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of an alloy with other elements or even compounds like oxides, nitrides and carbides, among

others. Chalcogenide (both single and mixed) semiconductors have optical band gaps well
15  within the terrestrial solar spectrum, and hence, can be used as photon absorbers in thin film
based solar cells to generate electron hole pairs and convert light energy to usable electrical
energy.
Physical vapor deposition based processes, and particularly sputter based deposition
processes, have conventionally been utilized for high volume manufacturing of such thin film
20  layers with high throughput and yield. These thin film layers can be deposited by the
sputtering (in the form of reactive/non-reactive or co-sputtering) of high purity sputter
targets. Generally, the quality of the resultant semiconductor thin films depends on the
quality of the sputter target supplying the material which, similarly, generally depends on the
quality of the target’s fabrication. Providing manufacturing simplicity while ensuring exact
25  stoichiometry control can ideally be achieved by non-reactive sputter of high purity sputter
targets of the appropriate materials having the same stoichiometry. However, as some of
these materials have different atomic specie with varying sputter rates as well as different

melting points, achieving the exact desired stoichiometry in the thin film presents a
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Figure 4 is an example plot showing the atomic percent or weight percent of indium
as a function of temperature in degrees Celsius.
Figures SA and 5B illustrate diagrammatic top and cross-sectional side views,

20  respectively, of an example sputter target.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Particular embodiments of the present disclosure are related to sputter targets for

depositing semiconducting chalcogenide films and methods of fabricating such targets.

25  Specifically, one aspect relates to providing high density, low impurity sputter target
solutions for chalcogenide (single or mixed) semiconducting materials for deposition of
stoichiometric, low impurity, high density thin film absorber layers for photovoltaic device
applications, and particularly, thin film based solar cells. The following description provides
multiple example embodiments of process routes based on ingot and powder metallurgical

30 techniques in manufacturing such sputter targets.

In various embodiments, the semiconducting thin films resulting from the sputtering

of such targets may be either intrinsic semiconductors or extrinsic semiconductors. By way
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disulfide (CulnS;, ), copper gallium disulfide (CuGa$; ), copper indium gallium disulfide,
20  (Cu(In;«Ga,)S; (e.g., where x may vary from 0 to 1)), copper indium diselenide (CulnSe»),
copper gallium diselenide (CuGaSe;), copper indium gallium diselenide (Cu(In; xGay)Se;
(e.g., where x may vary from 0 to 1)), copper silver indium gallium disulfide (CujxAgx)(In;.
,G2,)S> (e.g., where x may vary from 0 to 1 and y may vary from 0 to 1)), copper silver
indium gallium diselenide (Cu;xAgy)(In;.yGay)Se; (e.g., where x may vary from 0 to 1 and y
25  varies from 0 to 1)), indium sulfide (In,;S3), (In;S3)x(Ga283)1« (€.g., where X may vary from O
to 1, and, particularly, where x is approximately equal to 0.2, 0.35, 0.5, 0.75 or 0.8), indium
selenide (InySes), (InxSes)x(GazSes) i (e.g., where x may vary from 0 to 1, and, particularly,
where x is approximately equal to 0.2, 0.35, 0.5, 0.75 or 0.8), bismuth sulfide (Bi>Se3),
antimony sulfide (Sb,S3), silver sulfide (Ag,S), tungsten sulfide (WS,), tungsten selenide
30  (WSe,), molybdenum sulfide MOS,), molybdenum selenide (MoSe), tin sulfide (SnSx (e.g.,
where x may vary from 1 to 2)), tin selenide (SnSey (e.g., where x may vary from 1 to 2)),

copper tin sulfide (CusSnSy4), among others.
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In particular embodiments, ingot metallurgy may be used for producing sputter targets
having alloy compositions containing single or mixed chalcogenides with or without added
doping elements (e.g., phosphorus (P), nitrogen (N), boron (B), arsenic (As), or antimony
(Sb)). In particular embodiments, the process illustrated with reference to Figure 1 begins
25  with providing one or more ingots at 102 that collectively contain the material(s) (e.g.,
elemental or master alloys) of which the resultant sputter target(s) are to be comprised (e.g.,
one or more ingots that each contain the materials for producing a sputter target having a
desired chalcogenide alloy composition, or alternately, two or more ingots that collectively,
but not individually, contain the materials for producing the sputter target having the desired
30  chalcogenide alloy composition).

As the chalcogenides are line compounds, they are typically brittle; however, any gas

or shrinkage porosities can be prevented using solidification of the ingot(s) at a very



In particular enbodi nents, ingot netallurgy may be used for producing
sputter targets having all oy conpositions containing single or m xed

chal cogenwdeasiwvisidsior w t hout added dopi ng el enents (e. @CTl/yshaspbasouis (P),
nitrogen (N), boron (B), arsenic (As), or antinony (Sh)). In particular

enbodi Meatfollehfie RE.QC 8T Solidd rdfet1ERtBLh Mpkdkimafetl BIUDRIcLfeeFTEKIS pir BGgite)s Wi th
providing one or nore ingots at 102 that collectively contain the |

mat er i al particgayembesimantst the densities aecashingsisspnde enpaneed threuahaost ¢agiie
sputter target.(s).are tq he cqmpris 0.1 0 I re.l at each
cont ai nd?IF‘Fég(f?il‘g’ger%es}n 50%; u%?%gj c‘?’ar?'goefgexé%B% ¢ aptl %Faglgtpq%gv r?gg@} ggltg?r ed

chal cogeshsdtdaidnoyettodP@sid irffient@r cidvh@t Nahsdryturds\wad pressmee Basgdbs thehat
collectively, but not individually, contain the mater. aIﬁ% for produ%ng t he

sput? er dueiflgeandaeriagilitel desilPBruehHgobeRiba&1s 0 SYPIEBRH BTN ICUR t he
chal COggﬂl'bggizne%setoltﬁé}ﬁm@rﬂ@&%ﬂi@gﬁwoﬁ( todlfndr eRhARE ke kit A reﬂﬁé"ﬁx‘é?@i hgny

gas or rrnkage porosities can be prevented using solidification o
i ngot ( s kadtmiaro¥engteentAlblylcechpositieny @ntpining lew aleltng alehents,svsh asian or

approximately 1000 degrees Cel sius per minpute). .|l articular enbodi nents,
the dendllfyp Ontaying gy {qvﬁ%{t’élgé’ ASH &0 éﬂ’&‘&@ S?‘Ffllﬁﬁ%‘r‘?np@%i’ %‘éeslfrfqﬁﬁéj
densi fi Epgcie%r\v&fdogvﬁ_e i ngots using, by way of exanple, hot isostatic

and/ o

pressin r other consolidation methods using anbient or elevated
t enp@r at ur es lanue prapyseembodiBasie theaorehiesdiedisputter targets wsykgbnanuiaetyed t he

all oy, such ingots can be .al so bjected in so articul ar. enbodi nent s
to ther HOTRELH i“(‘:géﬂ(t?S Wm’lﬂaf?tol%?uﬁf .erve]éﬁrhﬁ%ﬂeeﬁrﬁgul%e%nsﬁix%#ma%& aggfi ne the
ascast Qb&hided hbGleUhR asdhdt e BPMRP Bt bllgeGeCRPodi dHsn@Enkidatil éi ng el enent s,
such as Ga, or all ogs containing any |low nelting phases formed duri 89

sol i di f selidifieationaiyOhabe waymif exempledeass eashienstigstion pf haas-6asipgoss at 1

enbodi nent ,..t he. af escrll t t si ng
ne- cast Ty s RisRl PP EHMTRGTR Mol Fnbll S8 MR RN AR REa T N0,
as dgscih bt otboaabodimendsthe astast irgotssmapye fj<tdd te posictastalepsiitatoastt

densification or solidification at 104. By way of exanpl e, st. gast
densi f i d8f felipverd byhenre-pgehaniGalyeeing atl’d%- r%‘?mlHL?Sé’gﬁTeé‘@@ﬂn%gaWB? i sostatic
e PSR S LA RSP DR e
at 104 told emed objiot oHimgpforgiap.aoiang lotheo dkfongatains Pod&esdx@atgbmperafures
ther mo- rrrgncgri]r?gr] ib(}:/%\lfay of example, from ambient to approximately 50 degrees Celsius lower than
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In particular example embodiments, the ingots are then melted at 108 using, by way
of example, vacuum or inert gas melting (e.g., induction, e-beam melting) at temperatures of,
by way of example, up to approximately 200 degrees Celsius above the liquidus in vacuum
(at less than approximately 1 Torr). In alternate embodiments, the ingots may be melted in
25  open melters. In either case, the process may then proceed with controlled solidification at
110 (e.g., conventional or assisted by stirring or agitation) in a mold with a cooling rate of, by
way of example, less than approximately 1000 degrees Celsius per minute. This allows
sufficient time to remove impurities in the form of low density slags. Exact stoichiometry
control can be ensured even for alloys containing low melting high vapor pressure elements
30  (like Ga), by maintaining a positive inert gas pressure (e.g., greater than 0.01 milliTorr)

during melting at 108 and solidification at 110. The resultant sputter target bodies may then

be machined among other conventional processing.
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20  melter (base pressure ~ 0.8 Torr) at 725 degrees Celsius (e.g., above 200 degrees Celsius over
the liquidus), followed by controlled solidification (e.g., at a cooling rate less than
approximately 1000 degrees Celsius per minute). The as-cast ingot is cross-rolled (at 30
degree Celsius intervals), while the temperature at the surface of the ingot is in the range of
approximately 100-250 degrees Celsius, and in a particular embodiment, at least 50 degrees
25  Celsius below the solidus temperature. Spent targets of this alloy composition can also be
used as remelt stocks. Figure 3 is a plot of the atomic percent or weight percent of Se as a
function of temperature in degrees Celsius.
A second process for forming sputter targets using powder metallurgy will now be
described with reference to the flowchart of Figure 2. In an example embodiment, powder
30  metallurgy may be utilized for sputter target alloy compositions containing single or mixed
chalcogenides with or without doping elements. Again, in particular embodiments, the

chalcogens, particularly S, Se and/or Te, comprise at least 20 atomic percent in the sputter
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t he sol i dvbi2esdsmssipr ocess, breaking any col umarity i nPCmaseeoonexsvs uct ur e
by shear forces. Additionally, it should al so be appreciated that ingot

met al | uggyerdaby ¥&HpsRH ARt i}e@l_@lra_n?,ealro?%%%hi% thed'®l ddliticlvoshd @elglees t hei r
cost of ownership quite significantly. I'n a specific exanple enbodi nent of

a i ngot rr}imdeﬂﬂalﬁsgéldédl;, afpoconts oGy Bdridgsucarides andyutboridesraruedy ©6r ed usi ng
ingot nelt stoc el enental or remnel tocks) in a vacuum nelter (base
pressur 842Y f’%‘reld;'fs_sr}gt_ p?zgerdgatfg‘églCéfeﬁeslimdéue e.g., above 200 degrees

Cel si us over It patibhlGtérabsdimentd utinxag FWdé‘;ﬁﬁétBMrgymhs bt fargead aron (e. g., at
a cooling rate | ess than approxi mately 1000 degrees Cel sius, per mc{)ut e).
The &s- wsufactgrst using worRedes(s) prgvidst aBdjefpwed brmechanicah pleXiag a§d/o5hj | e

the te f ' I Syl ;

appr oxi 0y By Eh G bbb EryEDBEReRerkif dritfGh fordis olimbARGE B qmized, oy
Iﬁast F?]adtegal&g&) 8108 whidhab then tfbidoveal bycdomsdlalatien at 2(06ein, I8peay of exagwls  of
this alloy conposition can also be used as renelt stocks. .Figure.3.is a
plot of afdd at g eroseresnd/riemBTTaIEeSy &R BRI SGIRIE Rbpdimetieoiline

tenper at i all Lk Gﬁ%v&ﬁ%t%ﬁ!ﬂ% andtoP ESROUAOA GRIRodsOdpulter 1 J3es HRHbd er
targets” using powder nmetal lurgy wi |l now be described with reference to the
f | oW hafdrmet] vitlgehateo@enitin aldoy donaitios ereeteb S e nqual poerieeximeately PUr@f theay be

utilized for. sputter r get | oy c osi.tions containing single or m xed
chal cpg%?&@%@ﬁty&ft@fgﬁ%%ﬂ&%?’ﬁgg%%ﬁ? I.mtj? gi“ﬂl,té][for?’ PRt eul ar

embodi meRhiquid@r 6HARLESLRMSL 208 Haly GhUl@dd dheDr ni2fe 3fiA/a0iun] Bot rOstRIY, Bet at

| east 20 atomic percent in the sputtertarget alloy conpositions. Cenerally,

al | oy cowpletit piessing.toraventional{thermplo sintesingbquif gy palidbyiats) WenergyAs88§éni de,

[ oy _cimpett pieoriag charention . iy
manut ao NIRHO R R R-bother SR OF Gl sl s SARERa P

enbosli neintegingt iTh bdd agngNvERbodiBteal, blSBYompdttichp ebhtiniiglogeahsltiag elements
manuf act ured using raw powder (s) provided at 202 fol |l owed by ctfani cal
al | oyi née-&namsiting naintigsshagOstearess Calsaisychasdndrar 8 rﬁétagfe FHReH aw

o SRRl 20 NSNS 2 b e 2 L
pr essur esngenatiermie fpesxatipte e il the pargeiof approx exaely|0e2 Emizodi&qvEmt whegtimi zi ng
is the melting temperature of the alloy (typically estimated by DTA analysis) or 0.2 Ts to 0.8
20  Ts, where Ts is the sublimation temperature of any of the chemical components in the alloy.

In particular embodiments, sputter targets made using powder metallurgy as described
with reference to Figure 2 show an average feature size of the largest microstructural feature
less than 1000 microns. Furthermore, the microstructure can de designed accordingly by
suitable selection of the starting raw powder(s), the respective particle sizes and their

25  distribution and specific surface areas. In a particular embodiment, the ratio of the particle
sizes of any two component powders is in the range of approximately 0.01 to 10.

Particular embodiments utilize the mechanical alloying of elemental powders of
different atomic specie. Alternate embodiments may utilize rapidly solidified (gas atomized)
or melt-crushed master alloys of the exact nominal composition of the chalcogenide in the

30  desired thin film. Still other embodiments may utilize a judicial selection of one or multiple

master alloys in combination with another single metal or another master alloy. In particular

example embodiments, the master alloys can be designed to enhance the electrical



judicial selection of raw materials and/or consolidation nethods, sputter
targets nmay be formed wth chal cogenide alloy densities greater than or
equal to wppoowismstiel y 95% of the theoretical density ofcrhms2@bloeysos By way
of exanple and not by limtation, exanple techniques for consolidation at

204 may o RekHAS ONBe RisulRTtGp@ier HBGUUR Ny BE §RSifRally heful OGSk AN 6r
pressing, conventional (thermal) Sintering (li C1UI d or solid state) or

energy agsi kvedeltimgeointinsalsontamingaglqys.orksrs the lowrmeiingpictal srydsargy
assisted,sintering.is spark plasm sinteringd..ln e exanpl e enbodi nent,

al oy cBHYS iaflfiél??g’bc?d’ﬁ?‘%sﬁeidndé'ef %Wuﬁél“fller{d)r% ésrr\glnntdggv(e. g., a melting point

| ess than 300 cdQARas prlchial Shbsdigdenas etamplésputer tapdiemasuthttaelde el ement
are consol i dated at 2(5)4 using liquid phase sintering processes._ A suitable

si nteri Agpordingéy te powdprmpetatineicak iespriguessieseribed athigsrsst & Mgy oXeHat el y
0.2 Tmto 0.8.T I | L :

(typi calc?ryl}glélssfr}grrfrgh?%@g%§ CE%J’%REA})%& S (;rlg{r;l qﬁhggﬁgés?%%&gq{ggn%%%%Oglo'}éerfs t he
subl i rra1|si S@ar&ngﬂﬂé_ﬁé’ &rtifrése ik leaﬂﬁ&ﬁtomhﬂ)e@dmmgd&i chalmgmi%alk)yi pur'tti:afwﬁley. I n
particul ar enbodi nents, sputter tar s made usin e tal lur as
descr i beagwteh(¢%f@ﬁéh%1§0£eal i%‘@@ gfe é]ﬁ'éwt‘afﬁ taa{%%t_rag%gﬂ?aegép%r?%’ RS 8%’ t he

| ar gest g%eﬁﬁ?ﬁﬂﬂdﬂﬁfey[e‘gé tﬂaﬁarbydéﬁgxln%lsd lk!fillfl RQRuAN ¢ rAAarblHIChRVEBI®s the

m crost ructure can de desi gne ccordingly by suitable selection of the
st at@® i n¢hana\wOpepoler (s), the respective particle sizes and their

di stribution_and specific surface.areas a _particular enbodi . the
ratio of t he IHapg ?@Fgcsﬁl"?@gfécﬁm ‘f‘ﬁloa QBJr?gShgﬁ&erptS{/ﬁ%Fssm?%n&?cgurtgﬁgglpénge of
appr oxXi EBhRMoth] QhtdreBT-CLPE MAESE AowaIFD RdlhiBIRdrSate txdnhple einbedifratalnd cal

al l oying of elenental powders of different atom c specie. Alternate

enmbodi mepuiter tragetus fdringé usiagiadium swisiet piioyeand(radn st gnothen) exgmpiel t - cr ushed

master alloys o he exact nom nal Yy I L in the
desired e{nllho m?einF’r’rf’e gfui%ﬂ AT Er Ore%%‘gs?%%? ggér)rag{%s%{ ?I?%aen%gﬂj Eg?g{ﬂgi’ﬁlg el ection
of ofie @HayBeé gekfBhBedrdstvaly clckayplel at Lefipbnaire ofapdrdtimatedy hed degragl e net al
or another master alloy, In particular exarrfl e enbod'&gnts, éhe mast er

al | oys &stivseisingst epnaentionabinace don appraypatery Thewsa P ¢Pelgd ¥ ToPHRe

Rl ABH B Ry RERE b e or
met al iy, deasifitaiin lappehsavich liquid phasprsoteswe dTeves0 mtimef theitwldn apd 8eess
o pandar o hIrdspeRit HaStet Moy RNy I Paric2 BB im A Bflhedn®” 9°1 S
manuf ac ﬂogyvégr or the respective master alloys may vary
20  approximately 0.01-10. Figure 4 is a plot of the atomic percent or weight percent of indium
as a function of temperature in degrees Celsius.

The target body of the resultant sputter targets manufactured according to the
described embodiments may, by way of example and not by way of limitation, be a single
body of the nominal composition, such as that illustrated in Figures SA and 5B, or a bonded

25  assembly where the target body of the intended nominal composition is bonded to a backing
plate using bonding processes employing, by way of example, any or all of adhesive
(polymeric or non-polymeric), diffusion bonding, solder bonding or other suitable material
joining processes. The target body or target bonded assembly may be disk-shaped, circular,
or elliptical in cross section in some particular embodiments. Figures SA and 5B illustrate

30  diagrammatic top and cross-sectional side views, respectively, of an example sputter target

500 having a top sputtering surface 502. In alternate embodiments, the target body or target

bonded assembly may take the form of a cylindrical solid with a circular OD (outer diameter)



according to the powder netallurgical techniques described wth respect to
Figure 2 may contain single or mxed chal cogenides with or w thout oxides,

nitrides wo 2bovisdass, etc, where S, Se and/or Te conpri seCatusk@a®t2589 at oni ¢
percent, with chal cogenide alloy purities of 2N7 or greater (e.g., the

chal coggpi/dea eﬂr&&éﬁ(m (if¥fer Hfaﬁl&&}l twbHEh ltnay gRb bahiSedds d 1BaSbIOSsAUbIPUR ee,
gaseous inpurities |ess than 1000 ppmfor O N, H Individually, and carbon

(O | ev@VD tombsin &ﬁlélrptll@@mbpdmeﬂtm thmougpretetget wap fekahealogriod girprisngulag or

Cul nSe2 d f Cu,
i and S e R Rt B ARl BhBE R "Tar get i <

fornmed wsinegthac badyorMASk&mtay bﬂsévélfwrrﬁﬁohﬂhsl optilek| TR nidee boda;xmap be used to
enbodi ment, the sputter target is formed using a CuSe naster alhu¥ %nd I n.

The 3i ndepasifgPrEsF HEms varsnbiises OvByan a2 of é%‘é?bfﬁ’lf gxagple ANPERYBAY

appr oxi i QN r

aggroxiggée%y g%% gkgﬁﬁhﬁﬁgﬁtggdﬁﬁﬁﬁto rogﬂ¥?g%%eratayggﬁﬁégnﬂgé

Si nt er i dgpdndeiernadpplieations budhphay byt Wway of érexnipid, ttymgaeré/hmarhaatmmE&nqjartEalaand I n,
denS|f|cat| n happens wi.th |iquj hase sinterjng.. h tio of, the Cu,
In and S& s&mﬁ S1Bf trped brog@ Mﬁé@plﬁ%e&w d{?gg OFIH?V%VFF SIS

embodi n%fhsar%tdﬁﬁgm@ﬂﬂaﬁ&)}(r'l;ﬁitsﬁ% Qndlird& anE R d h2 rﬁng(éI @t OiquhRe atom c

percent or wel ght rcent "o diumas a function of tenperature in degrees
Cel $0 usmethre target body of the resultant sputter targets nanufactured

according to.the desc ed enbodi nent of exa
e B e T e e ST G Rt G
that il LughcAtRAtbR GBESMRAe@bstiRBnts Beren HANS Bets@SEAR b’rdwimey &kill e
target body of the intended nominal conposition is bonded to a backlnF

of

pl at e udhaast wonldi ceqppehsods Srilaslyp M@?ﬁer@PrqwlaWaghec@PP@}@ﬁﬁﬁlaéms gRRpIIassy!
adhesi Ve éno %lf ysngé’tlit&n(?nrs varﬁn&% %ngraﬁ&as argd Ifl‘l t't? IBQQ ﬂ{e mﬁﬁ:l (gl%odl?rﬁ&q%ng or

ot her s I'NI"Ag proce . ar get y or target bonded
aSS$ﬂb|%mmﬁyﬂ@ﬁa§M§&nﬁwWﬁg%hhmnygﬂM@{ﬂw@&tﬁ&Mdp@np&hmuh cross section in
sone particul ar enbodi ments. Figures 5A and 5B illustrate diagrammtic top

and cross-sectional side views, respectively, of an exanple sputter target
500 having a top sputtering surface 502. In alternate enbodi nents, the
target body or target



bonded assenbly may take the formof a cylindrical solid wth a circular 0D
(outer dianeter)and/or a circular ID (inner dianmeter), which nay al so be
used as awvoabmi@idse assenbly in the PVD tool. In still eChas:egiertoients,
the sputter target nay take the formof a rectangular or square piece in
whi ch t pg Adjget body of the intended nomi nal conposition can be a
nonol i t ¢ body or an assenbly of several nonoliths or tiles. The target
body mayfpeiswdetked és:deposit sputter filnms on substrates over an area of, by
way of exanple, approximately 2025 square mm and greater. Al though target
sizes may vary wi dely and woul d generally be dependent on applications such
as, by way of exappdpatter idfpetgthuchie &pflebeating®sdnicomiupang ¢haldogenidertibol, ment s
the target bodies would be | arge enough to deposit filnms uniformy over
cel I3 with af@BBi8RZapproxi mately 156 sq mmand | arger and nodul es in the

range of 1.2, ?aqg&rb%dgﬁgﬁéﬁsigg Be1RY; B5E erlal%j ﬁirgrilg) glﬂ{ﬁ hAAEOTERISSRnRk hiigpanges,

substitutions, Variation terations, Ications to the exanple
enbodi ment s perigiof at lkast apppeimaly2, gescondinnarnifies kiss than 300 partsapdr- woul d

conprehend. Sipilarly, where appraqpriat t en . clai encpnpass al

changes, su bE‘tl]ihtOH?PHHHOT PEY§R( ﬂ@&o%qnt ®)a§r}%§}@?ggﬁﬁgﬁﬂﬁﬂ%“f1ﬁi@% %‘Hga to the
| Tbodi _ . . . . . h h

exanpl e e Oﬁar@@&p%fg Wlae%man QO@%rﬁg\Qiklés'iéMltﬂchl%g@ﬁi ¥f 8Kkl leadt Bné he ar

woul d conpr ehe I's clalne : A sputter target structure
f or l@eposi t i ngplsmehtlentoy tomprisha lesgihitdaid pdreat ot depargeitegy a t arget body

pur Ly o Cat CPBEST ol ARG RIS 2o kst g5 hure R aTot FavE AESD FRafeady
par t s- per m | hsan,fiRPmEofcBtal MNGEYof Bk chilcbgdaRullol) , and hydrogen (H)
i ndividually, and a carbon (C) inpurity less than 500 ppm wherein the

chal cogens of the at | east one chal cogenide alloy conprise at |east 20

atom c percent of -4{he targe d 0 1t : I st one
chalcogenideaalIo}%ﬁgglgr%g%ggﬁvégecgﬁﬂ%gggﬁﬂgggﬁg?ygﬁ%gﬁE%%?g??%g%%gensity

forishe chal epgemiletgeaidt alloy Sompite onp bk e bBS0RYE, osTe.uct ure of Caim 1,
wherein the chal cogens of the at |east one chal cogenide all oy conprise one
or nore of S, Se, or Te.

3. The sputter target structure of Claim 1, wherein the at least one chalcogenide
alloy comprises one or more of: mercury telluride (HgTe), led sulfide (PbS), led
selenide (PbSe), led telluride (PbTe), cadmium sulfide (CdS), cadmium selenide

20 (CdSe), cadmium tellurium (CdTe), zinc sulfide (ZnS), zinc selenide (ZnSe), zinc
telluride (ZnTe), tin telluride (SnTe), copper sulfide (CuS, Cu,S, or CuyxSx (where x
varies from 0 to 1)), copper selenide (CuSe, CuzSe, CuSe,, or CuzxSei+x (Where x
varies from 0 to 1)), copper indium disulfide (CulnS; ), copper gallium disulfide
(CuGa$, ), copper indium gallium disulfide, (Cu(In;xGay)S; (where x varies from 0

25 to'1)), copper indium diselenide (CulnSe,), copper gallium diselenide (CuGaSe;),
copper indium gallium diselenide (Cu(In;.xGay)Se; (where x varies from 0 to 1)),
copper silver indium gallium disulfide (Cui<Agy)(In;yGay)S, (where x varies from 0
to 1 and y varies from 0 to 1)), copper silver indium gallium diselenide (Cu;.
«Agx)(In;.yGay)Se, (where x varies from 0 to 1 and y varies from 0 to 1)), indium

30 sulfide (In,S3), (InzS3)x(GayS3)1.x (where x = 0.2, 0.35, 0.5, 0.75 or 0.8), indium
selenide (InySes), (InySes)x(GaySes) .« (where x = 0.2, 0.35, 0.5, 0.75 or 0.8), bismuth
sulfide (Bi,Se3), antimony sulfide (Sb,S3), silver sulfide (Ag,S), tungsten sulfide

10



3. The sputter target structure of Claim1l, wherein the at |east one

chal cogeni de all oy conprises one or nore of: nmercury telluride (HgTe), |ed
sul fide (Wb3proidsexdisel eni de (PbSe), led telluride (PbTepcTasdomowmssul fide
(CdS), cadm um sel enide (CdSe), cadmumtellurium (CdTe), zinc sulfide

(ZnS), zinc ggls lﬂ@s&;@éeﬂlde %W's‘éz)t ﬁblﬂbﬁérﬂﬁ 6uAndeMOos,, r}n&@bdiemmhﬂs%le@ﬁme)

copper sulfide (where x varies fromO to |)

copper sel en(MesémlgesulﬁiiﬁZ(%S @u@e@x V@memnﬂ%ﬁ})xtl(lﬁﬁémée £Snpex (‘é@er? Kom 0
to 1)), copp fide er galliumdisulfide (CuGaS2
), copper mHi’Iu%r}god’il tﬁ@d? (Lﬂpp?’(térf S"I(,hesﬁe(%cﬁl“lgr?éx?‘%ax) S2 (where x varies fromO
to 1)), copper indiumdiselenide (CulnSe2), copper gallium diseleni de
(CuGaSe2), copper indiumagalliumdiselenide (Cu(lni -xGax) Se2 vvher

vari®s from 6 to Mhy sp@@prﬁége@wv@m offdpignd geharein dheptdenst ?I&feche gem

-xXAgx) (I ni - to 1 and aries fromO to 1)),
copgez(si : ver %D%ms\gégﬁﬁrﬁﬁ Oggm%gﬂ%}p . xAgx)(Iyn;/ -;/Gay) Se2 (Wnere)2<

varies fromO to 1 and y vari es fromO to I)) i ndi um sulfi de (1n2S3),
(1 n283) x(Ga2e3) |-x (where x = (ﬁ or 8 6 di um
sel eni de (I n2Se3) b ?F%éﬁ%t@fﬁ%%@)qf e‘?’léer?énlh‘btaiget 8o u °5.0.75 or

0.8), bisnut @oxﬁ §ésq>§c ]3%“% pinPAEMERRY sul fide (Sb2S3), si | ver sul fide
(Ag2S), tungste tungsten sel enide (Wse2), nol ybdenum sul fide

MOSP), nol ybdenum sel eni de (I\/bSe2) tin sulfide (SnSx (where x varies from

l1to 2)), sel |de SnSe ere var fr.o rtin
sul fi de (Cu4 eﬁpm L S ePTe L’t"?lffé?lﬂmée t(?fg &ﬁé%yn?hfws CPSH in the
at | east oneeamkéaog@las deving hﬁiécﬁ@ﬂ&fd)ﬁ@é% tRarlAppeskiselc ogeni de al | oy 5.
The sputter target structure of Claim1, wherein the target body further

conprises one or rmre dopi ng el enent s. 6 The sputter target structure of

o oo " ege! 1 shaid Shra R BoNTIRP Y WnGaH BB IbALN IR A5 ec!

rati os of |ess than 3 prOXI he sput ructure of

A aim 1, whenedrfgd Rentasigess th@@g@@ﬁﬁérbﬁﬁ&t@ﬁll fdM&feBc@fEleS‘s&EdﬂH@rchlmeteM t he

| argest mcrostructural feature of |ess than approximately 1000 m crons.
0 microns.

8. A method comprising:

providing one or more ingots, the one or more ingots individually comprising at least
20 one chalcogenide alloy or collectively comprising two or more materials, including at

least one chalcogen and at least one electropositive element or compound, that

together are suitable for use in forming the at least one chalcogenide alloy;

melting the one or more ingots; and

solidifying the one or more ingots after melting in a mold to produce a sputter target
25 body having a sputter target body composition comprising the at least one

chalcogenide alloy;

wherein the at least one chalcogenide alloy of the sputter target body has a

chalcogenide alloy purity of at least approximately 2N7, and wherein the chalcogens

of the at least one chalcogenide alloy of the sputter target body comprise at least 20

30 atomic percent of the sputter target body composition.

11



8. A nethod conprising: providing one or nore ingots, the one or nore
ingots individually conprising at | east one chal cogenide alloy or

col | ecti webyomospssisi ng two or nore nmaterials, includi ngcatusb@ass2sohe
chal cogen and at | east one el ectropositive elenent or conpound, that
toget her aregsui t gk enhehifd ¥ ain8 fWHidtéiAGndling: @k oheasioaniagehabmpgeni de
alloy; nelting the one or nore ingots; and soljidifying the one or nore

i ngot s af t er medting thg on;ommars| ingets Upng d yaeuuan Skt gas MaligerrasssiAtfavi ng a
sputter target bo C ifi [] Sl ] I : geni de
al | oy; mhere%ﬁm$ﬁ%%§fgg§§§?ﬁ%ﬁ§y?ﬁgpggég%?ggmgFﬁ%§t@$ﬁ®ﬁg&§gﬁgggggtarget
body has a chal cogenide alloy purity of at |east approximtely 2N7, and

wherei n the chal cogens of the at |e st,onekﬁ al cogeni de a|LOé of .t he
sputler targaf. bodyhesedraded CGhaim $ydiereip salidiRiing 18 0ns At Mg RR!S &fth t er

target body ﬁm%tai rﬁg'ld%oniﬁpigesrgﬁ 8610001t iRd MeBne WRRIOR! Mg bBlafibN@eliig one

or nore ingots cC rises nmelfting the one or nore ingots using a vacuum or

i nert gas melihegngddocess at a tenperature of approxi mately 200 degrees
Cel si us above the liquidus in vacuum 10. The method of Caim8, wherein
solidifying the one or nore ingots after nelting in a nold conprises
stirring or agitatihRgdihe SMaf 8 PR inRERdiSyias HRond®k hidigingdistddenprieésd. 11.
The nmethod of O aim38, wherein solidifying the one or nore |ngpts conpri ses
sol 1@i f yi ng sblidifyieg die omppemoroests at a godlgl iigdessdhan appraximptgly 1000

approxi mat el y. looqcﬂggrees Celsius per mnute. 12. The nethod of C aim8,
further compPFEERyCHENPEiRIMNY a positive inert gas pressure greater than
0.01 mIliTorr during the nelting and solidification. 13. The method of
Claim 8, wherein the one or nore ingots are as-cast ingots. .14. The met hod

of Claim 8, fldrthdheawsind ofi Flains Sofusker wginrﬁalgd%n@fmﬁ%gﬁ BTS2
post- cast degﬁéosj‘;ﬁergﬁ}éﬁg&tﬂﬁin col }nﬁﬁi&‘oﬁa&u&iﬂg IR RS and SoljdlfiatigRt hod of G aim

14, wherein € One or nore aS-cast gots to

15
13.  The method of Claim 8, wherein the one or more ingots are as-cast ingots.
14.  The method of Claim 8, further comprising subjecting the one or more ingots
to a post-cast densification or solidification process.

20
15.  The method of Claim 14, wherein subjecting the one or more as-cast ingots to
a post-cast densification or solidification process comprises subjecting the one or
more as-cast ingots to hot isostatic pressing at ambient or elevated temperatures and
pressures.

25
16.  The method of Claim 15, further comprising subjecting the one or more ingots
after post-cast densification or solidification to one or more thermo-mechanical
working processes.

30 17.  The method of Claim 8, wherein the chalcogens of the at least one

chalcogenide alloy comprise one or more of S, Se, or Te.

12



a post-cast densification or solidification process conprises subjecting
the one or nore as-cast ingots to hot isostatic pressing at anbient or

el evat ed wergpavmsiisnes and pressures. 16. The net hod of @caiusedS/061505t her
conprising subjecting the one or nore ingots after post-cast densification
or solidificagi onAtIget%@C%pﬁgﬁ$ t her no- mechani cal wor ki ng processes. 17.
The nmethod of Claim8, wherein the chal cogens of the at | east one

chal cogeni depaividiyg & yplumiessd porden thenpleme pf imywdss copprisiag pariicles gt hod

ogeni depeiicsye eualpriesy pomdcx | -
par i o ea i nit by 110 8e Pt b T i MiFa b QAR BPL °2 00

| east one chah&agerlREdpaitivaaghed e c@hpaindphasiogither &t euitbie for uswimpound,
that together are sui tagl e for use in formng at |east one chal cogeni de

al 1 oy; subj efarmirg atHeasy enushal@gedadiddyst o one or nore nechanical all oying,
mlling, or ' MRyilliapch

consol i dati nngl ﬁ%géngg%éé{é@g@g%gg?%%%&é ggggﬁgg?ghg&ggﬁg Etjaérr()?%ﬂaéf g(lat1 g’oéy havi ng
a sputter tabieatinggdycesespopioduce proogsedsvaigmtiwndat | east one chal cogeni de
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15 19.  The method of Claim 18, wherein consolidating the processed volume
comprises one or more vacuum hot pressing, hot isostatic pressing, thermal sintering,

or energy-assisted sintering processes.

20.  The method of Claim 18, wherein the chalcogens of the at least one

20 chalcogenide alloy comprise one or more of S, Se, or Te.
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