase from escaping

the vessel.

30. The method of claim 20 wherein the particles remaining solid during the
applying heat and pressure form an approximately homogenous distribution
throughout the liquid phase, the liquid phase exhibiting a viscosity sufficiently
high to prevent a substantial number of particles from settling out of the

approximately homogenous distribution.
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metal conprise a plurality of netallic elenents. 24. The nethod of claim 20
further conprising separating agglonerations of the solid particles prior

to appl yiwmgotiemte and pressure. 25. The net hod of cl ai m 20reh@sei/2583che sol i d
particles of the first and second netals exhibit particle sizes no greater
t han about 325 nesh. 23 WO 02/ 16666 PCT/US01/25856 26. The method of claim

20 mherel the ui.d phase does. not su tantial | conprise the second
met al and Hﬁgﬂxac Y%HQQQ%p88WBP| gﬁ”ﬁﬂ%ﬁﬁﬁ%ﬂﬂ NS$hogenous
dlstrlbutlon of solid particles of the second net al throughout t he Ilquid
phase. 27. The Gasmbiptndod fitst omden canwising a fisstimeial with rasecanshpewder:
substantially all of the first netal. 28. The nethod of ¢laim 20 mherein

t he appl yicunprising arsecondsnetat the copriirssss fitse ahd rsgcbnd ponetgre havmgea fifst | ess
than about a nelting point of the second netal under conpression of from

about 6. 9%b%mwﬂr§ﬁnéﬂé?@xhﬁﬂﬁ@é?nélﬁ%ﬁbun%%@ieats?aﬁéemod*@@@ess

pounds/inch2). 29. The neth of claim?2 erein the applying heat and

pressure cur eth e |d phase exhibiting a
suffici en?‘ﬁ?nﬁi@ﬁ °§Eﬁ‘t’3‘ t?rqeﬁ%%étﬁ aﬂ#p"\% eHg to pr event a substanti al
anount of the |IC]UI d hase from esca(gl ng,. the vessel .. The net hod of
cl ai m 20 wher ei3PRIYBg Apf pressigit f"?ﬁgf“’ss&NPW%?PQ&h?HQ'nQéBEIthng heat

and pressure form an approxi mately honmpogenous distribution
volume to a second volume, the second volume comprising at least about 50

vol% liquid phase of the first metal; and
cooling the second volume into a composite target blank comprising an
approximately homogenous disttibution of at least the second powder throughout

a solid matrix comprising the first metal.

32. The method of claim 31 wherein the first metal comprises Se and the

second metal comprises Ge.

33. The method of claim 31 wherein the first metal comprises Se and the

second metal comprises Ag.

34. The method of claim 31 wherein the first and second powders exhibit .
particle sizes no greater than about 325 mesh, the method further comprising
screening at least one of the first and second powders with a 100 mesh screen

to separate agglomerations.
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t hroughout the |iquid phase, the liquid phase exhibiting a viscosity
sufficiently high to prevent a substantial nunber of particles from

settl i ng voob2/ofe6d he approxi mately honogenous di stri buti oRCT/RS0VISBB2/ 16666
PCT/ US01/ 25856 31. A physical vapor deposition target form ng nmethod
conprising; _conbining a first powder conpri si a first netal with a second
powder coRpri sil i acthed Ai¢lag 31 w F@ngg%i’ﬁg’g"g heatangharessdthd powder s
having a first volune and the first netal exhibiting a nmelting point at

| east aboutom@s€s heating thariempeaturengf lpes thareabowli thedneljing peinied thel net al ;
appl yi ng heat and pressure to the first volume and changing the first

vol une to gessvPm@talclteniate bhfroRFaIeaE 200 teEbdiRM00i °S per lburl whites uadeut 50
vol % | i gui d phase of the first metal; and cooling the second volune into a

composi te Lagete Il ARK AR Rie A 1o HRLO b KAbE P RARTARAAUF0GY £ 1| DUt on

of at |eas e second p roughou a solid matr conprising the

first metalb 32%9@1(3 rrrg(i od, af claim31 wherein the first netal conprises
Se and t he@PQWL RRYS/EGRpr i ses Ge. 33. The nethod of claim 31 wherein

the first netal conprises Se and the second netal conprises Ag. 34. The
met hod of claim.31 wherein the first and second Powders exhibit particle

si zes no gPBat ed hemagthagRficlaips3 hudereinibe geelrgithasetrid YAIWRE si ng

screening at |least one of the first and second powders with a 100 nesh
screen comprises removing heat to attain about an intermediate temperature,

maintaining about the intermediate temperature for from about 45 to about 90
minutes, and cooling further to a room temperature of from about 20 to about 25

°C.

37. The method of claim 31 wherein the composite target blank exhibits a

bulk density of at least about 97 % of theoretical density.
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to separate agglonerations. 25 WO 02/16666 PCT/US01/ 25856 35. The net hod
of claim 31 wherein the applying heat and pressure conprises heating to a
t enper at we omiéohess t han about the nelting point of the BeToRu/2BIal at a
rate of from about 200 to about 400 C per hour while under conpression of
from about 6.9x106 to about 28 x106 Pascals (about 1000 to about 4000
pounds/inch?). 36. The nethod of claim31l wherejn the cooljng the_second
Dol s | ottt i SABNYEHE\YaRPTHSReSON datast frabirs B e eRmRSLp Calgim 7
tenperature, maintaining about the internediate tenperature for from about
45 to about 90 mnutes, and cooling further to a roomtenperature of from
about 20 t#d-abdbiPhysicatvapor depositionttaraet producadbpihammethachot dlaine 88posi t e
target blank exhibits a bulk density of at |east about 97 % of theoretical
density. 26 WD 02/ 16666 PCT/USO01/ 25856 38. A physical vapor deposition
tar get pr ofcedA fiimtpedueachibyl thef ploysicahvapor opositiphjargetidf claipoB8deposi ti on
target produced by the nethod of claim?20. 40. A filmproduced by the
physi cal vapor deposition target of claim38. 41. A film produced by the
physi cal véhor Aémsirbduced loy tes plofsicdl aiapoBlepdsitiotargapobilibien 88t eri al
conprising a Se matrix as a solid phase separate from an approxi mately
honogenous di stribution of at | east one of solid Ag or

42. A composite material comprising a Se matrix as a solid phase separate

from an approximately homogenous distribution of at least one of solid Ag or

solid Ge throughout the Se matrix.

43. The material of claim 42 wherein the at least one of solid Ag or solid Ge
comprises metal particles and exhibits particie sizes no greater than about 325

mesh.

44.  The material of claim 42 wherein the Se comprises at least about 99.99
wt% Se, the Ag or Ge respectively comprise at least about 99.99 wt% Ag or Ge,
and the composite material comprises from about 25 to about 50 wt% of the at

least one of Ag or Ge in the Se matrix.

45.  The material of claim 42 wherein the composite material comprises at

least about 50 vol% matrix.

46.  The material of claim 42 wherein the composite material is a physical

vapor deposition target blank.
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solid Ge throughout the Se matrix. 43. The material of claim42 wherein the
at |l east one of solid Ag or solid Ge conprises netal particles and

exhi bi t s wan/i@hbe sizes no greater than about 325 nesh. BdT/UToue258%t eri al
of claim42 wherein the Se conprises at |east about 99.99 w % Se, the Ag
or CGe respectively conprise at |east about 99.99 wt% Ag or Ge, and the

conposite terjal comprises from about 25 to. about 50 % of the at | east
one of Ag 5 GeAith?'ﬁgP NP areteeR ToRdarOnt SOMATINICEA MATTX Ok AT NGRS n t ho
conposite material conprises at |east about 50 vol % matrix. 46. The

mat eri al dndanpPIXimately hamagenouaistiibetiorelparticles of a ssepsidaaateriahpor
deposition target blank. 27 WD 02/ 16666 PCT/ US01/25856 47. A physi cal
vapor depdardughout édregfitst owtprialsnagixa matrix of a first material and an
approxi mat el y honbgenous distribution of particles of a second materi al.

t hroughout the first material matrix. 48. The target of claim47 wherein

the first ggd sEeORilgERSREIAIM 37 WHEIEINSAE ST Psecthd hbteriad 86hpAsec! ai m 47
wherein the second nmaterial particles exhibit particle sizes no greater

than about,d mesh. 50. The target of claim47 wherein any second materi al
particle ‘"agglonerations are no greater than about 100 nesh.

49. The target of claim 47 wherein the second material particles exhibit

particle sizes no greater than about 100 mesh.

50.  The target of claim 47 wherein any second material particle

agglomerations are no greater than about 100 mesh.

51.  The target of claim 47 wherein the first material comprises Se and the

second material comprises Ge.

52.  The target of claim 47 wherein the first material comprises Se and the

second material comprises Ag.
53.  The target of claim 47 further comprising a third material.

54.  The target of claim 47 wherein the target comprises at least about 50

vol% matrix.
55.  The target of claim 47 wherein the matrix is continuous.

56. The target of claim 47 wherein the first material exhibits a melting point at

least about 100 °C less than a melting point exhibited by the second material.
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51. The target of claim47 wherein the first material conprises Se and the
second material conprises Ge. 52. The target of claim47 wherein the first
mat er i al wonpriéses Se and the second material conprises PQT/US@/2583%%e t ar get
of claim47 further conprising a third material. 54. The target of claim47
wherein the target conprjses at | east about 50 vol %magri x. .55, The target
of clai m &7 -whel§ iarg@ofriaim 4 w@%mtﬁﬁﬁemﬁ exBibityipcbyly dedsity of at least 47
wherein the first material exhibits a nelting point .at |east about 100 C

| ess t han abauti96i hpfpbeonetiealddsisitgyd by t he second material. 28 WD 02/ 16666
PCT/ US01/ 25856 57. The target of claim47 wherein the target exhibits a
bul k density of at |east about 95 % of theoretical density. 58. The target
of cl ai m 4&8.wheThe targéeofEain 47 ddeseimothesnatixatddsahdtysubstentialiy cotripeiseecond
material. 29 WD 02/ 16666 PCT/ US01/ 25856 59. A physical vapor deposition
target corpeisechAd atateRast about 50 vol % matrix and an approxi nmately
honogenous di stribution of a powder throughout the matrix, the matrix
conprising a first netal and the powder conprising a second netal. 60. The
target of claimb59 wherein the powder exhibits particle sizes no
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greater than about 325 nesh. 61. The target of claim59 wherein the first
nmetal conprises Se and the second netal conprises Ge. 62. The target of

cl aim 59 wiereions t he first netal conprises Se and the sepPOHVISOWE25836
conprises Ag. 63. The target of claim59 wherein at |east one, of the first
metal and second netal conprise a plurality of netallic elenents. 64. The

target of aim59 wherein the matrix conprises substantially al] of the
1ot ot A9-andh @RES CAbYARAHEPSRHORIPISS GRETHT BING e SR LERaHt A 1% G5 The
target of claim59 wherein the target exhibits a bulk density of at |east
about 97 umatrixanshareppXximetaly hpmaenegs gistibeiss eiGT posder fggeghoets. A
physi cal vapor deposition target conprising a continuous matrix of Se
encapsul atthegnatnixaihe matrivacarhyrisingeofisboretali sid theyidvederafonap isingl ar

t hroughout the Se matrix, the powder conprising at |east about 99.99 wt %
of at | easdecong rRétalAd or Ge on a netals basis and the target exhibiting a
Se matrix with a conbined Ag and Ge content from about 25 to about 50 wt %
67. The target of claim66 wherein the target conprises at |east about 50

ol % matri 6 ; i | 7! : ise
\s{ubstantila y ﬁwg{ﬁg%ﬁ%w@ﬁgﬁﬁb@ég'fﬁgm Sr{b&ﬁlﬁtg{?%ﬁ%%ﬁsﬁ)%%@bfhz Ag or

(C)E]\:-J. a:39|. elh&ereg?érQﬁéng oﬁ% gégane%hMerel n the target exhibits a bulk density

61.  The target of claim 59 wherein the first metal comprises Se and the

second metal comprises Ge.

62. The target of claim 59 wherein the first metal comprises Se and the

second metal comprises Ag.

63. The target of claim 59 wherein at least one: of the first metal and second

metal comprise a plurality of metallic elements.

64. The target of claim 59 wherein the matrix comprises substantially all of the

first metal and does not substantially comprise the second metal.

65. The target of claim 59 wherein the target exhibits a bulk density of at least

about 97 % of theoretical density.
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about 98 % of theoretical density. 70. The target of claim66 wherein the
powder - conprises about 99.99 wt% GCe. 31
WO 02/16666 PCT/US01/25856

66. A physical vapor deposition target comprising a continuous matrix of Se
encapsulating an approximately homogenous distribution of a powder throughout
the Se matrix, the powder comprising at least about 99.99 wt% of at least one of
Ag or Ge on a metals basis and the target exhibiting a Se matrix with a

combined Ag and Ge content from about 25 to about 50 wt%.

67. The target of claim 66 wherein the target comprises at least about 50

vol% matrix.

68. The target of claim 66 wherein the matrix comprises substantially all of the

Se and does not substantially comprise the Ag or Ge.

69. The target of claim 66 wherein the target exhibits a bulk density of at least

about 98 % of theoretical density.

70.  The target of claim 66 wherein the powder comprises about 99.99 wt%

Ge.
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