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Incorporatlon By R erence Patent Qﬂgﬂﬁ%ﬁ{lon Treaty Publication

WO 2008/ 063190 published May 29, 2008 (PCT/US2006/ 060757 filed Novenber 9,
2006) describes precursor conpositions for the formation of copper

sel eni de, indium sel enide, copper indiumselenide (CS), and/or copper
indiumgal liumdiselenide (CIGS) films. Patent Cooperation Treaty
Publ i cation No. W) 2008/ 0571 19 published May 15, 2008 (PCT/US2006/ 060756

filed Novenber 9, 2006) descri @'@gm%%é_i@)gmg@mof copper indium sel eni de
and/ or- copper indiumgalliums ndi um sel eni de and copper
selent de compogud | AR siggss B3LLArfndrehbs YgntshA tAL MRTESH LRBSACBAPLIGES.T ons
are incorporate
DE-AC36-08G028308 between the United States Department of Energy and the
"5 Alliance Sustainable for Energy, LLC, the Manager and Operator of the National

Renewable Energy Laboratory.

Incorporation By Reference

10
Patent Cooperation Treaty Publication No. WO/2008/063190 published May
29, 2008 (PCT/U82006/060757 filed November 9, 2006) describes precursor
compositions for the formation of copper selenide, indium selenide, 'copper indium
selenidé (CIS), and/or copper indium gallium diselenide (CIGS) films.
15 |
Patent Cooperation Treaty Publicatio.n No. WO/2008/057119 published May
15, 2008 (PCT/US2006/060756 filed November 9, 2006) describes the formation of
copper indium selenide and/or copper indium gallium selenide films from indium
selenide and copper selenide compositions.
20
The entire text of the aforerﬁentioned publications are incorporated herein by
reference which collectively disclose the desirability of using liquid-based precursor

compositions because of the relatively simple and numerous deposition techniques



reference which collectively disclose the desirability of using

| i qui d- based precursor conpositions because of the relatively sinple and
numer ous weposi/msan techni quest hat nay be used to deposipCTiuseovioonsi ol
precursor conpositions on substrates as conpared to solid state deposition
techni ques. Summary The fol |l ow ng enbodi nents and aspects thereof are
described and illustrated in conjunction with systens, tools and nethods
that are nmeant to be exenplary and illustrative, not limting in scope. In

var i ous. enpadi G cgRG, OlediRi Ang i IE ARGKE: IESEINRH PL PRl SER Rave, been

reduced or elintnate her enbodi S ar Irected to o

i nprovene xenmml ar > reparing a precursor |iquid based
nanFeri al ?:lto.?neo.aﬁ%drg)c%r' 5?3%(9%%%%?@?%%"@&8% scl osed having a copper sel eni.de
content defined by the fornula Cu Sey wherein x and y are each in the range
of 1 to 2. Such precursor conpositions are suitable for formng thin filns
on a substrate which may be used, fog exaggle, in sem -conduct or
applications such as for the prepara absorber |l ayers for solar

cells. .The process produces a |liquid based material that can be used in
deposi?ion techni ques that are easier, |ess expensive, and nore efficient

j : it t echni ques su¢h as_ vacuym depositi on.
%ﬁeuzfeznfgof(ﬂﬁh@ ?&Fo%ngeg%%lohinqgntse%ng %spects ﬁwereof are described ané)

illustrated in conjunction with systems, tools and methods that are meant to be _
“exemplary and illustrative, not limiting in scope. In various embodiments, one or
‘more of the above-described problems have been reduced or eliminated, while

10  other embodiments are directed to other improvements.

‘An exemplary process of preparing a ‘precursor~liqvuid based material (i.e.
precursor composition) is disclosed having a copper selenide content defined by the
formula Cu,Se, wherein x and y are each in the range of 1 to 2. Such precursor

15  compositions are suitable for forming thin films on a substraté which may be used,
for example, in semi-conductor applications _such as for the preparation of absorber

layers for solar cells.

~The process produces a liquid based material that can be used in deposition

20 techniques that are easier, less expensive, and more efficient to use than solid
based deposition techniques such as vacuum deposition. The precursor
compositions allow for deposition by such tech.niques as drop coating, dip coating,

spin coating, spraying, brushing, air brushing, stamping, printing, including ink jet



conpositions allow for deposition by such techniques as drop coating, dip
coating, spin coating, spraying, brushing, air brushing, stanping,
printing,wonreludsng i nk jetprinting, pouring, W ping, SErearisa@oandipther

nmet hods of applying liquids to the surface of a substrate. In addition, the
present precursor conpositions can be used to produce thin . filns with
addi ti onal advant ageous properties. First, the filns are essentially devoid
of oxygen in the form of oxygen-containing conpounds. The presence of
oxygen, fprintegamoueng, nwipirey, f smearofy eny geinerc ovetraidsi ofgappipipgo ulitisdy éo ghe CuO)
can lead to defects in the copper selenide filmleading to defects in the
absor ber $@fge dfa gubstcats. or Cl GS) which can adversely affect the energy
coversion efficiency of a solar panel. Another advantageous property is
obtained fromthe use of primary am ne type solvents (e.g. hydrazine) for
di ssolving a copper selenide starting material. \Wen copper selenide is

di ssol ved in tiReadditigitiye prasent pfeddiser Rorpopitibad esn beavsedgtoapredLied ittan
cont ai ni ng copper sel eni de conpounds essentially free of Cu2Se. Such

sol utignsfigRaiite aHBiﬂoﬁ’&Mbhﬂa?@o&g pRopRHRGUIFSEL, thOMNAS atd essartidly dehstd nal
conditions, which preferentially deposit thin filnms having a desirable

copper sehbeghyden PGS HH 0P Bxidentcontififg BoRduhds. Criee presehtdbf exjgeh, tdie
formation of 'CIS or CIGS thin filns useful in the fabrication of solar

Prgﬂlelnz aAEEz%GIie”G\' Yhe R6tnre XS BHyBEN-cBRATGIIM NG (€Y. 60Uy, Barrigaess Of
defects in the copper selenide film leading to defects in the absorber layer (e.g. CIS
or CIGS) which can adversely affect the energy coversion efficiency of a solar panel.
10
Another advantageous property is obtained from the use of primary amine
type solvents (e.g. hydrazine) for dissolving a copper selenide starting material.
When copper selenide is dissolved in the primary amine, Cu,Se precipitates Ieavihg
a solution containing copper selenide compounds essentially free of CuxSe. Such
15 solutions enable the deposition of a precursor composition under thermal conditions,
which preferentially deposit thin films having a desirable copper selenide

composition (i.e. predominantly CuSe) suitable for the formation of CIS or CIGS thin

films useful in the fabrication of solar panels.

20 Accordingly, an exemplary embodiment is directed to a process of making a
| precursor composition comprising: |

a) combining_ a solvent comprising a primary amine and a solute comprising

copper and selenium to form a preliminary precursor composition in the form .of a

solution;



precursor conposition conprising: a) conbining a solvent conprising a
primary am ne and a solute conprising copper and seleniumto forma

prelim nawg 2prigeerigor conposition in the form of a sol utcorgskyioabdsawi ng t he
prelimnary precursor conposition to precipitate a non-sol uble product
conprising Cu2Se; and c) separating the non-sol uble product fromthe
prelimnary precursor conposition to formsaid precursor conposition.

Anot her enbodinment is directed to a precursor conposition which conprises:
a sol uti on conpy akiwing CueSpeliatinarg ppecursorycoamasidionso lpsecpitatala nordesiab of
Cu2Se. In another enbodiment, there is provided a precursor conposition

whi ch comprodies corapssihg Cug®e;camapr i Si ng CuSe2 and hydrazine in which |igands
of hydrazine are attached to the CuSe2. In a still further enbodi nent,

there is provi dedsepatdting fthé Mmoseblublef @rodilt proadunti preliafinay pbsalrber
| ayer for a solar cell conprising CuxSey having no detectabl e oxygen
cont ai ni_ ngoAPaRItun tsfonhedaid precumsofl cympositieach from 1 to 2, and the sum of

x+y being in the range of 2-3, preferably where the copper sel enide
5 .
Another embodiment is directed to a precursor composition which comprises:

a solution comprising CuSe; and a primary amine, éubstantially devoid - of

,CuZSe.

10 In another embodiment, there is provided a precursor composition which
comprises:
a solution comprising CuSe; and hydrazine in which ligands of hydrazine are

attached to the CuSes.

15 In a still further embodiment, there is provided a thin film useful for the
production of an absorber Iayér for a solar cell compriéing Cu,Sey, having no
detectable oxygen containing compounds wherein x and y are each from 1 to 2, and
the sum of x+y being in the range of 2-3, preferably where the copper'selenide'
compound is at least substantially CuSe.

20

In another embodiment, there is provided a method of applying the precursor
| composition to a substrate comprising depositing a precursor composition

comprising CuSe; and a primary amine, substantially devoid of .CuySe, at a



conpound is at |least substantially CuSe. In another enbodinent, there is
provi ded a nethod of applying the precursor conposition to a substrate
conpri si yodepa®s4lng a precursor conposition conpri si n@CCaSe@oansia
primary am ne, substantially devoid of Cu2Se, at atenperature in which the
CuSe2 is converted to a copper selenide having an atomc ratio of selenium
of less than about 2:1 , preferably about 1: 1 . In addition to the

exenpl ary aspects and enbodi ments descri bed above, further aspects and
enbodi mentesnpeérbiurd ecehieh dpep QuSe, ivyonvetted ¢o@ecdppet beledideianig amdtdryicst udy
of the follow ng descriptions. Brief Description of the Drawi ngs Exenplary
enbodi mentaticasf@eleniums bf lebe thanaboek @riepesfdrablygaors 10f the drawings. It is

i ntended that the enbodi ments and figures disclosed herein are to be
considered illustrative rather than limting. FIG 1 is a schematic view of
a chemcal reaction of an enbodinent for form ng a precursor conposition;
FIG 2 is a trpcadditient®thaeRainplargrapactsoing epirydinedtsséésuribed asove,
function of processing tenperature for a given tine, representing exenplary
enbodi gentgthdrl dspetts and BritRliveRW Gill Yetathedappartit i refaréiiengo the
representing three enbodi nents in which the percent of copper in the thin

filmis agtdimngs @nddy $t08y of the following descriptions.

_ Brief Description of the Drawings

10
Exemplary embodiments are illustrated in referenced figures of the
drawings. It is intended that the embodiments and figures disclosed herein are

to be considered illustrative rather than limiting.

15 FIG. 1 is a schematic view of a chemical reaction of an embodiment for

forming a precursor composition;

FIG. 2 is a trace view of atomic percent of copper and selenium as a f;Jnction
of processing temperature for a given time, repreéenting exemplary embodiments;
20 |
FIG. 3 is a trace view of X-ray Qiffraction patterns, representing three
embodiments in which the percent of Copper in the thin film is a function of the

process temperature and duration of temperature treatment;



process tenperature and duration of tenperature treatnent;FIG 4 is a trace
vi ew of Raman spectral data of a precursor conposition, representing an
exenpl arywenbodivs|nat ; FIG 5 is a trace view of X-ray dipCirnmsedioomo3patt er ns
of precursor conpositions heat treated at different tenperatures show ng
changes in copper content; and FIG 6 is a trace view of a
thernogravinetric analysis/differential thermal analysis (TGA-DTA) scan of
a precursor conposition, representing an exenplary enbodi nent. Detai:l ed
Descri pti on A PiGcuisartravenyiewi ¢fi Ram@al spectreff dataeaf 4 precursorpt@oposition,i nk)
is disclosed which is suitable for formng a thin.filmon a substrate and
especi al | yegreseritiag minrexemptdry enfboddimerdnt ai ni ng a desired chem cal species
(e.g. CuSe) for use in formng a CI'S (copper-indiumsel enide) and/or C GS
(copper-indiunm galliumdisel eni de) absorber |ayer for solar cells. Copper
sel enide containing thin films are useful in the fabrication of C'S and/or
Cl GS absorber FEy e B 4 tace @leav of Xlag diffrhetictopatesrns of erealiesdrasperpasittbrishe

i ndiunigallium sel enide | ayer are placed into contact under reactive

condi t 5 onpehtrdNedratdiffe®nt wiperatrsy SMiwihd@iitdngeslin essaelcdntent;ara of copper
selenide is CuSe and it is desirable to forma thin filmof copper selenide
in which a high degree of ' ‘ :

FIG. 6 is a trace view of a thermogravimetric analysis/differential t.hermal
analysis (TGA-DTA) scan of a precursor composition, representing an exemplary
embodiment.

10 |

Detailed Descrip'tion

A precursor composition (also referred to as a precursor ink) is disclosed
which is suitable for forming a thin film on a substrate and especially for forming a

15 thin film containing a desired cherﬁical species (e.g. CuSe) for use in forming alCIS _
(copper4indium-sélenide)'and/or CIGS (copper-indium/gallium-diselenide) absorber

layer for solar cells.

Copper selenide containing thin films are useful in the fabrication of CIS

20 and/or CIGS absorber layers for solar cells. The cobper selenide layer and the
indium/gallium selenide layer are placed into contact under reactive conditions to

form a desirable absorber layer. An exemplary form of copper selenide is CuSe and

it is desirable to form a thin film of copper selenide in which a high degree of

selection for CuSe is evident.



selection for CuSe is evident.In an exenplary enbodi nent, there is provided
a process of formng a |liquid based precursor conposition or precursor ink
havi ng a wenriabbta4copper sel enide content, in which durcmgstée/op3ocess
undesirable Cu2Se is effectively renoved prior to deposition. The precursor
conposition can be applied to a substrate and sinultaneously thermally
treated in a manner which provides a thin filmhaving a target copper

sel enide content, preferably predom nantly CuSe and nost preferably having
a substantially 1: 1 copper-seleniumatomc ratio. An exenplary process as
represented by Figure 1 involves first dissolving a copper selenide
starting mat erinadn egergplarycémbadirient] tbeiEeis provided ai pracyssaoh foemimgl & édidsuch
as hydrazine to forma prelimnary precursor conposition. A precipitate of

i nsol ubl eb&setSprdcardoprodaibositiod dropfebarspr ésena@ngfa Hbsiradie rBpYerageiBtide
solvent. The precipitate can routinely be removed fromthe solutidn, such

as by fil eo@bhQin dRdhadurP@rtheipro@isi Mtlesirebid iC1GS8 i$ ieffutilebasptbvedesivr s or
conposition containing copper selenide substantially devoid of the .

undesi s ablg @Pegihw. CuBSepreBacar conipodBOnPESS iKY apbRsd A6t a Ofubkirgtes @hyt i on
and can be efrectively renoved, the resulting solution is substantially

devoi d of sfdaReamly tharRiiptRataniPe hBRRERWhthGRBYiIEEY |Lhidl dirh HhviiRpPasi ti on
to achi eve a desirable copper selenide profile. The resulting precursor

conposi ti eigbiScappRl s8Enike doRtertUbetdrably pradshingh®y 8LSE and most preferably

having a substantially 1:1 copper-selenium atomic ratio.

10 An exemplary process és represented by Figure 1 involvés first dissolving a
copper selenide starting mlaterial, e.g., containing CuSe, in a primary amine solvent
such as hydrazine to form a preliminary precursor composition. | A precipitate of
insoluble Cu,Se is formed, due to the presence of the primary amine solvent. The
precipitate can routinely be femoved from the solution, such as by filtration and/or

15  centrifugation, leaving a liquid based precursor composition containing copper
selenide substantially devoid of the undesirable spedes'CU2Se. Because Cu,Se
precipitates out of the solution and can be effectively removed, fhe resulting solution
is substantially devoid of Cu,Se and therefore can be thermally controlied during
deposition to achieve a desirable copper selenide profile.

20

The resulting precursor composition is applied to the substrate under elevated
temperature conditions sufficient to remove the solvent. During this thermal process
step, the selectidn of a deposition temperature and duration of heating controis the

species of copper selenide formed during deposition. In this way, the thin film can
7



tenperature conditions sufficient to renove the solvent. During this
thermal process step, the selection of a deposition tenperature and

dur ati on w0 2ne26g control s the species of copper sel ercaastanmeasiduri ng
deposition. In this way, the thin filmcanbe fornmed with at |east a
substantial, preferably all of the copper selenide in the formof CuSe. In
an exenpl ary enbodi nent, there is provided a process for producing a Cu Sey
cont ai ni ng precursor conposition wherein x and y are each from1l to 2, with
the sum obeXdimdil at RakhS su@ﬂgﬁlépfprgfegabwgmf el d'&?)pglf sSIghiE Mtk foPRPer
selenide starting material in a solvent conprised a primary am ne such
as hydrazigneych2H4 ) to forma solution (i.e. prelimnary precursor
conposition) containing CuSe 2 and an insoluble precipitate in the form of
Cu2Se. The precipitate is renoved in a conventional manner (e.g. filtration
and/or centrifugation), |leaving a copper sel enide containing solution at

h
| east substant Ierﬁhhgﬁiggfpﬁargf erfboRnehl RerePlsCRULRRE £ BRRARS! 0P Hrodidind ' "

processi ng. W razi ne as sol vent e i eve |
i iU n
A PR 2 aff@%%@ﬁ A

Isfjlkgt Ibsnalrtlrf/e %Pmt(ﬁ |geljﬁ%§baseéaqi?ep03| ?I "éém ﬁ§ dhs%g V'sriglr 3\ﬁ°§(§‘r§rfigel(ﬁ;8ﬁtrel oned
(e.g. spr @@Qrﬂﬂ:} ma e(?fal ﬁ\xggglbgnt%on‘?br QB %¥ Q%?’ﬁna?{/ afmrln)e such as hydrazine (NaH4)
to form a solution (i.e. preliminary precursor composition) containing CuSe; and an

insoluble precipitate in the form of CuSe. The precipitate is removed in a

10  conventional manner (e.g. filtration and/or centrifugation), leaving a copper sélenide
containing solution at ‘Ieast substantially free of Cu,Se (i.e. precursor composition)

for further processing..

When using hydrazine as a solvent, it is believed that the solution is
15 comprised of a coordination cémplex of copper, selenium and hydrazine in which
ligands of hydrazine are bound to the copper. The 'solution is applied to a substrate
such as glass, plastic, ceramic or the like by any of the liquid based deposition
techniques previously mentioned (e.g. spraying), for example at a thickness of from'
about 0.1 to 5.0 um.
20
The preéurs’or composition is heated during or after deposition to remove and
recapture the solvent which, in the case of hydrazine, results from the breaking of

- the ligand bonds between the hydrazine and copper, leaving relatively pure copper

selenide.



about 0.1 to 5.0 m The precursor conposition is heated during or after
deposition to renove and recapture the solvent which, in the case of

hydr azi neworesuldss4f rom t he breaking of the |igand bondeChasaseniihe
hydrazi ne and copper, |leaving relatively pure copper selenide. The
tenperature and duration of the heating step has been found to control the
atomc ratio of copper to sel eniumwhen the precursor conposition is
deposited on the substrate. Relatively high tenperatures favor the
formati on of the copper rich species (Cu 2Se). Relatively | ow tenperatures
favor the formation of the seleniunrich species (CuSe 2). Thus, raising the
reaction tenpeTid tnepdra@s ah@ duatid 6MPeCRAIRG st hasbeaR dolrVRS cbitfol

sel enium content. For exanple, deposition of the copper selenide precursor
conposi ti g @bmit FHBRARbPEEtOelériGM R thedfrebGrsdP B6mp¥diB6 e isdbdsitd8C
favors the formati on of ‘CuSe2- |f deposition is conduc?ed at about 175C to

225C, e. gon tibaustrald GRelalifelP hRFABHPRASUFREEIGIhé forflaBBn ofthd GBI 3icHT es

ri se above about 225C, the copper sel enide precursor conposition gradually

favorsst h§péd?és”ﬁ’§l§29@?iOfRetIéWeHﬁ_g@/Stiefrﬁﬂrﬁu@ézfg%r NeCRFALRH ¥5 tHeYs&BRuRR! | T g

the tenperature of the deposi'tion process within the tenperature range

descri bedri&b%}é@cieé heusent e"ﬁiu?,f rdidifg GREREECHR RIS aEPdTR B FalePhe
precisely controlled. Iri the formatTon of CI'S and CI GS absorption |ayers,
copper  sel&fel&dntd shd lower the selenium content. For example, deposition of the
copper selenide precursor composition at a temperature of from about 50 to 150°C,
where about 80°C favors the formation of CuSe,. If deposition is conducted at about
10 175°C to 225°C, e.g.,, about 200°C, the predominant species is CuSe. As
temperatures rise above about 225°C, the copper selenide precursor compaosition
gradually favors the formation of the undesirable Cu,Se. Accordingly, by controlling

- the temperature of the deposition process within the temperature rangé described

above, the content of the copper selenide compounds can be precisely controlled.

15
In the formation of CIS and CIGS absorption Iéyers, copper selenide layers
containing substantially pure CuSe may be used. Accordingly, an exemplary method
of forming a CIS or CIGS absorption layer is to deposit the copper'selenide layer at a
temperature of from about 150°C to 225°C, preferably about 200°C.
20

As previously indicated the duration of thermal processing is another factor
which assists in controlling the atomic ratio of copper to selenium. Generally, as
shown for example in Figure 3, the longer the duration of thermal processing at a

given temperature, the higher the copper to selenium atomic ratio. Thus, as shown



cont ai ni ng substantially pure CuSe may be used. Accordingly, an exenplary
nmet hod of formng a CIS or CIGS absorption layer is to deposit the copper
sel eni de wayeri/@t91a t enperat ure of from about 150C t o 2P&TUSpeiearsabl y
about 200C. As previously indicated the duration of thermal processing is
anot her factor which assists in controlling the atomc ratio of copper to
sel enium GCenerally, as shown for exanple in Figure 3, the |onger the
duration of thermal processing at a given tenperature, the higher the
copper toinsBigere 8nfoataogiven teahperatufdfiss. 200°GJdhailonger the duttioh af themmalen
tenperature (i.e. 200C), the longer the duration of thermal processing (ten
m nut es vprockssing ifienuhitites V4 efiviel @inates) htheathigherctheadtomio fativopihpespded to
selenium (i.e. 1: 1'vs. 1:2). The variance of tenperature and duration can
af f ect t heeleninbrefie. oft Ushe:2gleposi t ed precursor conposition as foll ows.
Assum ng- t he precursor conposition is prepared as shown in Figure 1, then
the precursor conposition may be deposited under heating at a tenperature,
for exanple, of 180C for five mnutes. The resulting film my be anal yzed
by X-rgy diffraed ivarahceof Hegipetatdde and/ dirafamedanSpreedtr hec oprehsef thegur e
4). If the atomic ratio of copper to seleniumfavors the species CuSe 2,

then the Heppsateaipisécuredr dditpsirRMsdd IoRBwS! ARsTMIgRe HéGRSbrVEbnstbitrOiS a
hi gher copper content. In addition or alternatively, the duration of the

f IhE; leset PRYaFEIN s BRBWAGN] FIGreas efieh @hd prédupsr donfpdsflichermalitaub&sdsiteli ch
under heating at a temperature, for example, of 180°C for five minutes. The
resulting film may be analyzed by ‘X_-ra'y diffraction (see Figure 3) énd/or Raman

10 Spectroscoby (see Figure 4). If the atomic ratio of copper to selenium favors the |
species CuSe,, then the temperature of the deposition step may be raised which
favors a higher copper content. In addition or alternatively, the duration of the
thermal tfeatmen't may be increased (e.g. from five to ten minuteé) which likewise
-favbrs a higher copper content.

15

Conversely, if the copper-selenium atomic ratio of the initial deposited
material favors the formation of Cu,Se, the temperature of the deposition and/or the
duration. of the thermal treatment Step may be decreased to thereby favor a higher
selenium content.

20

Primary amines such as hydrazine and liquid alkylamines (e.g. propylamine)
are used as the solvent for the starting copper selenide compound to form the
preliminary precursor composition. The term “preliminary precursor composition”

means the mixture of primary amine and starting copper selenide material prior to
10



favors a higher copper content. Conversely, if the copper-sel eniumatomc
ratio of the initial deposited material favors the formation of C'Se, the

t enper at we 20f1/mvbs4deposi ti on and/ or the duration of thectrhseemloodsneat ment
step may be decreased to thereby favor a higher sel eniumcontent. Primary
am nes such as hydrazine and liquid al kylam nes (e.g. propylam ne) are used
as the solvent for the starting copper sel enide conpound to formthe
prelimnary precursor conposition. The term "prelimnary precursor

conposi ti ¢’ remevel bfhehaniprécipieatef (QuoBeRT y[Thigi amoant! oft prirharyg ardipee.g.
selenide material prior tothe renoval of the precipitate (Cu 2Se). [The

anmount of hpdriapmeyisajiedter hanG stbitHioaweteamoenigeRAL IR IbRNe@ess (d.ghalsyRt i C
amount, e.g., in a large excess (e.g. about 60:1 weight ratio)]. Hydrazine

is not a eoMWAIght HRY. SV rabihe RS Y SECRRbAIyAIR dSSHIREN HeTaUSS tie?8 GRE ned
with its use. In the present process, hydrazine can be at |east

subst ant i ghfeYy f<8GEY B6REriBY WitB ifsh@eTln {HeCsreBBMR protedd) SyBFLMd 881 be at
conposition thereby enabling its use in the present process. To reduce the

amount 5 of |axdEadtARiaNG RN efd BiFRPIneembhReSRRPEbf 81 BRicHROr 2oAROSMEAT Y
am ne such as ethyl ene diam ne may be used as a cosol vent, or additional

cosol vent %é%%liﬂ@ﬁt@hse irPWRpréddmnrbceskr eferably having 1-6 carbon atons
(e.g. methano and.glycols (e.g. ethylene glycol) may al se be used. The
To reduce the amount of hydrazine needed to dissolve the copper selenide, a
secondary amine such as ethylene diamine may be used as a cosolvent, or
1d additional cosolvents such as water, lower alkanols preferably having 1-6 carbon
atoms (e.g. methanol) and glycols (e.g. ethylene glycol) may also be used. The
function of the cosolvent is to.enable the reaction to proceed with a reduced amount
of the primary amine. The amount of the cosolvent hay be up to the amount of the
primary amine.
15 |
in an éxemplary embodiment, the precursor composition can be deposited in
a single step heat treating method without resorting to multiple step processes in
which the last heating step is rapid thermal processing (RTP). In particular, the
solution of the primary amine e.g. hydrazine (with or without the secondary amine
20 e.g. ethylene diamine) and copper selenide may be heated and convérted directly to
the desirable copper selenide species as the solution is being deposited on the

substrate.

11



function of the cosolvent is to enable the reaction to proceed with a
reduced anount of the primary am ne. The anpunt of the cosolvent may be up
to the amwonbiabetithe primary amne. In an exenpl ary enbedirnsna1o/oodsel
precursor conposition can be deposited in a single step heat treating

met hod wi thout resorting to multiple step processes in which the |ast
heating step is rapid thermal processing (RTP). In particular, the solution
of the primary amne e.g. hydrazine (with or without the secondary am ne
e.'g. ethyl ene Rapidi thedmainsrocesirey (REPE[ definslyhdreirhaate teatird cagimentiad
directly to the desirabl e copper selenide species as the solution is being

deposi t edwaitht the targes filrtie hBariddtot therdsire@ tompemiturg i Rl Bhort simeekigedoher ei n
as a heating reginmen in which the target filmis heated to the desired

t enper at Upfyré Mhan ¥WHMinbteBE, TiRe desirétP téMpératiians trefintinbdt antil theenedringr ed
tenperature is maintained until the heating process is conpleted. In an

exenpl ary ,ARRasid ddrbiefed! i qui d based precursor materials, such as described
in WD 2008/ 0571 19 and WD 2008/ 063190, the precursor naterial is deposited
on thegsubstrate to forma thin film Thereafter, the filmis anneal ed at

hi gh tenperatures (i.e. 350C) to yield a copper selenide film containing

CQu2Se as the pledAERaRblafPaEpSstion Bf LRGP bESEN loreE REES fatétedd,| SigcHay be
conducted while :
described in WO 2008/057119 and WO 2008/063190, the precursor material is
deposited on the substrate to form a thin film. Thereafter, the film is annealed at
high temperatures (i.e. 350°C) to yield a copper selenide film containing Cu,Se as
10  the predominant species. In the present process, heating may be conducted while

the precursor composition is being deposited on the substrate in a single step

process.

It willibe understood that the one step heating process is exemplary and not

15 required. Thus, the precursor compoéitions descﬁbed herein may be initially
deposited. on a substrate at relatively low temperatures, about 80°C to 100°C and
thereafter treated at higher temperatures including rapid thermal processing to

convert the initial copper selenide composition to the CuSe in relatively pure form.
20 The present process does not produce significant amounts of copper oxides

and particularly the precursor compositions and films formed from such compositions

contain no detectable oxygen (i.e. less than about 0.1% of oxygen).

12



the precursor conposition is being deposited on the substrate in a single
step process. It will be understood that the one step heating process is
exenpl ar yweandiwmmsoinequi red. Thus, the precursor conposi Proms2desaersibed
herein may be initially deposited on a substrate at relatively | ow
tenperatures, about 80C to 100C and thereafter treated at higher
tenperatures including rapid thermal processing to convert the initial
copper selenide conposition to the CuSe in relatively pure form The
present procesphel @Se1ebntainitl precirgdti EodpositiGrnaepresentinge appembadindes and
particularly the precursor conpositions and films forned from such

conposi t i Makes efficRind uB® ofleéieRiiAbAR] PXereXerhplal): erhBsdimehfBbvaeditthe nk¥ey of
oxygen) . The CuSe contai ni ng precursor conposition representing an

enbodi menfor RASIe &datifg esl?épsusse@éus%ed:@se YENprstlick iR Relai@aIP |pake & oME Ment

obvi ates the need for multiple heating steps. Because CuSe is produced I n

relativel Mre@l:lfs%rf&'iﬁﬁostu'%ﬁspc'fa‘ﬁCHéStféredcé‘m&é&@nﬁacﬂl?élebtﬁe%ﬂﬁaﬁﬁrﬁ eftkyrel y to
facilitate the formatiori of, for exanple InSe2 with large crystal

gr ai n85'n fariplk! By ﬂs%gwm E'd?%téﬂ"gtré\ngr}?§%§hd SaaMel8foroRAR i se, embodi ment s

wll now efur’[he escri dbyt he foll owing, nonlimting exanples which

Wil serve to illustrate in sone detail various features. The foll ow ng

exanples are included to facilitate an understandi ng of ways in which
Examples '

Specific embodiments will now be further described by the féllowing,

nonlimiting éxamples which will serve to illustrate in some detail various features.

10  The following examples are incIUded to facilitate an understanding of ways in yyhich

| an embodiment may be practiced. It should be appreciated that the examples which |

follow represent efnbodiments discdvered to function well in practice,. However, it.
should be appreciated that many changes can be made in the exemplary
embodiments which are disclosed while still obtaining like or similar results without

15  departing from the spirit and scope of the claims. Accordingly, the examples should

not be construed as limiting the scope of the claims.

Example 1
A preliminary precursor composition based on copper selenide was prepared
20 by adding 1.42 g of commercial Qrade CuSe powder to 80 ml of hydrazine under |
stirring for three days. During this time a precipitate forms comprised of Cu,Se. A
solution having a clear green color and comprised of CuSe; in hydrazine was

isolated by removing the precipitate by filtration and/or centrifugation to form a

13



an enbodi mrent may be practiced. It should be appreciated that the exanples

whi ch foll ow represent enbodi nents di scovered to function well in
practi ce,woHomewesig it shoul d be appreciated that many ebangesionensibe made
in the exenplary enbodi nents which are disclosed while still obtaining |ike

or simlar results without departing fromthe spirit and scope of the
clainms. Accordingly, the exanples should not be construed as |imting the
scope of the clainms. Exanple 1 A prelim nary precursor conposition based on

copper sepeuder sadppsitear Adepresatidiidtgoflthé Zegetioh t6 9ieNEtnel melirgihade CuSe
powder to 80 m of hydrazine under stirring for three days. During this

time a prpeichisortembpesitidn 8AATHY Hredurgbr 3 Sesitich i8@hbwh diFiyavd g a cl ear
green color and conprised of CuSe2 in hydrazi ne wds isolated by renoving
the precipitate by filtration and/or centrifugation to form aprecursor
conposition. A representation of the reaction to yield the prelimnary
precur sor pgamphsetion ‘and the precursor conposition is shown in Figure 1.
Exanpl e 2 Seven sanples of the precursor conposition prepared in accordance

with Bxanpl e lsy@inesdnaabses thb%ré&lm&rwq%ﬁioﬁfpre&rb@ir{ﬂé&%rmcefmﬁ m nut es
as shown in Figure 2. Sanple 1 was maintained at roomtenperature and '

anal yzed EQsmBRPPHEreSEAREY HftehBtrftlfes FAUPRbB5Y° CFGHINEGHinARAYs showrFiAPPer
and 67% sel enl um , _ .
Figure 2. Sample 1 was maintained at room-temperature and analyzed for copper
selenide content. Sample 1 measured about 33% copper and 67% selenium.
Samples 2 and 3, heated to about 125°C and 150°C, respectively, showed a slight

10 increase in copper content to about 35%. In each of Samples 1-3, the predominant

copper selenide species is CuSe.

Sample 4 was heated to 200°C and analyzed for copper selenide content.

The émount of copper was approximately 39% and the amount of selenium was
15 approximately.61%, representing a mixture of CuSe; and CuSe. When the duration
of heating was extended to ten minutes (Sample 4A), the copper content increased

and the selenium content decreased.

Sample 5 was heated to 250°C and determined to contain approximately 60%
20  copper and 40% selenium. Sample 6 was heated to 300°C and found to contain
about 65% copper and about 35% selenium, while sample 7 was heated to 350°C
and found to contain about 67% copper and 33% selenium. Samples 6 and 7

contained a predominant amount of Cu,Se.

14



Sanmples 2 and 3, heated to about 125C and 150C, respectively, showed a
slight increase in copper content to about 35% In each of Sanples 1-3, the
pr edom nawmo 200pperi4sel eni de species is CuSe2. Sanpl e 4 wag/use@b@dstp 200C
and anal yzed for copper selenide content. The anount of copper was

approxi mately 39% and the anount of sel eniumwas approximately 61%
representing a mxture of CuSe2 and CuSe. Wen the duration of heating was
extended to ten mnutes (Sanple 4A), the copper content increased and the
sel eni um cont €efttusd8ampkeseld3 sBawpd @ fHedwminartareduntef 26@aiuandnderer m ned to
contai n approxi mately 60% copper and 40% sel enium Sanple 6 was heated to
300C and éssocitecdwitotiteadappabselenid® ¥pecipp SuSandSatnples B89d Eshewedm whi |l e
sanple 7 was heated to 350C and found to contain about 67% copper and 33%
sel eni um piSdopiremt Gmandt of coppermamearesagsoeidted witntheapeoies Mf,S€uXBe. Thus,
Sanmpl es 1-3 showed a predom nant anount of selenium and are associated with

t he coppeparsielianintitestpee semplsIeand Sanp ltestetnpenature sEngeed franpateeldm nant
anount of copper and are associated with the species Cu2Se. O particul ar

interest ag@cCsmAloes whend thebpradomirzat speaiey i8tGuSe whish¢s of ekeraplaapout 180C
to 240C where the predom nant species is CuSe which is an exenplary species

for form ggeddsTortfimiAd I PasPCIES absyreesiayers.

The data shown in the XRD écén of Figure 3 shows films deposited at
relatively low temperatures up to about 150°C are structurally amorphous. At these
10 temperatures the solvent is driven off and a composition corresponding.-to CuSe; is
observed but no peaks due io crystalline phases are observed by X-ray diffraction
(XRD). As the temperatﬁre is raised; there is a shift in the copper selenide content
favoring increased amounts of copper and decreased amounts of selenium, resulting
in a transition frofn CuSe; to CuSe. In the range of about 180°C to about 240°C, the
15  predominant species of copper selenide is CuSe. Above 250°C, t_he copper content

continues to increase until the predominant species is Cu,Se.

Thus, heating to a temperature of 180°C to about 240°C favors the exemplary
species CuSe. However, it is also important to note that the rate of selen-ium loss
20 . can be éontrolled by controlling not only the temperature but the duration of the
heating process. This is of particular interest in the temperature range of 180°C to

210°C as shown in Figure 3.

15



The data shown in the XRD scan of Figure 3 shows filns deposited at
relatively | ow tenperatures up to about 150C are structurally anorphous. At
t hese t empenatwmen4t he solvent is driven off and a conp®esirtisee0/000311
corresponding to CuSe2 is observed but no peaks due to crystalline phases
are observed by X-ray diffraction (XRD). As the tenperature is raised,
there is a shift in the copper selenide content favoring increased anounts
of copper and decreased anpunts of selenium resulting in a transition from
CuSe2 to CuSe. Figoret hshowesge Xerfay aliftractichBsd@ntad asdzonile PAdpared tmeaq@mﬂmmenant
speci es of copper selenide is CuSe. Above 250C, the copper content

cont i nues with Bxaompéas.e Thaksamptehgrepusdocompoditicpeas espositeGLeE? 88°C Bhuss, heat i ng
to a tenperature of 180C to about 240C favors the exenplary species CuSe.
However, plass Subdteate angehdanto havena ralativenyt loisheoppet & sdlesietneatomio fatiss can be
controlled by controlling not only the tenperature but the duration of the
heati ng pang aspealhise tethefpresericeai lcaystallinecpresiesiimtHeh¥RDe vpherather e range of
180C to 210C as shown in Figure 3.Figure 3 shows an X-ray diffraction scan

of a sgnplénperaRee @a@s irdiséd O2ORO0er Md Mirtted]the atbmid heticséfraplppentoecur sor
conposition was deposited at 80C on a glass substrate and shown to have a

rel ativel ¥eleRntRBREEed SligHlyeiNdliyabIoné Cubat hasdbdevedbyHRD A the t he
presence of crystalline phases in the XRD. Wien the tenperature was raised
to 200C f empdraRirdoN2OEE whdBraitGinke foran AdiforaPMaehirudes (i.e. heating at
206°C foré tofal of te-n minﬁtes), the copper to selenium ratio increased to an extent
that the predominant crystalline species'observed in the XRD scan changed from
10 CuSe, to CuSe. At a slightly higher temperature (210°C) held for ten minutes, Se

loss was even faster and Cu,Se was the predominant crystalline species observed

by XRD.

Thus, within a target zone of about 180°C to 210°C, the duration of heating

15 can be varied to further control the copper selenium content.

Example 3
Another sample (Sample 8) was prepared in a manner similar to Example 1,
except that the solvent used to dissolve the starting copper selenide material was a
20 - 1:1 weight ratio of hydrazine and ethylene diamine. The molecular signature shown _
in Figure 4 confirms the forrﬁation of a complex due to the presence of hydrazine
ligands coordinated to copper. The precipitate formed during the reaction (Cu,Se)

was removed by filtration and/or centrifugation to form the precursor composition.
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sel eniumincreased slightly and crystalline CuSe2 was observed by XRD. As
the tenperature of 200C was mai ntained for an additional five mnutes (i.e.
heati ng aw0200@96ar a total of ten m nutes), the copper PCo/Usedieodadm rati o
increased to an extent that the predom nant crystalline species-observed in
the XRD scan changed from CuSe2 to CuSe. At a slightly higher tenperature
(210C) held for ten-mnutes, Se |loss was even faster and Cu2Se was the
predom nant crystalline species observed by XRD. Thus, within a target zone
of about 180C The &50Engpheculsoraompoesitibnivest deapgsitechoh glasarsubstratesfatiat her
control the copper seleniumcontent. Exanple 3 Another sanple (Sanple 8)
was pr epateptberatuge ohhBEC (Sampla®), 135X Pahple,0).ereie2Q0°CH&amMpee14hl vent used
to dissolve the starting copper selenide naterial was a 1:1 weight ratio of
hydr azi nerezpdctetehy laed ehelieampenaturel for eaoh sambler asdepuaited evasmoaintainmed-fogur e 4
confirms the formation of a conplex due to the presence of hydrazine

| i gands coeondhutas edidube 6cppes X-Eydiffractorsdamsef Sanpiet gluniamg 4 GeSeeact i on
(Cu2Se) was renoved by filtration and/or centrifugation to formthe

pr ecursor figPagsssitbd ®F.phsicalagipot HEghsitiore UKs SowrDiRFigirei 5) film@ithatl@pesi t ed on
gl ass -substrates at a tenperature of 150C (Sanple 9), 175C (Sanple 10), and

200C ( Sarirgctdrally ant @3RpobitivRll, Cedelatehaatie bpepalyuiepobiion eatte mreantser as
deposited was nail ntai ned for

* composition in the temperature range of from about 150°C to 200°C.

Example 4

10 1.42 g of CuSe (obtained frbm Alfa, 0.010 mol) was placed in a 250 ml round
bottom flask with side-arm stopcoc.k and magnetic stir bar. The flask was capped
with a septum and evacuated and refilled with N,. Then 80 ml of anhydrous -
hydrazine (Aldrich) was added with a polyethylene syringe. The mixture was then
stirred for three days at room temperature, during which time a black, ch(.mky

15 material (CuSe) dissolved to give a dark colored solution and a grey precipitate
(identified as Cu,Se) thus forming a preliminary precursor composition. The mixture
was then transferred by a stainless steel cannula to two N;-purged 50 mi centrifuge
tubes and separated by centrifugation at 3000 rpm for fifteen minutes. The clear,
dark precursor liquid (precursor composition: Sample 12) was decanted via a

20 cannula into a purged flask and stored under N2. The color of the liquid lightened
with time in storage, becoming dark green within two days and then turning to yellow
over a period of a few weeks. This is thought to be due to the presence of small
amounts of highly colored polyselenides that oxidize over time in these septum-

capped storage flasks. ICP-AES analysis of this sample gives a Cu:Se ratio of 1:2
17



30 mnutes. Figure 5 shows X-ray diffraction scans of Sanples 9-1 1 and a
CuSe fil mdeposited by physical vapor deposition. As shown in Figure 5,
films thavoara/®syactural ly and conpositionally CuSe areCrameolopospr ay
deposition of the precursor conposition in the tenperature range of from
about 150C to 200C. Exanple 4 1.42 g of CuSe (obtained fromAlfa, 0.010
nol) was placed in a 250 mM round bottom fl ask with side-armstopcock and
magnetic stir bar. The flask was capped with a septum and evacuated and
refilled far this heuid anero #ds farmytatethay fusgs cosrdinalachy and disseMsd iks added
with a polyethylene syringe. The m xture was then stirred for three days at
room t enpeydaazine, Figurs Gghows 8T GA-RE Assaainad ke tigiich rprmngareple Ji2 aftaise)
di ssolved to give a dark colored solution and a grey precipitate
(i denti f i edipasticn26t)e hydiazine soivant whilsr ipung hshawspa ALPPeVISf theon. The
m xture was then transferred by a stainless steel cannula to two N2-purged
50 m centinfiloge tubes and separated by centrifugation at 3000 rpm for
fifteen mnutes. The clear, dark precursor liquid (precursor. conposition:
Sanmpl & 12) was decanted via a cannula into a purged flask and stored under
N2. The color of the liquid |lightened with time in storage, becom ng dark
green within tweilelaysnfed of bemplarynaspgctsangedrhbadinnests havediseodiisfusaed ew
weeks. This is thought to be due to the presence of small

above, those of skill in the art will recognize certain modifications, permutations,

additions and s'ub combinations thereof. It is therefore intended that the following
appended claims and claims hereafter introduced are interpreted to include all such
10  modifications, permutations, additions and sub-combinations-as are within their true

spirit and scope.

15
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anounts of highly col ored pol ysel eni des that oxidize over tine in these
septunctapped storage flasks. |CP-AES analysis of this sanple gives a Cu: Se
rati o of wo2bhowostdiss liquid and so it is fornul ated as EusaR2a@ooowinat ed by
and di ssolved in hydrazine. Figure 6 shows a TGA-DTA scan of the liquid
fromsanple 2 after evaporation of the hydrazine solvent while Figure 4
shows a Raman Spectrum of the thin film Wile a nunber of exenplary
aspects and enbodi nents have been di scussed above, those of skill in the
art will recognize certain nodificadapgg pernmutations, additions and sub
conbi nations thereof. It is therefore intended that the foll ow ng appended
clains a I reafter introduced are interpreted to include all such
nmodi fic 3@%%§§§§@P%§€§t ions, additions and sub-conbinations as are within
their true spirit and scope. CLAIMS What is Claimed is: . A prelimnary
precursor conposition conprising: a solvent conprising a primary amne; and

composi t1bn o RPANEERPRREARR oBRREN s Lot PT S (8l 2o Y rom ¢ h

prinary e is selected fromthe group
consi sting of Ln nes. 3. The prelimnary
pr ecur%sor con‘ﬁo%q\feinéﬁo'ﬁf)?%ﬁ%arﬁqwa\c}%%rhﬁ'?@ e primary am ne

a solute comprising copper and selenium.

2. The preliminary precursor composition of claim 1 wherein the primary amine

is selected from the group consisting of hydrazine and liquid alkylamines.

10
3. The preliminary precursor composition of claim 1, wherein the primary amine
is hydrazine.
4, The preliminary precursor composition of claim 1, wherein the primary amine

15 s present in greater than a stoichiometric amount.

5. The preliminary precursor composition of claim 1 further comprising a

cosolvent.
20 6. The preliminary precursor composition of claim 5, wherein the cosolvent is

selected from the group consisting of secondary amines, water, lower alkanols, and

glycols.
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is hydrazine. 4. The prelimnary precursor conposition of claim, wherein
the primary amne is present in greater than a stoichionetric anmount. 5.
The prel iwDnaryoopriecur sor conposition of claim 1l furthePCTarspoiomnosgl a
cosolvent. 6. The prelimnary precursor conposition of claim5, wherein the
cosolvent is selected fromthe group consisting of secondary am nes, water,
| oner al kanoi s, and glycols.7. The prelimnary precursor conposition of
claim6 wherein the cosolvent is ethylene diam ne. 8. A precursor

composi tiAn C RN Siiflan b ArdS lonfiRich i sWhdrBINnE olAeRd a sol ute

conpri sing coppe enirum said precursor conposition belng at |east
substantieql,“lﬂg éjgi\rlj%rqe of a precipitate conprising Cu2Se. 9. The precursor
conposi tion B EPalM'8 wherein the primary anmne is selected fromthe group
consi sting of hydrazine and al kyl am nes. 10. The precursor conposition of
claim9, wherein the primary amne is hydrazine. . The precursor

composi tign of y¢l 2l m 8 Wier €l abkBhishgat N9 has a mol ecul ar

5 a solvent comprising a primary amine; and
a solute comprising copper and selenium, said precursor composition being at

least substantially devoid of a precipitate comprising CuzSe.

9. . The precursor composition of claim 8 wherein the primary amine is selected

10  from the group consisting of hydrazine and alkylamines.

10.  The precursor composition of claim 9, wherein the primary amine is

hydrazine.

15  11. The precursor composition of claim 8 wherein after heating has a molecular

signature characterized by Raman spectrum substantially as shown in Figure 4.
12.  The precursor composition of claim 8 further comprising a cosolvent.

20 13. The precursor composition of claim 12 wherein the amount of the cosolvent is

up to the amount of the primary amine.

14. The'precursor composition of claim 8 wherein the amount of the primary

amine is greater than a stoichiometric amount.
20



signature characterized by Raman spectrum substantially as shown in Figure
4 . 12. The precursor conposition of claim8 further conprising a

cosol ventwo2811/0bbs4pr ecur sor conposition of claim 12 wheceius2e¢iopoampunt of
the cosolvent is up to the anount of the primary am ne. 14. The precursor
conposition of claim8 wherein the anount of the primary amne is greater
than a stoichionetric anount.5. A thin filmconprising the precursor
conposition of claim8 heated to a tenperature sufficient to renove the
solvent. 16. The thin filmof claim5 heated to a tenperature of from about
150C t o 250C. 17. The thin filmof claim16 heated to a tenperature of

from abougs 80 ingh I P drl Eitich 8F Blaitn 8 HEBEdSto) copper
selenide o |ga@?‘fﬁ'ﬁ%?{"a%'té{"a?fhgpfér?”ﬁ]cgcfb?rp% of CuSe. 19. The thin film of

cl ai m 18 \gRbbffhs siufhcf €id BRfth&dsEent?0. The thin filmof claim 15

contai ning Substantially no oxygen or oxygen containing conpounds. 2 1. The
thin filmof claim15, which is substantially anorphous. 22. The thin film
of claim 15, which is substantially crystalline.

5 16. The thin film of claim 15 heated to a temperature of from about 150°C to

250°C.

17.  The thin film of claim 16 heated to a temperature of from about 180°C to

250°C.
10
18.  The thin film of claim 15 comprising copper selenide at least substantially in
the form of CuSe.
19, The thin fim of claim 18 entirely in the form of CuSe.
15
20.  The thin film of claim 15 containing substantially no oxygen or oxygen
containing compounds.
21.  The thin film of claim 15, which is substantially amorphous.
20

22.  The thin film of claim 15, which is substantially crystalline.

23.  The thin film of claim 15, characterized by any one of the X-ray diffraction

" patterns as shown in Fig. 3.
21



23. The thin filmof claim15, characterized by any one of the X-ray
diffraction patterns as shown in Fig. 3 .24. A nethod of making a
prelim nawg 2prigeee1gor conmposi ti on conpri sing: conbi ni ngPay/s2&0l0veEsnt
conprising a primary amne and b) a solute conprising copper and sel eni um
agitating the solution until a non-soluble product is fornmed. 25. A nethod
of making a precursor conposition conprising: conbining a) a solvent
conprising a primary am ne and b) a solute conprising copper and sel eni um
to forma prelimnary precursor conposition; agitating the prelimnary
precursor conposition to forma non-sol uble product; and separating the

non-sol Uble PROfUfbg togp{aggngyaapr%ﬁﬁwrgBrsecp@apegénpbaﬂon Egmg;mﬁg;rmt hod of

cl ai m 29 wherein am ne | el ecte romt roup consisting of

hyd [ d L and ) net aj ' N Si
hydrazi ne and BHSHRBIE e spReRE A Sk BhaD) U ELorarRELeI g
a thin fléo%%@grﬁdé%ﬁ%ﬂgﬁni depositing a precursor conposition of claim8 on a

substrat €, he precursor conposition for a time sufficient to
remove the solyenlieRe slRoREhI% L slAk Bréfh W bHfEq comPri sing. heati ng
25. A method of making a precursor composition comprising:
combining a) a solvent comprising a primary amine and b) a solute comprising
copper and selenium to form a preliminary precursor composition; |
10 agitating the preliminary pre_cUrsor composition to form a non-soluble produét;
“and

separating the non-soluble product to form a precursor composition.

26. The method of claim 29 wherein the primary amine is selected from the group

15  consisting of hydrazine and alkylamines.

27. The method of claim 25 further comprising combining the solvent and

cosolvent with the solute.
20 28. A method of making a thin film comprising:

depositing a precursor composition of claim 8 on a substrate, and

heating the pfecursor composition for a time sufficient to remove the solvent.
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to a tenperature favoring the formation of CuSe. 30. The method of claim 29
further conprising conducting the heating step for a tinme sufficient to
favor thewbannewsan of CuSe. PCT/US2010/000311

29.  The method of claim 28 further comprising heating the precursor composition

to a temperature favoring the formation of CuSe.

30.  The method of claim 29 further comprising conducting the heating step for a

5 time sufficient to favor the formation of CuSe.

10
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