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i mpuri f'€8Yfrom the sputter targets into the thin film absorber |ayers can
al so cause PRpAHS vaioe Bépositidn based [prabises, dad pardcularly 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 sputier 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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melting in a mold to produce a sputter target body having a sputter target body

-

composttion 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

30 approximately 2N7, and wherein the chalcogens of the at least one chalcogenide alloy of
the sputter target body comprise at least 20 atomic percent of the sputter target body

composition.



Figure 4 is an exanple plot showi ng the atom c percent or weight- percent
of indiumas a function of tenperature in degrees Cel sius. Fi gures 5A
and 5B illustrate diagrammatic top and cross-sectional side views,
respectively, of an exanple sputter target. DESCRI PTI ON OF EXAVPLE

EVMBODI MENTS Particul ar enbodi ments of the present disclosure are
related to sputter targets for depositing sem conducting chal cogeni de
films and net hods of fabricating such targets. Specifically, one aspect
relates to providing high density, low inpurity sputter target solutions
for chal cogenide (single or mxed) sem conducti n terials,fqr deposition
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chal cogeni de alloys or..conpounds with particular purity, density and"

m crostructure properties or requirenents. By way of exanple and not by
way of "l npRakFrPESERPAOROF THRBRAWINGS Tanuf act ured sputter targets
may be co T Tous chal cogenrdes 1 ncluding; nercury.tellurid
(HgTe), | ed sul Figure i(iph Spwehagilbwsiratingra eeiwﬁﬂép,rocw%mt @M‘ﬁ?ﬁ‘%‘éﬂgﬁ‘ ?‘?’Bﬁ‘g) ,
cadm um Su%l;dﬁ?%aé%%gs , cadm um sel enide (CdSe), cadmumtellurium (CdTe),
zinc sulfide nNS), zinc selenide (ZnSe), zinc telluride (ZnTe), tin

. tel luride (SnTeFigumdnpe flosiwhért dstrating an example process for manufacturing an example

sputter target. 7 .
| Figure 3 is an example plot sh_owihg. the atomic percent or weight percent of selenium
' as a function of temperature in degrees Celsius. _'
Figure 4 isan éxample plot showing the atomic percent or weight percent of indium

as a function of temperature in degrees Celsius.

Figures 5A and 5B illustrate diagrammatic top and cross-sectional side views,

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.
Speciﬁcaily, one aspect relates to providing high density, low impurity sputter target

solutions for chalcogenide (single or mixed) semiconducting materials for deposition of
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(e.g., CuS, CQu2S, or Cui.S (e.g., where x may vary fromO to 1)), copper
selenide (e.g., CuSe, Cu2Se, CuSe2, or Cu2Sei+" (e.g., where x may vary
fromO to 1)), copper indiumdisulfide (CulnS2 ), copper galliumdisulfide
(CuGaS2 ), copper indiumagalliumdisulfide, 20 (Cu(lni_Gax)S2 (e.g., where
x may vary fromO to 1)), copper indiumdiselenide (CtdnSe2), copper

gal I ium di sel eni de (CuGaSe2), copper indiumgalliumdiselenide
(CQu(lni,Gax)Se2 (e.g., where x may vary fromO to 1)), copper silver
indiumgalliumdisulfide (Cul "Agx)(Ini_y Gay)S2 (e.g., where x may vary
fromO to 1 and y may vary fromO to 1)), copper silver indiumagallium

di sel eni de (Cui Agx) (I nhyGay) Se2 (e.g., where x may vary fromO to 1 and y
25varies fromO to 1)), indiun1su|fide (In283), (In2S3). (Ga2S3)i-x (e.q.

where x may, vary fromO to 1 ar wher e S XL mat el y
oqual { Shiemedow gguty, B Sty Bih MR b G R RE R ud ot

(1 n2Se3)y ﬁlﬁ@ﬁ&@ﬁdp@rﬁmmy,ﬂmﬁnﬁrr@bxseﬁayzavwgs fihe bldwing descréytibn provides
partlcularly, where x is approximtely equal to O, 0.75 or

0.8), bimasHiinip cxamals gabpdmsns 9f Prosa¥ FAYRY PSEE P g8ot %ﬁz"é‘@%ﬂ‘ ’?Fﬁaa‘éﬁgwéjul fide
(Ag29), técﬂﬂ%ﬁ&ﬁﬂn%hféc%r&%s pulistigige®n sel enide 30 (Wse2), nol ybdenum
sul fide nmol ybdenum sel eni de (MbSe2), tin sulfide (SnS" (e.g., where
X may vary fﬂmmow emppgimenisythg é?féﬁPﬂ@cP%Qénﬁh’(‘@'e&ﬂt‘“&\ﬁ%‘fﬂéh%(sﬂﬁlﬁ?lﬂﬂar y

from1l t AR or ARG
2010/05f§§%%é?ﬁﬁggggéfé@§?%§ﬁ&hgﬁggﬁﬁﬁer tgpaets anﬁ%?ggﬁF?g§%h3e5|red
sem conducting thin filns deposited with such sputter targets produced
according to exanpl e enbodi nents described herein may include only a

si ngl e chal cogenide or, alternately, nultiple chal cogenides. A m xed
chal cogenide thin fil mmy produced using either a single sputter target
that includes 5multiple chal cogenides or, alternately, a plurality of
sputter targets each containing one or nore chal cogeni des produced
according to the processes described herein. It should be noted that the
nunber, types and specific conbinations of such di fferent chal cogeni des
may vary wdely in various enbodi nents. However, in particular

enbodi nents, the concentrations of the chalcogens (e.g., S, Se and/or Te)
are at least 20 atom c percent in the sputter target

2b



10chal cogeni de al |l oy conpositions. Two exanpl e processes for
manuf acturing sputter targets, such as the afore-described sputter
targets, will now be described with initial reference to Figures 1 and 2.

Based on yw§eméisky, density, microstructure and conppsitikRiddszsos
requi renents of a particular application, the sputter targets nay be
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i 11 ust righlade Melofuik BheEieRGRade0 Figure 1 begins 25with providing one or nore
ingots at 102 that collectively (iont ain the _{{?t eri %lfélg% (ﬁe.%., el.enent al
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conposi rrppstiesor reguirempnis-eBy way whexsmphond fohboway eflinittion et vel y, but not

A e e A D i

chal cogeciudiag: arcecuty teBurdderfiglie)ded sulidy (B, leq prilaade (Pbhe)i led telluridowever, any

gas, .or i\nkage porasiti can.be preye usin i.difi { on .of the
i nglot ( S@E{E‘f)’ 53%38\”5 S“@@e %@%fﬁaﬂ’%’ié@ﬁv‘&%& 6@%8?%@%%“%49%2%1 (r%léltc e (e.g.,
a cool isaffideqZas), ens sdibade @ppeRxintadiatijle (@300), de glkede GrITs), usppeesulfidaut e) .
In partjcul ar. enhodi nents, the density of as-cai)t) in ots1 can be enhanced
t hr ougHEeBo<1USe 58S Al e s S8 -CHTOR B VERETIME & DIFOPRG SEIBYISEEof exanpl e,

hot i sostet L6, 9or €8S, NG GRELL, (QEheheRANEH) VAafba tm)béksifﬁpuﬁmm anbi ent or
el evated tenperatures an ressures. Based on the 5ductility and

wor kabi disulfidefCuinfe )agoppsy cabiivardisriidr Cutan: heorpes diyan iy diseliden some

pardqy c e i t > h&a kit . t hance t he

e £ R TR B o VAR B D L Lop ol IS, R LCnc K Rnsel)

cont ai riopper gailiumedisdlemgdaiCaieit:3, coppsr findiem @allivordisldnsled Codmt-GianSeg any | ow
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yGdy)S, (e.g., where x may vary from 0 to 1 and y may vary from 0 to 1)), copper silver

indium gallium diselenide (CujxAgy)(In;.,Gay)Ses (e.g., where x may vary from O to T and y

25  varies from 0 to 1)), indium sulfide (InSs3), (IneS3)(GazSs)i« (e.g., where x may vary from 0
to 1, and, particularty, where x is approximately equal to 0.2, 0.35, 0.5, 0.75 or 0.8), indium
selenide (InySes), (InpSes)(GazSes)« (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 (BizSe3),
antimony sulfide (Sb,S3), silver sulfide (Ag,S), tungsten sulfide (WS,), tungsten sclenide

30  (WSe;), molybdenum sulfide MOS,;), molybdenum selenide (MoSe;), tin sulfide (SnSy (e.g.,
where x may vary from 1 to 2)), tin selenide (SnSe, (e.g., where x may vary from 1 to 2)),
copper tin sulfide (CusSnS,4), among others.



10l n one exanpl e enbodi nent, the afore-described sputter targets may be
manuf act ured usi ng as-cast ingots as provided at 102. However, in sone
particul ar enbodi nents, as descri bed above, the as-cast ingots may be

subj ecte ,cast densification or solidificatio By way of
exanpl e, (%%%g 19@%&?1 densification of the as-cast ingot gcglilsz}@j%rzr% be
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or (2) powder metallurgy, as described and illustrated, by way of example and not by way of

limitation, with reference to the flowchart of Figure 2. It should be noted that the processes
described with reference to Figures 1 and 2 may cach actually include one or more separate
processes although the processes described with reference to Figures 1 and 2 are each

20 described and illustrated in conjunction with a single flowchart.

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
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al l oy conpositions, can be fornmed with ingot netallurgical techniques as
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target gl LS ammesidons containing single or mxed chal cogenides with or
wi thout doping el'ements. Again, in particular enbodi nents, the chal cogens,
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sputt Clof e\:é\é%gl(g}\%/cgén% %15 i']'nl:e)ggasur%%&%g/(g g.,215r1%gction, 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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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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can be a nonolithic*ody or an asSenbly of several nonoliths or tiles. The
tar get lbsdym0becrose diurthermore, 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 meli-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
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sputter target is formed using a Culn master alloy and Se. In still another example
embodiment, the sputter target is formed using a CuSe master alloy and In. The sintering
15  may be performed, by way of example, at a temperature of approximately 400 degrees
Celsius using a conventional furnace for approximately 3 hours and then coeled to room
temnperature. As this sintering temperature is higher than the melting temperatures of Se and
In; densification happens with liguid phase sintering. The D50 ratio of the Cu, In and Se
powder or the respective master alloys may vary in various embodiments between
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)
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15 herein that a person having ordinary skill in the art would comprehend.



conprises one or nore doping elenents. 10 6. The sputter target structure
of Claiml1, wherein the target body shows nostly equi axed grains having
aspect ratios of less than approxinmately 3.5. 7. The sputter target
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carbon (C) impurity less than 500 ppm, wherein the chalcogens of the at least one
10 chalcogenide alloy comprise at least 20 atomic percent of the target body
compeosition, and wherein the at least one chalcogenide alloy has a density of at least

95% of the theoretical density for the chalcogenide alloy.

2. The sputter target structure of Claim 1, wherein the chalcogens of the at [east
15 one chalcogenide alloy comprise one or more 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 Cuy Sy (where x
varies from 0 to 1)), copper selenide (CuSe, CuzSe, CuSe;, or CupSe;+x (Where x
varies from 0 to 1)), copper indium disulfide (CulnS; ), copper gallium disulfide
(CuGaS, ), copper indinum gallium disulfide, (Cu(In;.«Gay)S; (where x varies from 0

25 to 1)), copper indium diselenide (CulnSe;), copper gallium diselenide (CuGaSe;),
copper indium gallium diselenide (Cu(In;.,Gay)Se; (where x varies from 0 to 1)),
copper silver indium gallium disulfide (CuyAgy)(In;.yGa,)S, (where x varies from 0
to 1 and y varies from 0 to 1)), copper silver indium gallium diselenide (Cuy.
«Agx)(InyyGay)Se, (where x varies from 0 to 1 and y varies from 0 to 1)), indium

30 sulfide (In;S3), (InyS3)(Gaz83)1x (Where x = 0.2, 0.35, 0.5, 0.75 or (.8), indium
selenide (In;Se;3), (InySes)(GaxSes)ix (where x = 0.2, 0.35, 0.5, 0.75 or 0.8), bismuth
sulfide (BizSes), antimony sulfide (ShyS3), silver sulfide (Ag,S), tungsten sulfide

10



W2010/ 051351PCT/ US2009/ 062505 9. The nethod of Caim 8, wherein nelting
the one or nore ingots conprises nelting the one or nore ingots using a
vacuum or inert gas nelting process at a tenperature of approximtely 200

degrees Geb Siibasigiove the liquidus in vacuum 510. Theppptbpds0hsS @i m 8,
wherein soliditfying the one or nore ingots after nelting rna rqu

conpri ses stitdl Q. _agit.atj he or e, ts.after Lt.l.ng in
the mord. 11" Seidhilen gt (S sors el RIS MARR o B e SRl % ror e

i ngot s conpr(Muess,)1@salifidh Sysn@vhchex s Gomnidiba)), tig edisnidd (SaSeqeihkmre rat e

| ess than appr.oxjmately 1000 degrees. Celsius . per mnute. 12. The method of
Cl aim 8, furt®hét E‘Bn‘ﬁ?%gi P ORB" ltna?“‘]rﬁdﬁéc‘é”fsﬁgﬁi tive inert gas pressure
greater than 0.01 mlliTorr during the nelting and solidification. 13. The
met hod of Claim 8, wherein the one or nore ingots are as-cast igj%gts. 14.
The et hod of O dibgsputter rgahstlructsrpf Ciimd. ghaspadhd 2 deastnae shalcegenidpr e
ingots to a pests i i | OF olidification process. 15. The
nmet hod of G%%%’ﬁ@& grﬁg?ér?dgg%}) églﬁeﬁ%io he one or nore as-cast ingots to a
post-cast densification or solidification process conprises subjecting the

one or nore as-cast ingots to hot i tatic, pressi.n t ami.ent or
el evat ed ten%eraﬁf??gguq%ﬁgr%ﬁ %tg%culf’rggfeﬁlmtl’w}lgem em%e?b()dyrmﬁher
comprises one or more doping elements.

10
6. The sputter target structure of Claim 1, wherein the target body shows mostly

equiaxed grains having aspect ratios of less than approximately 3.5,

7. The sputter target structure of Claim 1, wherein the target body comprises an
15 average feature size of the largest microstructural feature of less than approximately

1000 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



16. The method of Caim 15, further conprising subjecting the one or nore
ingots after post-cast densification or solidification to one or nore
t her no- mechani cal wor ki ng processes. 3017. The nethod of Claim8, wherein

the chal eagensefbsit he at | east one chal cogeni de al | oy pePARILSE23E OF nore
of S. Sc, or Te. WD 2010/051351PCT/ US2009/ 062505 18. A nmet hod conpri si ng:

providing a /ol Ui Rt lain éﬂ%«h\é&kmauﬁgt@%@%fmsermgdts%dﬁqnﬁ@srtl cles

t hat coIIectlver conprise two or nore matérials, 1ncluding at | east one
chal cogen armeltitg theast oomereghgnts wsopDEYaCiyE oe ingrtegns melting orppodpta t hat

Logether ar & SAG & floitifl bl RaIGh ARSI, RRSRLGRREL 0° o o

mlling, or blending processes to produce a processed vol une; and

consol idating the_processe oI to. pr yce a sputter target. body having
a s%utter target b ayleg*eﬁﬁgd W oY O Sﬁ%ﬁ ﬁ’@ E‘fo’i‘@%’t@t’n@ hal cogeni de
al | oy; 10when&itifs Inhemsld cof Pﬁ&es@ﬁlﬁmgfb@h Qltld:ébn@bf ¥reQhgdihigtes pddrgr tar get
body has a chal cogenide alloy purity o | east apprOX| mately 2N7, and

wher ei n t he ieH¥iTe®)dens of the at | east one chal cogeni de al | oy of the
sputter target body conprises at |east 20 atomi c percent of the sputter
target body conposition. 1519. The nethod of C aim 18, wherein

consol i dat i rig thé’l}pm@sé@laimlﬁgmemmﬂiﬂiﬁ@gmn@pr moreangais eampriset

Pr eﬁ)s' ng, Elldl%plzé@l% Iogie: H%&%iirﬁ‘&ts ogﬁng Isalce%s% fla%%ppx%&m%ﬁgﬁ QMO@SSI sted

sintering proce
degrees Celsius per minute.

12.  The method of Claim 8, further comprising maintaining a positive inert gas
pressure greater than 0.01 milliTorr during the melting and solidification.
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
10 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



20. The nethod of O aim 18, wherein the chal cogens of the at |east one
20chal cogeni de all oy conprise one or nore of S, Se, or Te.

WO 201¢/051351 PCT/US2009/062505

18. A method comprising:
providing a volume of powder, the volume of powder comprising particles that
collectively comprise two or more matetials, inchuding at least one chalcogen and at
least one electropositive element or compound, that together are suitable for use in
5 forming at least one chalcogenide alloy;

subjecting the volume of powder to one or more mechanical alloying, milling, or ‘
blending processes to produce a processed volume and |
consolidating the processed volume to produce a sputter targct body havmg a sputter
target body composition comprising the at least one chalcogenide alloy;

10 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 comprises at least 20

atomic percent of the sputter target body composition.
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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