METHODS FOR PHOTOVOLTAI C ABSORBERS W TH CONTROLLED STO CHI OVETRY TECHNI CAL
FI ELD 5This invention relates to nethods, conpounds and conpositions for

pr epari ngveemiigamsact or and optoel ectronic materi al s angCiaseeon44o8¢| udi ng
thin filmand band gap nmaterials. This invention provides a range of

met hods, conpounds and conpositions directed ultimately toward photovoltaic
applications and other sem conductor materials, as well as devices and
systens for energy conversion, 10including solar cells. In particular, this
i nvention rel algsHODI YR PHOEOVTUSTAICOABSOREER SMA TREC@NTROSLEDr prepari ng
sem conductor materials and photgnmtHao®EaRsor ber materials having a
controlled or predeterm ned stoichionetry. BACKGROUND The devel opnent of
phot ovol tai ¢ devi ces such as solar cells is inportant for 15 providing a
renewabl e source of energy and TBOYNOCAEFIEIS®S. The demand for power is
ever-rising as the human popul ation increases. In many geographi c areas,

solar cells may . be the .onl to neet the.demand for wer. The total
eneray £t om sof APy Mo AaY msTor Frt i A Rg oo PP e B ot ax1020
joules. |t dascopgeiorasd bpedledrohizatat@ng Modeviak idchidalg thialfam @ Birgy | S as

much energy as is.used. worldw de for an 2Qentire year. Thus, billions of
square met e¥¥ naaﬁer@#’sf |eF SRy HPVidea ra&%exﬂ(%ét&&l(\ﬂfﬂlchB‘é“nH%@Hid.

Phot ovol t ai gonfRvitieRsliREed igRteBYtorardPhbBlyta@f appl@EiesSeY ottier Whi ch | ayers of
sem conducting material are created on a substrate. Layers of additional

material s arBIGRadyrtaranaiitsetst Wilkas dSHEISGDE FYSEMS fRITACES FERCE™ | ayers and to

conduct ;! egtinligalolfNeNIYin @10 hid NGrdBY tlRes td Rkt mkfgdysef ul ness of an
optoel ectronic or solar cell product is in general limted by the nature

and qual i t ycostPotis aph BRI fefipePragyesiiconductor neysialiapd photprdidigce a sol ar
cel | producl, b B¥ahi&siAeRRS albMebiRd bPplderdrditl s ARIQRIYY, solid Iayer of

the material copper indiumgalliumdiselenide, known as "CIGS," on a
substrate. A solar cell having a thin filmC GS | ayer can provide low to
30npderate efficiency for conver SHKGROSNMR i ght to electricity. Making a
Cl GS sem conductor generally requires using several source conpounds and/or

el ements whi ch coRidavdbpniat GtphtRvaRRARIicEPfuckhElar TOR iSPMIoEEnt fOMPounds
and/ or el enents, nust be forned or deposited in a thin, uniformlayer on a

subst raf®. Meyidiagassnewablgagies aficasieypnd manyotsussuf bedenaad fy@oyshe as a co-

deposi ti on, is QferaRing ATt thhuibR PorfeOS irfckcalls. TRl dcbbGhlic ies, wikh these
approaches include | ack of uniformty, purity and honogeneity of the C GS
layers, | eatilhganhe thewaberay te scetthy desennil ifeipove rkerteploncigy fiogisekey .  For
exanpl e, Solg,@n [}%ﬁ%@gﬁoﬁ QL el BF orie8lobiSis 3b&ut Ik BRI BB 1t Faslech csERLERAT NOS.
5,441,897, 5,976, , 6,518,086, 5,436, 204, 5“d81,868, 7,179,677,

7,259, 322, thatone pawred totddgdlhg anatey onashauch2009y 898 0598yorkimgdeHQTan nt er nat i onal

Appl i cadd on Bbll Cafi,oniNes: of DO bHampilth PO 0PAORLODi O her -
di sadvantages 1'n the productio ot N filmdevices are l'imted ability
needed.
Photovoltaic devices are made by a variety of processes in which layers of
semiconducting material are created on a substrate. Layers of additional materials are
used to protect the photovoltaic semiconductor layers and to conduct electrical energy
25  out of the device. Thus, the usefulness of an optoelectronic or solar cell product is in
general limited by the nature and quality of the photovoltaic layers.
One way to produce a solar cell product involves depositing a thin, light-
absorbing, solid layer of the material copper indium gallium diselenide, known as
“CIGS,” on a substrate. A solar cell having a thin film CIGS layer can provide low to
30  moderate efficiency for conversion of sunlight to electricity.

Making a CIGS semiconductor generally requires using several source

compounds and/or elements which contain the atoms needed for CIGS. The source



to control product properties through process paraneters and | ow yields for
commerci al processes. Absorber |ayers suffer fromthe appearance of

di f f erentweabiidhipisases, as well as inperfections in crygcaluscoe/opasticl es
and the quantity of voids, cracks, and other defects in the layers. In
general, CIGS materials are conpl ex, 15havi ng many possi bl e solid phases.
Mor eover, nethods for |large scale manufacturing of CIGS and related thin
filmsolar cgljdn&and/Becdhddd ﬁﬁ's!t%e hﬁﬁ@&'@@deﬁ&sﬂ‘é@ﬁl &dﬂ&%ﬁ%mnﬁﬁ%ﬁ es
involved. In general, |large scale processes for solar cells  are

unpr edi ct abﬂuésttﬂ&:dispgexampl% Hepogitipp pgﬁhﬁ £JG$ poueesn e#obe dongasaefer ous chemi cal
and physi calepBafaTe! &1:SniiRHG] KBdihsh, HALENGAR ARSALRSHbAYEr of sultable
quality onas strate Of orm ng the ot her conponents of an
efficient siotlade laed ¢f vadamrityl purltb@mdilqnqup@du@f ey lghdayien, llqacglhg yi el d.

A signifq Calﬂﬁmﬁ’t% &ﬁﬂl‘it% 11%‘9‘301@%?& elfﬁc){e general to precisely control the
stoichionetric r tros o atons and Group 13 atons in the |ayers.
Because several F@Oﬁpfa@@lecmmmmmﬁsdsefnwo@rcélseneedi!scéosnduth.Bermwosthere are

many para 5 t i i 0 i ayers to
achi eve a p%%[l 8c9%1 %?762@%; é’gl (?1% ?’5&’%@1’13%@%%2’22%@%7’% gﬁ;ﬁ) t'oel ectronic
appl i cat i onBatent Buldepiimtén 2000230698, atd BCT dftera@iohal Apphiedtah Pablaatoor G oup 13
atonms int t t control over those stoichionetric
ratios, Qﬁ%%"g‘@‘%og&%ﬁg @%@@?@E@tg& and optoel ectronic materials can be
| ess ef fo ci ent a]rtderldesaavamgeseiﬁﬂfetﬂroduatlcacckﬂtmmﬁmg delﬁsesra&dnﬁl%cwn@ﬁl tions and
properties. For exanp 0. si.n source conpou S. rently known t hat
can be used 0t°8ntb°§8f5)§l"@ péoﬂe%%Fh“g‘rg%ﬂ’ichﬁ%sé’ﬁragﬁﬁﬁ“aarnaq‘f"?‘ ?é’te& $&i chi ometry from
whi ch ClI GS gtredréiall proe@ds. DELITRAL lay &0 BHRY REH tBE a@@if&%'o‘fﬂi@{@&n{ fat can
fulfill this goal have Iong been needed. IS needed are
conpounds, RIBMIRSItSllGn dMREs Ctﬂ?“éé‘b%%%”"’t“’d’aﬁ?%l?é@tW@?tlt%lP%VOF(@r phot ovol t ai ¢
layers, espggdialdn}l ofnlf dnafédtsl iMilcAYRES 1h@Encef! @GSGRtrileNE 68Sp1@nd ot her

pr oducts. BRI EF SUMMARY 5This irvention provi des conpounds, conpositions,
mat eri al%  ariingsndns dessitde sobid ghases. Mjorsevarcuubiss forlarea palomanaficarisg as wel |
as opt oel eC&ff(ﬁngln&’?e\fdté‘uﬁﬁmafﬂﬁ‘l sBBFEé?MQL&@é §if Jicﬂbfﬁéc%use%m&h%hﬁ%r things, this
di scl osure provi des precursor ecul es and conpositions tor making and

usi ng seni conehssss owvslvsdich gaserplolargshotlopobdssis dor salpeedls arpgingredistables and ot her
uses. 10Th g&;g% tabl e and
advant ageoﬁbﬁgagp?fmgvag%ﬁlt%’ IF hlﬁ}ggglt%%rtafé (;lh%lr][rl?ac‘tairjém%g)ih 95{%%51 Bag%ﬁtgl%l n the

sem conductiovdyedpafringng aauralbyorhﬁtl'zafler aﬁsondﬂaqlmltyl”cel agdubstefy & wéll Group 13. In
Lo oA ROl BB U R SHET AU N ROB BARBEHLY T or
15descri bedanldembighywld I n furt her enbodl nents, solar ceI | s and ot her
products can be pade.in esses .operatin t relatjvel ow t enper at ures
b th the compoartecafiBRBEETE S aBak batlerd bRsReh SRl yor 1 ¢
precur sor casipometsic adids 6OARMISdnOImg Cﬁf)u[ifﬂ Sorfll mGholare Baausd0provi de
enhanced processability for saqlar cell duceéil %6’[ and the ability to be

processed offvgahsgpiceeqmRpunds ardior slements ch‘:‘F iU PRI FRIGL i vel y | ow

t enper ataur es.control in mdiNfy ARMASIAGRSUNORY 1964 td3hicNea paEBAsNDS, conpositions,
and materials of this invention in naki ngIJ photovaoltaic | a ers and ot her
o)

seni conduct BYSgRe Y ryessmicordugtas apdentoeTesonir Arrlicrtinya A B gt ofhe

mor phol ogy (@E b€ b deREih WicBal Aok RRGRRAT 18 ARAMGE BleSnaARR. WRKbEAfrect Thi's
i nvention includes processes for making a photovoltaic absorber |ayer

havi ng a predeplrai ey skidiamgtigriatipy PvResacsdo Beke spucondpgormndcess conpri si ng
deposi ting é&ﬁe%ﬁ%}ﬁléﬁ{ateﬁél\éc dél@é% P EGe LSl 1&s%ﬁ&e§s!flﬁllr9£b'h%ﬁgrd¥s&ﬁt0 the

substrate a converti ng t he eposli te precursor | nto a tovoltaic
absor be30 negoamiositionspng properties. For example, no single source compound is currently

known that can be used to prepare a layer or film of any arbitrary stoichiometry from
which CIGS materials can be made. Compounds or compositions that can fulfill this

goal have long been needed.



30 precursor may be a polyneric precursor. The predeterm ned stoichionetry
may be the stoichionetry of a nonovalent netal atomor a Goup 13 atom The
pr edet er mvoed11gt1ei3shi ometry may be the stoichi ometry of PCu/USA@o/ol4954 Ga, Al ,
or any conbi nati on thereof I n sone enbodi nents, the precursor can
have a predeterm ned stoichionetry according to the enpirical formula

(Cui _xAgx).(Ini y tGyAlt)v((Si _zSez)R),, wherein x 5is from0O to 1, y is
fromO to 1, t lWthﬁ%&dtaee éomlaobﬁdsswﬁﬁaﬁmynsmnugracegsés HpRm& to 1, z is
fromO to 1, uis fromO0.5 v is fromO 5, wis from2 to 6,

and R repr e8patas R ghfé@:\pétawé#ye%h%@ﬁn%lhéhlé fiindayigrsi far selprbel devigrs &l ar e
|ndependent&ﬂm§§ gted fromalkyl, aryl, heteroaryl, alkenyl, amdo, silyl,
and inorgani c and organic |ligands. The precursor nay have a predeterm ned
stoichionetry of a photovoltaic 10 absorber material selected fromC S,
CIGS, AIS, AIGS, CATS, CAIGS, CIHBAEF SKMMSRind cAl Gas. In sone
aspects, one or nore precursors may be deposited in an ink conposition. The
deposi ting may beidangtiby pePidaydothousRl @¥npediabisNsateSRE &) HeRQRIthi on, spray
pyrolysis, printing, screen printing, inkjet prlntln aerosol jet

15pri nt i ng, DIFRKING ey ctos @pd B‘Meﬁﬁlﬁ 175 Wegﬁaﬁppﬂ%mrop&qdﬁwp%gmdt ransf er
printing, PARtRGIAE [aDEks. Khﬁﬁ?g%éﬂﬁhgs@ﬁé@&a&ﬁnn95ﬂ&¥ pRechfsbt i Ng, contact
printing, reverse printing hermal "printing, |ithography,

el ect r ophot Bgleapsiaad p@mmsnwgs fos making geibporg emrgndustassuchpd Bt i ng,
electroles§ﬂghg%hﬁgl batN.feneshd sus&oat i ng, wet coating, dip coating
spin coating, knif goa ting, roller coating, rod coating, slot die coating,
neyerbaH)coatln@ﬂwKpmpﬁnﬂeaﬂh@cmo%ﬂmﬁ@fﬂmapw%hm@wﬁpﬁéﬁqﬂ@ liquid

deposi ti on, d%QAtgg‘eon{}aQ%RPn%Mer&the s?é{ﬁﬁo&?é{& c§¥1?ehat doﬂﬁlhetéeﬁﬁ‘cm}%%'td?s casti ng,

sol ution castin nations o orgoin Substrate
may be sel epau“t&uila&lmmntdlh@ngraodlple@fenansefrﬁwmdact or a doped sem conduct or,
S! i .Con’ gal i urpnar §o%rs"ed§0d1men fathor S\ien o %bg m‘s'lrpa uI%lfSOFmSI licon
di oxi de, titani um di oxi e, 7 heoxi Si |conntr| a net al

foil, 25 nuodeytidbaducar lagdetsrnambaprepm@/dzvith thepolyadric plmurcc&rcbmmundhr om um

cobal t, . copper be &EI | ] um gol d, |ead, manganese, nolybdenum nickel,

pal | adi hi\ %F%ﬂ "t henium rhodium silver, stainless steel, steel,

i ron, strontiuminfirther érhicalithdh, sdlagBd 4d otlel poductd Fa@®BImMaae iva et al all oy, a
netal silicide, a netal car a oI | astic, onducti ve

pol ymer, a @8??6?%%?”“& %Eﬂli}‘ﬁgﬂ%’r EHtpera 3“??61’@@‘??19‘?”&9?@“ Yepht hal ate, a

30pol ycar bondRsitignsR@tesit@bsurcd pol yester film a nylar, a polyvinyl
fluoride, polyvinylidene fluoride, a polyethylene, a poI yetherimde, a

pol yet her sul f ond, hegolpfmeg}%%@rr%étcelﬁeounés #st Spnippeons of iy JiRAIGRYICCAr or | de, an

acryl omg rihevibutAdh@AGrRtYARRG FRALMIBIL produRtibd, faﬁmle Bty APBXY, Ppaper,
coat ed paper, and conbi nations of any of the fo In further

aspects, t hireccspdenmivarety ﬁﬁﬂlkhﬁ@éesﬂcé‘ﬁb‘wm%? at me% lawgpiBpGtBIct-ai ¢

absor ber | ayer Rgyiidn &rpﬁgﬁa&rﬂﬁtﬂ@@bnﬁoah&h& Lifi¥nOh PmabiBaL s@t e by (a)
providing a polyneric p ecursor having the predeterm ned stoi chionetry; (b)
provi di ng athsuiventien e ;makoy petovdiaid ln@rimmmlwﬂu@%@nd deviecpirst r at e; and
(d) heating . 0 about
650 Cin an &llﬁglrlfglg@r}%@te %@ggs Otqtﬁﬁer ggﬁ"q&%’r&ué‘%ﬁ%ﬂ ot O\U/énf Ogll(agga sor ber

| ayer havi n(gdavmd:mckness of fromO 01 to 100 mcroneters. The substrate may

be heated at a AT abgﬁ %cl%ﬁl%s rocesses urtma 91?%%1{990V09&10 absor%er lgge or from

about 200 C to aboul & FAventi'on er “enconp

phot ovol t ai lcavmlgamrdzd@rermmb@m]ah1omm1¢beomg/sub@ttrd“le tlwm@@ssmnpdlemgrl bed herein, as

wel | as a photovoltaic deyice ) roce ertain aspects
this i nvent T8RN BRPTSE ﬁasvuhge Brﬁge%r %rsb %ryolngo 4]? f@ O ®her using a
phot ovol t ai gndeuhEce eposiaveedursor @it a ph@tcﬁrom{le eisbibeAmatenar Jhe Thi's

bri ef synmar y, t aken al ong Wi wi.th the det ai q?d des r| |on of the invention,
as wel 1°ths RTHETOF Gy 88 2 PeIECADRETHIG ﬁ%@fﬁ i stfe }Owtwgyygemm e,
enconpass ttlﬁ@stéﬁﬁlioﬁ@{rpswﬁoﬂfvatehﬁnétawﬁ bONGrd3RI EkoRPESERI PTI ON OF THE
DRAWNGS FIG 1: Fig. 1 shows an enbodi ment of a pol yneric precursor
conpound (MPP). As



shown in Fig. 1, the structure of the conpound can be represented by the
formul a (RE) 2BABABB, wherein Ais the repeat unit {MA(ER)2}, B is the
repeat urwo 2B0{WVBGER) 2}, E is a chal cogen, and R is a f raEitisonalo4gsoup.

FIG 2: Fig. 2 shows an enbodi ment of a pol yneric precursor conpound (MPP).
As shown in Fig. 2, the structure of the conpound can be represented by the
formul a (RE) 2BABABBABAB, wherein A is the repeat unit {MA(ER)2}, B is the
repeat uni tpre&{é}/ﬁflﬁﬁixt%}chloﬁlet@ nﬁy%alevsmrbm@%f&l RganfenliNna group.

FIG 3. Fig. 3 shows an enbodi nent of a pol yneric precursor conpound (MPP).
As shown i ncombgpatign thetgef. st ruct ure of the conpound can be represented by the

Fornul a (RE) 2BAUBO) BB IRLEL Derlcinbant SRERe Mk YRR 2l B 1 5 Lhe

repeat unit 30{ MB(E E Is a chal cogen Is a ctional group.
FIG 4: Fi gaccerdglacw\éleampéw&dnmtémCtha)uﬁ@i yfrerilod((Sr-esuRsewhesmpound ( MPP) .

As sho in ki agand tE I nted by the
f or mul \Qms( REf ?@%‘(OB‘%I" %%Eﬁf‘ﬁ Es%cfmqésffé% O/t&(bl gt é‘gsﬂq%%??’ que%% 2}, Bis

t he repeat fuorn® t§ MB(iER)DQl}OSEzIISVaS ﬁhlaloddgérﬁ,,wamﬁoﬁﬁts6aarfdlmctl onal group. 5
rs shoun 1 epRy R SRl SEPRE TRE ot i B S a0y ccent ed by t he
formul a cYCsb]bc(eESA)amaIMenrﬁ; Iretohodrgl, ﬁllaemyl apedt silyhiand {idifakic)ard prgBmt:s t he

r epeat unit

chac Rlsafuntlo group. 10
6 ScHiiy o ahuSentatheSh e pRodRB TS R SRR G n i R whi ch
pol ynmeric parbe@msr&@ertenaamledwmlfrcﬁlmm@l@s,oﬂs, AIGS, dryIesSCA KT, onGasparti cul ar
substrates t | udi ng spraying, coating, and printing, and are
used to nak‘g%é‘gi? CS{%&IE{% and optoel ectronic materials and devi ces, as
wel | as energy qReMEE Shedts, bhSyish@IBrecithda méy bSadpRIRIIIE af BRr €sent ation of a
solar cell enbodinment of this invention. FIG 8: Fig. 8 shows results of

met hods f orCOBIEHEPT- n@e&@mﬁ%ﬁgwyme@em%ﬁpmz/@ge?ﬁwm%?ﬁ &TENVPP) of this
i nvention h&ﬁbﬁ@o@ﬁ&%ﬁﬁﬁ&%@%ﬁnﬁﬁg)b&& ?Fﬁhﬁg/ it pAn@ceadisRf 8t for preparing

ClS and CIGS materials of the same ermned stoichi ongtry. The |inear
correl ati orpréﬁ§érl%ﬁrlfltﬁgﬂﬁgmn8n&@Pam&?é\?é PEPting: fransfes AHNHG) RaderinEngr ecur sor

conpounds SRAYEoif iy hiieyst0b BN ATRLHIESAlink N6 RANIEI fefiffiour sors ver e

precisely contro e qgquanti ties and conp03|t|ons of the 25nononers
used to nmak@intihg lplmgwpby,l decpppivingesphis priahe, cleetrodepeskngsclestroplaiieg, di scl osur e

can be used, trary

st oi chi onet r1§cgr§m@4;@aﬂ{g G&&i&%os@QW%ﬁsgfxgggﬁtﬂﬁoﬁp ?rgdtaﬂgoﬁ LF %Bgr eparing

pol yneric pkneﬁwwmlg, Ieﬂbmdahmmosl cOMPR) slatfdi¢ duiang, mﬁbarmoath@vhmglrect
redete tQ nmet.r c are 30 [rEeRaning AI'S, AlGS,

Grs, ot el PSR Mo B B DUNBR e Bl EBRIMRerr The

| i near cor rc&lpa:tumnspninsmin@dolutnori—‘aagungsaaﬂdaromﬁmaomlof dinf (Bfehcefa)tgqmy yrre_rl c
precur sor

npown % %e q tcﬁr hlée srto o |8metr4 cfo of 1o Cg pol ymeric
precursors WEPECHPENEETYCEERT BT L BIP YRS HIARTUITSSRAY composi ti ons of
t he nononergmisadudt@, dikdoa, gall@mpakenicry in@ulﬂbSQgJESSOrhSbe(wﬂdmtgﬂbai, siiebhods of
this e . : o . .
dioxide, titanium dioxide, zinc oxide, silicon nitride, a metal, a metal foil,
25  molybdenum, aluminum, beryllium, cadmium, cerium, chromium, cobalt, copper,
gallium, gold, lead, manganese, molybdenum, nickel, palladium, platinum, rhenium,
rhodium, silver, stainless steel, steel, iron, strontium, tin, titanium, tungsten, zinc,
zirconium, a metal alloy, a metal silicide, a metal carbide, a polymer, a plastic, a
conductive polymer, a copolymer, a polymer blend, a polyethylene terephthalate, a
30  polycarbonate, a polyester, a polyester film, a mylar, a polyvinyl fluoride,
polyvinylidene fluoride, a polyethylene, a polyetherimide, a polyethersulfone, a
polyetherketone, a polyimide, a polyvinylchloride, an acrylonitrile butadiene styrene
polymer, a silicone, an epoxy, paper, coated paper, and combinations of any of the

forgoing.



di scl osure can be used to make precursor conpounds haying a range of
arbitrary stoichionetries. FIG 10: Fig. 10 shows results of nethods for
control | iwgQ 20h#13136i chi onetry of the 5conposition of a parkiS2ewpstoas | i ne
CIGS material. In these results, the ratio of indiumto galliumwas
controlled. Fig. 10 shows an analysis by X-ray diffraction of the structure
of the crystalline phase of bulk CIGS materials nmade with various pol yneric
precursors. The 1f, friner & edtgn%Mﬂbén@ogﬁlcldd%rb&sgebeor%xﬁltg% ofafvol{;h&ﬁ
materials was detected by the relative positions of -theta-(112) peaks
in the X-rapseberflpvee hadne me%qrméwdgom?@le@msaﬁmsgﬂﬁeavéa)mved%%h made
from a pol YiRehGich&GHLSOindald f8dcRerRicd Sfdfchionmi (@fRqndi ng to the

val ue on thI;eB%E( aiffHé V\herem%ercﬁgnt&?rndleum |Cs 010 ry%}:%)rronl+G§ FIG 11: Fig.
11 shows r esibitrate; 6F) dmmsmaﬁlefmfrcutﬁomrﬁ@thlelsui@tr@ﬂqeanét(@)hﬁhturtgrtbet Wstate t he
15conposq ti l r b lts, the
ratio ofs§ aglg J%‘%egat‘g‘% Ffraﬁa@gqggﬁﬁ{é ‘ﬁsaﬁ&% L@fen hﬁlots&%?e g%geﬁ sis by
X-ray dif f rroduicorg agthotoleltasd abyarberleyephaviga thr@(sdzsabf frore Ophas &0f bul k Al GS
materials made wi.th arl us ric ecursors. he ratl QfL.indiumto
gal Iiumin 1{[1cronr(l:ertersSt L] esu raﬁpr&yb eated Qtl ¢m erat St of gom I%Re&rtel ative
posi tions oa‘,botnfﬁ02et dsreﬁ:can ébbﬁﬂzoweabsb@ft 400h&C. X- r ay d| ffractl on 20 patterns.

The AIGS materials .wer froma ol ¥ rec S ing a

per cent i ndi um adr BCBORAT TS e R VAr ALOGrT R e S B FE Rndier cent

i ndi um i 180plonéskdsnieésaibed fdrémm, aizvellﬁsgphdtavo&tbm\ﬂsweeﬁludettﬁ/ sath met hods for
troll t he st hi t f .the.25 at 13 CIGS thin fil

oo e B SRR Pl i oy SR S TP et o bremorsor

enbodi ment  {18dadal ﬁtfwetrmlﬁgwmmont@le d@ﬂ&@to@omStghﬁh@,ele%&Qap@@ﬁg@rtI ng the

coated polyneric _precursor to a osition. The MPP polyneric

precursor had a sddist @’r‘“?ﬁl%da@!l@ﬁ?ﬁ |"6‘r1?é ¢ detagled @Séﬂ?floi@f&ted%ml%fhd was used

to make a Cdls@@uta@m ﬁgukémth@yﬂﬁaﬁuefd%rﬁ@%narcﬁ%; QL A6, SEOhSRL @Eetry. The
x- 30axis of Fig. 12 refers to the fraction of the Goup 13 atoms in the
pol yner 1T phedesegef therpyentigt e i ndi um at ons, which represents the
predeterm ned or targeted indiumto galliumstoichionetry. The y-axis of

Fig. 12 refers to the fpa¢ctr pRSORIAMEONGOWAE bR AogEsi n the CIGS thin film
that were indiumatons, which represents the neasured indiumto gallium

stoi chi onetr s_determ ned the se of EDX. The line q sl ope
represents AR Lé]%%é‘ﬁ wﬁédl F@PW@&P@F‘HE‘HF@@P@& .<M§.ijm‘\%o gal I i um
st oi chi OWEtsfh)ZSwﬁﬁldFﬁghE tmfnuahresotfmecebmgmrcyn borpbsdnfedty@hlopmm hi n film
FIG 13: Fi 13 shows results of nethods for controlli ntg t he stoichionetry

of Group 51TERHRABR wherein Ajip the esreg wple M (ERs} B s thegreat syl ts, the rati o

of i ndi gym tWQ@R:ZI'}UEQSVmaIGQ@W&WRGQafllfﬂcgonal rodpOWs an anal ysi s by X-ray
diffraction of the structure of the crystal i ne phase of CIGS thin film

materials made with various polyneric precursors. The CIGS thin filnms were

made by coaging. i Q%w%fan%mlB%}ﬁ'gﬁrdf% nyﬁ{%HE EI%Euer}tcgm o&BlMP@?]% mol ybdenum

| ayer on a glass substrate, and conve t|n e coating to a thin 10film
mat eri al i nshanlmFﬂgc% theRtractrreattls cofnpfing. Callbe repfesndedtly thhorifivlact i on of t he

G oup 13 at n t presents
t he indi um %%%%’t@%f \gﬁ%r%%{é%e %ﬁ?ﬂég%%gé%;% é,\{%%{g|ufé1’?of Fig. 13
refers 2o t{M (EBQA}IEGWOQ&ICMW @dtﬂmtaéur(cm@) gp)aak in the X-ray diffraction
pattern of the thin filmmterial on the substrate after conversion. The

CIGS thin films were each made froma pol yneric 15precursor having a
percent i ndFIGBcoig @slpnsmdthmglbbmmbimeafs@nﬁmab pecwrortchapoundXMPP). The st rai ght

line in Flg fit t he data |ntsa a correlation
between { hoTERLL Fisch-HiratesT i cPranneat Bhrbirairy St BrBBost ¢ on of
t he 2-thet aRELEY)(BpedB, ohetleler X-thayepdit fifiit aat (Br, }pBtt @E Fepeat unit

30 {MB(ER)Z}, E is a chalcogen, and R is a functional group.



20FIG 14: Fig. 14 shows results of nethods for preparing polyneric
precursor enbodi nents (MPP) of this invention having predeterm ned

st oi chi orwOrg1vhirzsh are useful for preparing CAIS and CRCGISh@mnioad s of
the sane predeterm ned stoichionetry. The linear correlation observed in
Fig. 14 for several different polyneric precursor conmpounds showed that the
stoichionetries of the polyneric 25precursors were precisely controlled by
the quantitifessapg ¢oRASHhB0SNRhAL afagpmﬁasfearg@%@lmb&mmpyhss pol yneric
precursors, and that nethods of this disclosure can be used to nmake

precur sor cHAPBIhEE. hae sHyctarerod iyeompoundispr paropreremtrshbyl tehforreal  at om

st of chi oMMet e o BRTAL AR HORHERITA LR 30T L& | HERHL,OB PhOKhEARnA SOI ut i on
to a problen1én making a photovol taic absorber |ayer for an optoel ectronic
appl i cat i on{MUER)aSE & agbhlgpgeoednd R iFadunstionsl erpup.s the inability in general
to precigely control the stoichionmetric quantities and ratios of neta
atons and atons of Group 13 in a process using conventional source
conpounds akidy. 6r Feg &rerwtssinfembodrakntng agolyhwtiopetirsircompeodiRIPP).ajxer .

This inventjon previgdes r.an of precursors, where each. precursor can be
ised aone VorPELEE § T Byl aY R BpSTtSar hreet o S REORPRERC T ayer "o
mat eri al of YB@Ry)awixirtin ar iy thepeedetnér (M 'HER),5Bischi opet nyit (d(ER } nade.

A precursor. of Hhis diiﬁLOSErefnaZ be used to nmake a photovoltaic |ayer or
material haVP SRSy AP AFCUREESTPWY st oi chi ometry, where the

stoichigetry can be selected in advance and is therefore controlled or

pr edet er mi . Photovoltaic materials of this disclosure include ClGS,
Al GS, CAl cg%%c?og@e [ERRIeATHRIPA CAF R tse?f}st%llﬁ OVeRtpR i ahicY material s that
are enri chegbi@heré@hrdcaisBRtani hktcBRpoRiddHk hteYdepdsitdd 685 batitulatsamitraihey € CAl GAS
refers to Cu/Ag/In/Ga/ Al/SISe, and further definitions are given bel ow
| n gener al ,m?th%dsdﬁﬁl?qllt%pf@l@ef‘é‘@{lg’&nﬂ)PrélﬂE‘ge"rnﬁiaFFe‘&e%fodP%i onetry in advance
means that $RecoaliRi&hhe Baycnlloﬁicql%rfaglahaeéﬁees,la%/wenra@e@égy AL IBKI NG a

phot ovol tai ¢ absorber material having a predeterm ned stoichionetry on a
substrat® n®ytemp general require providing a precursor having the
predeterm ned stoichionetry. The photovol taic absorber material is prepared
fromthe precursor by one of a range of processes disclosed herein. The
phot ovol t ai HGabs Selisaatigreppessingdtion gha paaraich cmhedipe of das inpengidet er i ned
stoichionetry of the precursor. 20 The processes disclosed herein
therefore allow a photovoltaic absorber material or |ayer having a target,
pr edet er m ngéh. 8t bigchilometresylis of hehera der pusriangg polpmecursorsoof thi s i nventi on.
I n genesal , the.prec r Vi ng.. redeterm ned si.0i chi o ry for making
a photo%%lt%#%ﬁb.%%VggieﬁgggﬁFé UégﬁwggI%%%%B?ggﬁgg%égngg%W£§£3%%0Iosure
provi des a usafuljfr pfeppirecliSswnd S€1Gawmategalp v&det@napmdtersimeichi onmetry for

maki ng sem canduct or .and. opt oel.ectroni c /materials an vi ces including

T T SRR RG T R O R s D B kMo B 4o oo er Ll . i ng

a predet er nponaflert@iRBLE ¢odipoofidsShOl@ithanet styichidhiétBedifsigd adhiceicpr ovi des a

range of novel oL%heric.%o ouaqi, Oconpasi ti.ons, nateréﬁls and net hods
Fs L FutolEh byt {

for seni condBct HE PG Frabafifigy and SAGPRRIANE 8¢ nel udi ng thin

film phos ov@bichcgSuseeh MakcitRUSo I FRIFHCGRRUEE 04ndARA the@RBs HBhR WisaloSure
Anong ot her advant ages, the polyneric¢ conpounds, conpositions, materials
and met hodsSa8e PHRdL0 MAlRRIESIETPT CARP PN AYRISA AR Of POEFIC HAEHIAMETEDr maki ng

FIG. 9: Fig. 9 shows results of methods for preparing polymeric precursor
embodiments (MPP) of this invention having predetermined stoichiometry which are
30  useful for preparing AIS, AIGS, CAIS, and CAIGS materials of the same
predetermined stoichiometry. The linear correlation observed in Fig. 9 for several
different polymeric precursor compounds showed that the stoichiometries of the
polymeric precursors were precisely controlled by the quantities and compositions of

the monomers used to make the polymeric precursors, and that methods of this



sem conductor and optoelectronic materials, including CIS, CGS, AS, A GS
CATS, CAIGS, Cl GAS, AlIGAS and CAl GAS absorber | ayers for solar cells and

ot her dewvoesivdim3isone enbodi ments, the optoel ectroni c POUMUSR0IPNSHES SOr
conpounds of this invention can be used al one, w thout other conpounds, to
prepare a layer from5 which S, CGS, AS, AGS CATS CAGS C GAS,

Al GAS and CAlI GAS and other materials can be nade. Polyneric precursor
conpounds NBY:IRLRRaRBe us%@@o fn&eapréeu&)yé&np@uﬁ& Rddh birgrabr semm/UNds to
control stoichionmetry of a |ayer or material. Thrs invention provides

pol yrreri ¢ céeploeinetscsand conposi tions for photovoltalc applications, as well
as devices and systens for energy conversion, 10including solar cells.

The pol ynmeric conpounds and conpositions of this di scl osure include

pol yneri ¢ prlécif:sbie. Hlﬁhpwm@sltsawﬁ thepolly fve controping dur saetsorhgry ofdheri al s for
prepari n t and
productg9 &) OMﬁ gy ﬁggggggjéﬁ Rhﬁggﬁg%ﬁgg&%éég%ggoOkﬁH@Fb pol yneric
pr ecur sor qo@pbumUEBEOMHﬂEdaR@ng)ﬂmdsmmmmgmhawéiaddnﬁaemmwﬁﬁwand _
Blhgf:a;lglo;[‘ SI g%{ﬁt“a \(;fglllqe?cz s(taao llnselp a%e fof %lect%ﬁgrﬁgaté%lta ang)a}’dﬁ] vx%lt% V&I‘lOl}S o g/merl meric
enbodi nent spreargoed. yie rato b m&iﬁ:lun saogalluﬁn mnhodrystilhaf Cikssnmszerigy wasessed and

poryer i ¢ prseies S PHr EaiR b TREE T B R ECR PR o1 can

be pr ocﬁsse[shttbms amhd QUGS 0 Badhafiadd€pasd pdlpheridprécuiiobldvigte. The

pol ynmeric precursors of this inv ntlon c n have superior. processability to
forma thi PFPHPFYR SRERIPABI PR BS Mltcnd %ﬁ@%‘?fb‘%‘}er %Fy@PEmEIHHl 'Bol ar cells.

| n general, jdolgy/&i+a4gt ure and properties of the polyneric conpounds,
25conpositions, and materials of this invention provide advantages in
maki ng photovoltaic | ayers, sem conductors, and devices regardl ess of the

nor phol ogy, rref, ¢hi F@cn%@ws QLI FRA AR fof BlionA 't%t&éhﬁrﬁ&rysﬁﬂﬂ&ondum ors or
devi ces. The ymeric Brecursor conmpounds of this invention are

desi rabl® ff&mpsﬁlé@a@ﬁadgﬂlséw@ e B 8 matggiele rlp dhese whdts ciberpdieiof indian A

pol ymeri c %%ﬁﬁ'ihﬁl%as%&}{tro?lg hﬁ‘gel lash8%§hr{‘arﬁi)fs}§%&‘%% AL RigPhet WO Or nore
different netal atons ound t'o each other t hrough interactions
or bridges wuﬁﬂuremféhemry%h@ @h@l@bglérn\léiﬁmermﬂs edviaIvaigerio meml!Cng _
ol et i oS augiurg ekl SIAHE LR AR 4 RAL WRIdCnREAULSOT T used Tn
a process such eposi tion, coa I ng or nting on a su strate or
surface, asdoweted bashqrlbgesgegiond efitled ¥theg- (alhh@ailksméthes}i riyelififiagtjont her nmal
pyrol yshs, adOt fRr A R GORAUGE QL TARNIAELIL LI BEORESRER RS, O the

pol ymeric precursors can ennance the formati on sem con or and its
properties. pmcmn1mhumx$heqpmmygﬁmh@wﬂmﬁnuhsmamQQWnnumﬂEnamdmnnmpos|t|ons of
this inventjon dvant ageously be used in processes for solar cells

t hat avoid ggdnﬂﬁﬁﬁgﬁ sul furization or selenization steps. For
exanpl e, the use of a polymeric precursor in sem conductor manufacturing

processes c h e the fornatlo f M E- bondi n such as is required
for chalcod@ﬁ}ig f H*%@W§5ﬁwgdﬁ8§ ?ﬁE Nhﬁ@émﬁﬁﬂ gp“g wherein 10

Mis amat o oftmeuel3 CeSshid MM ldedrs. Mhe C$G@-ﬂmﬁﬁlﬂ[§lvﬁkfre a0 QLI 51931 and E is
a chal cogen. In sonme aspects, a pol ric precursor contains ME-M

bonds, and $ORENGE ENYMErisReRIsOyRRPdiFRgNt Q@P?ﬁqfahlﬁéwewtwnfoawr?aww%f a
seni conduct gi cORNcBigahe coBteRPbiIRFit freBirSGUS 8§ OIGS BOMNMEN MRYe R@pant ageousl y

contain |inkages
polymeric precursor had a predetermined stoichiometry of Group 13 atoms, and was
used to make a CIGS thin film having the same predetermined stoichiometry. The x-
30  axis of Fig. 12 refers to the fraction of the Group 13 atoms in the polymeric precursor
that were indium atoms, which represents the predetermined or targeted indium to
gallium stoichiometry. The y-axis of Fig. 12 refers to the fraction of the Group 13
atoms in the CIGS thin film that were indium atoms, which represents the measured

indium to gallium stoichiometry as determined by the use of EDX. The line of unit



15bet ween atons, where the |inkages are desirably found in a material of
interest, such as S, CGS, AS, AGS CATS CAIGS, CGAS, Al GAS and

CAl GAS nawenoul@723thi ch can be nade fromthe pol yneric pCease&ons4064 a
conbi nati on of polyneric precursors. The pol yneric precursor conpounds of
this disclosure are stable and 20 advantageously allow control of the
stoi chiometry, structure, and ratios of the atoms in a sem conductor

material orgdRYEkreschid a RRfidni et @h thelPedd@ler@hnOdTsr tﬁ@@te@tng{ﬁ% Qfcafdupip 13.
Usi ng pol ynmeric precursor conpounds in any particular senlconductor

manuf act ur i igjclpemeesand thapetugt goiehipoatet foyno thorbvathertlmret al at ons and
G oup 13 25atons can be determ ned and controll ed. For processes operating

at relatively | ow tenperatures, such as certain printing, spraying, and
deposi ti on It hdBig. Brboperoymisrif mcthodeior sorrodmgplsudehionenneiGivet n t he
desired st ojf &Rﬁﬁttﬁﬁ{ ﬂhﬁ%lé@%%’errﬁﬂ. ‘hﬁh&re%s%% G raflY 8 MHiDG: tgg%]l fituR! € sources
for senlcon uctor preparation meric precursors of I'sS invention
can prOV|dew®nham@Ed Eqmﬂ3dkm@hnammWﬁanﬁﬁawdﬁ&%momnmmdwmwmﬁﬂﬁﬁw and
properties Ofst'ﬁ e rﬂase %8&%‘1&"}? ma{erl I's malaee%?th%gvant & %%HS rfece:l?rtol“rlg es allow
enhanced cont¥ 1 e The structure of a sem conducts rial” rade with
t he poIynerﬂe(Hﬁﬁahmsbms@@m@mﬂ56$cmﬁmghnﬁmumu@nbnmncpﬁh&mp@hmmer|c

this | [ bui | di | for.
D conduc: Sr iRl B PAEhBOHE o8 Sy R LB B B B5iRe 4l hhe rot o
sem contuct filin Bhtetid ig Qyrnace. The x-dti€ofIaL YIFREB t@ﬂae(fmemrof@lwm@upm

conp03|t|ons and f this disclosure ma aII rect and precise
control of &'f8s ’é‘ttgeti‘ fgﬂ’é‘g?t"%?r‘?‘é?fi’iug’sat?ﬁs pbfchrem e be}‘m&% Y in sone

enbodi nent Sstm@hl@lﬁétwmédsﬁre@b?ﬁm Oﬂheciladilsbﬁ” Fused re&f&r@ﬂﬂhe posithawt 1Rt her
conpounds, to readily prepare a layer fromwhich S, CGS AS, AlGS,

CATS, CAl GS-thefedAB) PA?@@%ﬂawff@&@Wté%oéﬂ? thip Tk ynaigrig] ont the y

st oi chi onet gysik@NaRecBESion! ThEEIdRInh MFRGtSoaclP RbYREh § pBIyRRHE SOT
conmpounds can be used to form 10nanoparticles that can be used in various
met hodsl o [PrEPEF Bavdian ResFFaLBETM Geresopdng to thedsansi elis 08 thefx-#hs-s i nventi on
may f ur ¢ ner TR G ARiRIPFES PR alSli19 1 ABORAPILE LA HIRAS LAGMAO! yer i C
precursors to enhance thé formation and properties a sem conduct or
material . between the measyred indien t sefliuntiteichipmetnt andrhe pokision ebthey and

physi cal |y f an be prepared with polyneric
pr ecur sor é%ﬁ%%ﬁﬁgQ%%?%&ﬁﬁggﬁ &f%%ogyﬁints sol ar cells and ot her products
can advant ageously be nade in processes operating at relatively | ow

t emper re ng t [ nposi tions of
this dlaésdé | Olill(J}lI:j le ﬁlg Dleshg rT]IJ?F] ocfnR:Fh%ﬁéJ for greBgr? 1S LP% 61}6%8 Cci%rgﬁr ds and

conposi t i onsmbwklirhdmiss MHPS of msun‘e:nuanha’&ﬁgrpmdetémmamamchadmpnry)whreham lity for

sol ar cell ctlon sor conpounds and
comosi t1 orBeBl K paninasct5ent S SRR st T Rhed Obesoea at
relatively dicihibaemeraicUines coadatival dos@sedtin Eigaldd fdrl‘s@lvetal)dif&&na vari ety of

substrates including flexible rs in salar cel Is nbodi ment s of
met hods f orp%qrwa cPﬁPECOEH’QB‘P“EéLgW tﬁ‘ﬁ eI eIHesqt e cH?F OHEry

Enbodi nent spredurdold Werk Preeiély oshtioned bbdﬁie quantities anf cPMP&RTHs bOthe MaKI Ng a
phot ovol tai ¢ absorber |ayer having a predeterm ned stoichionmetry on a

substrate, DAPTFOBESL BYwhe I%qlﬁﬁertﬁé)ﬁ%?é"fst)i'sn@ldéh% P@é@ﬁ%%frthu%éwﬂﬁ@ﬂ% he
predet er m ngd vs LAIIGH HARBLEN QR Lo NBISHR flsadh @ AN HLRARY ROLIVARNE he deposi ted

metal atom stoichiometries.
DETAILED DESCRIPTION

30 This invention provides a solution to a problem in making a photovoltaic
absorber layer for an optoelectronic application such as a solar cell. The problem is

the inability in general to precisely control the stoichiometric quantities and ratios of



30precursor into a photovoltaic absorber material. The process above
wherein the precursor is a polyneric precursor. The process above wherein
t he predewernimad3st oi chionetry is the stoichionetry of paTrmspavalk®st net al
atomor a Goup 13 atom The process above wherein the predeterm ned
stoichionetry is the stoichionmetry of Cu, Ag, In, Ga, A, or any

conbi nati on thereof The process above wherein the precursor has a
pr edet er m ngglaShQhCANIQRRAS o (ﬁ&ﬁﬂ@dh@ rctc@sstul.aﬁg eORichtidnal sofiRE nul a

(Cui _xAgx). (Ini_y tGayAl t)v(( zSezﬁ% wherein x 5is fromO to 1, y is
fromO0 to 1compopidsfap ﬁﬁ@em@ltﬂfor PRking & Rh@pvofteisiabsorher iayer rom 0 to 1, z is

fromO to 1, u igfin0mibs Erolifiges]a én%e 0f*p§ecf1f591r§‘ \Qhe‘i_’e Ln ?Jre%urséﬁ’ dafpfrom2 to 6,

and R represents R groups, here are w I n nunber, which are

i ndependentisyd slenciotreadily p@mralallawer fr@ﬁWhIChmhemalﬁaﬂ layqlomny:rlal dmi do, silyl,
and i norga r above wherein x is fromOto
0.5, vy |§s;J ﬁgmﬁggrglg@d&e??{snle??%%ﬁﬁml&? EFlk1 %?ﬁit%he sumof y plus t is fromO
tol, zis fromAOpItecurSQr ofithiissdifctanmeGnay mmsmtﬁmakeashmomﬁ I&yetor 1.1, and w
|sfrom2to SS._a er.ein is fromO
to 1, is ?tgrrlﬁll a\flng iny atehm%argu(i)esu?&,\h 101}10met{y %e the st%cl%lom%ry dan%g fromoO to
1, u |s f r osrlcOted irt @lvinc2 andllsltberéfpre&lﬂitrwlledmIf)nedma:rﬁnrted. BhotdWdtajer ocess above

ol st b e dgSodiy e aTalop cfioy dgastAliReh 1, 13 %V ¢

1, and 10 i SCAIGNS daterikle, 1ﬂcl€ﬁhng|'1|ﬂeteﬁﬂ§)mesﬁe Ryl whefigiedt it fhe qpamgieur sor has a

predet erm ned staichio ry oto oI t r.ber erial selected
Proma s iaserap somapaeeeload PRt PG AT 5 S e cas. The

process abod/&inmk;ﬁg@bgwglmselgw nore pr ecur sors are dep05| ted in an ink
conposi tion. The process above wherein the dep05|t|n i.s done by spraying,
spray 20coati ng, In gefiern). thepdidy t9 Ct%HF@%}erBW@IS%‘i {om “h?"iVﬁﬁce screen
printing, iRkingthaPihiMolcRBmeasiQR@hrollBle. Printing, ink printing, jet

printin stanp/ pad printing, transfer printing ad printing, flexographic
printi ngﬁ gr avurAePr}QWSﬁfqrrl?@km@@ri’ﬂla"@t@lb‘l*q %b@@rhg m%@wgh@@acﬁwrﬁ@qt%gllneﬂ her mal
printing, |i&ibaghanh ?cf‘attélﬁghﬁltg%%rﬁg%&r PEdVidWpre&lr&F hhaRemesi ti ng,

el ectroplatin ect rol ess at i ng, gepos tion, coating, wet coating,
dip coati ngoraézqgmmed@atcmgletrknithaplc)@a‘plmgabspmet @ﬁte@@a&mrn@redrf@dn coati ng,
slot die co t a | ary coating,
liquid depotgl H%gl}{,s@%hg)?%an df QOCFAOSF]SDdI?dzIA(g/Sg(?E Sg/lﬁl ?}}2@1 d&% gg{:tl on, spin
casting, sodbserbarmaersi carng,etaalrtue m@mm p@ﬂetmnﬁﬁstmdyormtmdfellefmecgmong The
process (?b 1?3 Vr\@ceegs I Ellisél d%grgl%ttfl 3&% ea?loSeI %Stto Siltauc abs r er mager(i)alllgr of a

30sem conduc doped sem con o Vi AT um arsen de,

i nsul at or s,lagdramng makgeb@mdamrglhedssomlﬁbmemo b(dlnmde dﬁng 4 pteamsarwf di oxi de,

zi nc oxi de,t si.licon nitride, a netal, a netal foil, nolybdenum al um num
beryl |l ium 8 HWY cerium chromum cobalt, copper, gallium gold, |ead,
manganese, rml y il general, thé @k@irsor patih@gie pféuetalnﬁhddrbwnhwrﬂ@m fufinakif®si um
silver, stainless steel, steel, iron, strontium tin, titanium tungsten,

zinc, zi rco?hOWPISaé ?@P@F“Q?t%%}ca‘hber@é’lrecg’is?‘i cide, a netal carbide, a

pol ymeras a pl astiihg, dil@Reusidey @ rigk YiBecurdrCRgpiRkierring0| ymer bl end, a
pol yet hyl ene terephthal ate, a polycarbonate, a pol yester, a polyester film
a nylar, a BOFRORFRR fof malking éf‘émcwvwiWOP@@H@WWWF%S angd doyiceret hyl ene, a
pol yet her i Nh &8¢ ind P Ry SERRofMES £ aridusROhEARBIKB81RNGp nRtcp@kYyi M de, a

pol yvi nyl chl oride, an acrylonitrile butadi ene styrene polyner, a silicone,
an epoxy, pla?p;mgapé@ﬁteéamé%wpomaﬁ@lOt:%%ﬁhlﬁla@tnbns of any of the forgoing.
A photovol tai ¢ ABRQlbRKR:&ideh rBOST Rkl R RIRERBodROVE. A phofovol tai c
devi ce made by the process above. process for providing electrical power
10conpriGi r@mpgsmgnsampﬂqmlwm methedsdensemecondicinaesntodléeghricinmtaiakl ect ri cal
ener Y i riad ByBEIRARA] Aln ARG, i RROKEVRILE G BRRALBALn BPT PaVi 1O @
predet er m ned st ol chi one on a strate rocess conprising: (a)
provi di ng amgetialsreri c precursor haV|ng t he predeternlned st oi chi onetry;

Among other advantages, the polymeric compounds, compositions, materials

and methods of this invention can provide a precursor compound for making



(b) providing a substrate; 15(c) depositing the precursor onto the
substrate; and (d) heating the substrate at a tenperature of from about 100
C to abouwo@B01/0T7138 an i nert atnosphere, thereby produciPog/is2@aosmsol taic
absorber | ayer having a thickness of fromO0.01 to 100 m croneters. The
process above wherein the substrate is heated at a tenperature of from
about 100 C to about 550 C, or from 20 about 200 C to about 400 C.

The pr ocessseam\aeuc\fmﬁ@bnoélsteroﬁfce%reer inBR&ing dPs edesen s, neds st Rischi onet ry
according to npirical fornmul

(Cui _xAgx) . @Mﬁs ﬁl%ﬁym%sxwdsPAIz@e%hse)rber Iy fer splar cplds ndofeD to 1, vy is
fromO to 1dev¥ce§ Sin fs&ﬁéfbrﬁb&cﬁlnéms Ttﬁ%eop%é[&%mé’so%dég)récufser donpBlflslp 1. z is

fromO to 1l, uis fromO .5, 'vis fromO .5, wis from2 to 6,
and R 25 r elhiserentisn Rnge gtpdslonef wiglisutetherisempounds tmpuenarna&ﬁyelrfromhl ch are

i ndependgnt 0 roﬁ\{ ngdmdo, silyl,
and i no?ﬁan‘%lc}zggseo@rlggn%% {i?(zézinl@lélA %ﬁds rcg%égs Aggv%nd erei n x is fromO to

0.5, y is fothnn@utdralskan be mgdd. rRmmrmerIC(prc{bursmh@rrs)umdsfrnay atsblbs usediisafrom 0 to
i:L : om I2st Lr g&ﬂ)ﬁﬂe Wlﬂ}%%%%%“al %Ong);g'ug Yt Conﬁroké?lghleetﬁX 6foatrﬁ]ay66 °§mate“?%’ f fggn 0 IBSt 0
1, t is fromO tltbns]mvetnhen prlomdes‘pqyymérm&ompmmdfs piheddnpogitidns far i s fromO to 1,
uis from0.,7 to d¥visfrdom3tp 5. The process above
wherein x i fOrV8F&IbaPEP<‘}Cﬁ1°§S §/W|‘a’*@asf THEHMGYICME 1 ENFELMGTE ™1, the sum of
y plus Iolslnélnmﬁgﬁbmrcceﬂs Zis fromO tol, uis from0.7to 1.2, vis 1,
and wis from 3. hotovolta} . absor ber terial nade by

t he process abo epg}ygﬁg@ B%Wa?‘scandé&}@e%mw&ae %Vadl‘ e YF gtd€s above. A
process for dl)}l‘rﬂéﬂcqir&‘ilrsﬁfr &ﬁﬂﬂohﬁ@'an@@&@ﬁeﬁ@ﬁ@éﬂr@r%r HgicAgls forPpRPhANO! t ai ¢
device to convert q? into electrical, energy. npirical fornulas of
precur sor s novel SemlcPH tQH|a%4:PIE9§QYPBaIE)F@Wlﬁ]ésﬁlalsf%‘{%@épdéfts pOMPAPIE precur sor

conmpounds %Mmﬁg%eg WRis afsclenﬁ@pr%fd&es&ﬁﬂ@pdmﬁe REQR®: @dﬂﬂaoﬁﬁkﬁ'f@@gen at ons.
In certain aspe yneric PI‘ ecur sor corrpound contai n net al
S

certai nlt GWI%@d%@%aYG¥ed@WB £8d phgigvolfpics, ljueieas @rcsﬁbr ¢adly bk bonded to
one or mretﬂgql%&ns selected fromatons of Goup 15, S, Se, and Te, as well
as one or nore ands. A pol yneric precursor conpound rmay be a
neut ral conpoundolywrerigpracuisprs ciropdypntageopdy orm adhiar wpelgre Sipl bysooe
counterion [ r cur sor
compound e RaRER, FENGRLATRE A R U bR e BRI IRELEAM £ T 06
count er i on. unifeAn ﬂnyblymsubstmaedﬂm&oven@omp@wdcb W@@@@umoattmamel ect ed
fromth trans ta u A, Ga, In, T,
ba%If’lg %%pmga asﬂétg 192\ E’ng’e}ﬁ eg%g at 1%klIgomlgldsﬁ}mhl:t)‘%rnded to one or
m)re atom; &pbeatdnash a‘srubsma&t dﬁino]fyrr@nop@cﬂrEqm &Sthﬁmveamdl cﬁeham wel | as one
or Om)ere a %%B%for proggsoe%ﬂt‘)% ﬁ)rﬁdﬁﬁ ﬁn‘%&%‘% g oto'XP ai %sor & aatrs?m;i :Se'cgft gﬁ
Pb, and Bi. anAmylaoéelltshese atoms may be bonded to one or nore atons sel ected
fromatons of G.ou d Te, as .one or re |igands.

In sone enbodi mEREE ot tb%?tﬂ}‘ﬁ’élfqadlgrpff@émeéﬁt EBW?S‘E&‘E%%COWES?“‘& ntai n atons

sel ect egb frébﬁ’ﬂp@sltlolﬁgandzrﬂaterﬂls of @@s inlvBatiohlprovile, ad(aitag®in rddkehgPb. Any of these
atons may 25 be bonded to one or nore atons selected fromatons of G oup

15, S, Se, Repveikeic hyerjespmicqadusioss. gitd drycss repgydiseicef the morphqlpgys o
enmbodi ment syrciftebQley BBhd RS IERHCERIN TGN IRYorEO YR8, at oms sel ected from
Cu, Ag, Zn, A, Ga, In, Tl, Si, G, Sn, and Pb. Any of these atons may be
bonded to one orlMEBPEIEHAPEEYM camborids alsthizdpientgn Badesipbledre | i gands. 301 n
sone Var'alﬁ@&émg@xﬁ&hMgﬁbfﬁm@ﬁﬁ§&kﬁ%ﬁm88ﬂHﬁu@ﬂxmﬁMxﬁ%ﬁ%ﬁﬁ&wﬂ%P”B sel ect ed
fromCu, A Any of these atons may onded to one or
more at hs lsaeb e chaduistfuctine @ntaEng wecbr Teore didferpst etalsitamewloeh mey be | | gands.
Pol yneri ¢ Rl fafid o> %E EHﬁltoH H?GFHQUQI{SCHPSFIB ?%vnﬁll\oﬁg or more.chalcoge! Ql%blx meric
precur sor conpoun thIS osure is tab e at anbi ent enperatures.
Pol yneric pﬁébdc@ﬁnsomanmb@KWSEd for maki ng Iayered mat eri al s,
optoel ectronic Iw}tl?{ms% Ctul%nwheneay Il)ocfyerﬁerlc%%ecu%op R uXercrlBlrrl Ia%rd%s%%uch RS
advant ageousl y

deposition, coating or printing on a substrate or surface, as well as processes
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5al l ows control of the stoichiometry, structure, and ratios of various
atons in a material, layer, or sem conductor. Pol ynmeric precursor
conpoundswof2otiiig2ssnvent i on may be solids, solids wth PoOWwUs2di0MES4
tenperatures, sem solids, flowable solids, guns, or rubber-I|ike solids,

oi ly substances, or liquids at anbient tenperatures, or tenperatures
noderately 10 elevated from anbi ent. Enbodi nents of this disclosure that
are fluids @iollRpRelcainy GatchReKALEl Y)Y Mledhd sameamitept can provide
superior processability for production of solar cells and other products,
as wel | as myefachrngPgcEpi tyeaf thegobangsic Pesser ceheiancg thedoymaionsubst r at es
i ncluding flextRlenalRe biPEEFopditksgeneral , a polyneric precursor conpound
can be processed through the f%application of heat, light, kinetic,
mechani cal or otThempokmerigpreewsdsompennds trsicbompositignatoé thisinyenitige ingdi ng a

sem condyict afh"varﬁ%eSﬁél?ﬂr)]e uskdd gteﬂggée?sep E‘o‘?%&ﬁlsceeﬁf th@r_raﬁrgldyaﬁﬁﬁiioﬁal Bﬁlﬁﬁﬁ?ﬁo%r compound

undergoes a transition to me a nateria € conversion of a polyneric
precur sor carplevindioneteps.mat eri al can be done in processes known in the art,
as wel| as the novel, progesses: ol s MIRLOFUEGoAREpOdi ments of this

i nvention may furfﬁerpproviae pﬁb essed Y01 maki ng opfoelectronic

mat eri al s. ihaldf@wniring ptdeesssydah ketsinse thé fampodnyateM{iEeMpbadingsaich eoispound, t he
conpound can he .deposited, sprayed,. or inted onto a substrate by various
roane. " CondarargrTaREnE T sorPhiERErisPhuRs BT tuRR i SURE, MRS oan be
done durd ngMmas adtb@rof bio fGrogR IS0 0P, Mepas htbimnd Grougy By hfigE is@r  printing the
conpound Zﬁggko t he substrate. A pol ynmeric precursor conpound of
this discl 0sd88fay have a transition tenperature bel ow about 400 C, or

bel ow about 300 rfesorf ashedtQWpakaktic gRurler cOfitaiBEMOMNEIRHAS, #RGhEM-Br  bel ow
about 240 C,_ or bel ow about 220 C, or bel ow about 200 C. 30ln sone aspects,
pol yneri ¢ pHetQinessivey Bry Phieiinrdde fE@ation ofgermgendpsioaaicesl t hat are
processabl e in a plipwal Sed®oft@hpdufiRAY advah@sc RSl Q@R %Hkagt00 C. I'n
certain aspects, a polymeric precursor can be_f|UId,‘|IQUIé% fl owabl e,

f1 owabl & mepetweesptosispivBer the linkages prgidesisbly fpe ip 8 msearial efratsregintickan be
processed ag @sneRfs, %@é,'AfiGs,S?msS, @'A'Iﬁs, dels, WieX_RhEChiGNS thafiallE! t .

fl owabl e solid, gum rubber-like solid, oily substance, or liquid. In
certai n enbebicheantbs mage fromthepelpmenarrequsor, of ¢ cpnbodsabpelymsria f| owabl e
liquid or Wﬁ%%l§> a tenperature bel ow about 200 C, or bel ow about 180 C, or
bel ow about 0 , or bel ow about 140 C, or bel ow about 120 C, or bel ow
about 100 C, or Thelpolymabopicc@or Compoundediathis aiboleturé@re@ablprandhel ow about 540C.
A pol Y] ! Cadl 85, %rog(?ralf:o%@oglﬁ&dof?l{e sttor}cl:hsiorhé%vegﬁdc%rr]e GRd! ragg ik tﬂsclttgrlnl Ine or
anor phous, and can pe’ sol Uuble 1n vari ous ﬁbn-aquéous Sol vents. A pol yneric
precur sor ciorpeuivdndmetor oatetial ar ldyeg angksticubar, thétglanons and groentos Grap porti ons of
ligands th can be renoved under mld conditions, at relatively |low 10
tenperatures, and therefore provide a facile route to convert the polyneric
precursor to a i polmedic psetiiscioddehpo ik in dlygatticgpndsicamdugede at ons of the
| i gands, na& b$ repovabl e in vaﬁjous pfocesses, i@cludin cert%in nmet hods
for deposi t PHYTCEBIZPIISES: BRHOBPIOREITEE mgevRisn|my aﬂgmsaaﬁﬁﬁr@aﬂ on of
energy.25  atoms can bR@SRrrd¥PdHIRGRAIIRIS BRipIsRSEcabpepmingBhRAGEEy LNt r ol  over
the structure of a 15sem conductor material nmade with the polyneric
precursor cEMPYBNERS. Y£h LYficHain RURYRS ey i pYhesPHtigfy Bethirdoths f or

sen conduct Qfiem@RGrQRtEOLERHLRARIES maMBR) the BRIRd LiBNBRM-RR REOVi des a range
of polymeric precursor structures, 20 conpositions, and nol ecul es hayi ng
two or mnor eCofiPRred fePHOCTYES AvolitirghBultipls sayaes fRisBEHORMIFS PropaigBety fisr i ¢
precursor W&Q%r&gﬁBﬁ'o@ ﬁlisairn%}ﬁioﬁ/gan%ovide enhanced control of the

30 uniformity, stoichiometry, and properties of a semiconductor material.

These advantageous features allow enhanced control over the structure of a
semiconductor material made with the polymeric precursor compounds of this

invention. The polymeric precursors of this disclosure are superior building blocks
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G oup 13 selected fromAl, Ga, In, Tl and any conbi nation thereof The
atons MB may be any conbi nation of atons of Al, G, In, and Tl. The atons
MB may bewal2b11afi7138e sanme ki nd, or nay be conbi nati ons eCTAasgo10me4050r
three, 25 or four of the atons of Al, Ga, In, and Tl. The atons MB nay be a
conbi nati on of any two of the atonms of Al, Ga, In, and Tl, for exanple, a
combi nation of In and Ga, In and T, Ga and Tl, In and Al, Ga and Al, and
so forth. ThealiQmud® HRY%idReRalkO Ry ARY bRV iRfatdnllc- &l &Rirol of These
pol yneric precursor conpounds further contain nonoval ent netal 30 atonms MA
sel ected f r SAIGOREUAraHEGtecon metal s of Group 3 through Goup 12, as
described above.rhe nolhriehQbHsMoPYunlE BRKoGRIRLARLERNIS 1R oms of Cu, Ag,
and Au. The polyneri¢ precursors of thi's disclosure can be considered

i nor gani ¢ psojespreanayrallowchidétnad paispeingkefghe stoichiometrigtpsiop of metelr i ¢
precursofs | ' e : ' LI f.er S, using
di fferegs': f%grmrnr%jlmaoz egﬁlgﬁﬁ‘égﬁﬁnﬁ% t ggggﬁégégfﬁgﬁﬁggéu%ogdnb%u?%&asléé% aspects,
a pol yneri cwithatothsramompburtdkits radildyx progare e layayfrdre whicli(38.rCI6St ABh of pol yner
nol ecul es o 1RS. ~ AT ' [ ion CONPass | ecul es or chains 5
havi ng a raéllg@%qg’h%‘?%’ g%ég‘%%s%ﬁ%onld;@%ipgxr n%%qg%az? O%B\égi%;{%i C precursor
can be a msttidriemefy @albymeds, pol ynmer nol ecul es or chains. The distribution
of a polyneric Rrecursor can 1be centered or wei %ﬁhh&d ataou% a particular

mol ecul ar wei ght'" 67 AehRPFF IR meric precursor companidna by psedde 4R i nvent i on
further1(pr ontind@arfddsythe chiCbdused lnafiog hdbdds E@prefHb &ntlasdtdtbadatatalAB
alternatin ddj.tion copol ymers. The AB alternating addition

copol ymer ?@“qb?#l@@ﬁ%‘?é 15 ga%ﬁ&gléﬂaﬁyoﬁlﬂ?eé@ggf SRS CA A Y “Srepeat units
A and B ar emgRGRonilgsiivest fré@imods tTRMANEY the ThiRafi@P@aprdpaitesofh and B may al so
be referred to as elnpfge mononers, al though the enpirical fornula of nononer
A is differSRCOnTMHETBhD) 1 cal formula of repeat unit A 15The nononer
for MA can be My ERbets WRElsqnMhtibS cl?e?nigﬂlzgtﬁ& Pﬁ»‘ﬂio@ﬁ’}pﬁ(ﬁform semicondliB@r MONOMET
for MB can be MB(ER)3, where MBis Al, , I'n, or a conmbination thereof In
a pol ynkY i clayfreeaibs prepaiee Mopelymsfic Arerimi compodoners of B to provide a

pol ymer chain, WReHBEF edhdJaGRints, i%é{ﬁlc'efl:s angrotlgfﬁﬂﬁﬁ@idoangﬂva%ta y¥cher shape,
that has 20 repeat units A, each having the fornmula {M\( Eﬁ)Z , and repeat
units B, easdcHapiogessestipefatngafirelatioB(IPR)@hperarimes neqetae palinec A and B nay
appear in i [ .l g (NI xanpl e, ABABABABAB.

In sone errg%)rdcl% %ﬁ%ﬁlﬂ&éﬁ%ﬁﬂ%&ﬁ%@ﬁ?ﬂ@ ggﬁgrhgodrm%lf/rghave different atons MB

sel ect ed from AlThe@alymkng peursorcompiunds agirotipesiegfs of thiredigcldashe odin f f er ent

at ons ear. 251 n.random order. i.n t tructure. The pol yneric

ot ecur oF - ARt eRSH ALy (hb DR TG e i any desi ed

st oi chi onet ry r éganaipolyntichie preanda@rcoopowidh et @ntpossd@l of dtiodisclesace G oup 13
atons, and their respective stoichi tric level or ratio. The..

St ol ohi ometPigt 5 R iEF Prcpreb raF el dis s seY PRI ¢ nr ough

t he concenttwakd ®NSic6f ofI0bsraRONElging PlexibRPOHIncRdin Wolat &l1l.n t he pol yner chains
of the precursors. A polyneric precursor conpound may be nmade with any
desired stoichionetry regarding the nunber of different netal atoms and
atons 0f5 G PHPodlBerAN6E hdiRids f6rHHPLCSIta¥LabSEBES Riith EBiktFJlIed btBiBlofeRy ©ati 0s.

In sonme aspects,_ this disclaosure provides polyneric precursors which are

i norgani ¢ AB al tEEbedineis Adus VeRioB sis8i% mer s havi ng one of the fol | owi ng

Formul as 1 throughrod@s firfalitled photloRHate dbR{BBNer RRMIMpradernfiied 2- [ ( BA) B]

stoichiometry on a substrate, the process comprising depositing a precursor having the

predetermined stoichiometry onto the substrate and converting the deposited
30  precursor into a photovoltaic absorber material.
The process above wherein the precursor is a polymeric precursor. The
process above wherein the predetermined stoichiometry is the stoichiometry of a

monovalent metal atom or a Group 13 atom. The process above wherein the

12



Formul a 3: (RE)2-BB(AB)n Fornul a 4: (RE) 2- B(AB) nB For nul a

5:(RE) 2- B(AB) nB(AB)n, Formula 6: (RE)2-(BA)nBB 10Fornul a 7: (RE) 2- B( BA) nB
Formul a SWORE)121(BA) nB( BA) n, B Fornul a 9: cYcli c(AB) n For mairasst@o/0¢dsd i c( BA) n
Formul a 11: (RE)2-(BB)(AABB)n 15Fornula 12: (RE)2-(BB)(AABB)n(AB)n, Formula
13: (RE)2-(B) (AABB)n(B) (AB)n, where A and B are as defined above, Eis S,
Se, or Te, and Ris defined below Fornulas 1 and 2 describe ionic forns

that have apr@&‘t@?ﬁlﬁfeﬂ%lcﬁfonfé%mtﬁéét@l@ﬁlogl@ﬂf'ﬁgf@lh% In, B328Pbemyof counterions
include alkali netal ions Li, K. he for mul as RE- B(AB) n and

RE- (BA) nB neynbinssien okt abl e nol ecul es under certain conditions. For _
exanpl e, an enb%'e'ﬁ?d%ss%f)ox% vﬁféke)fﬁ‘ﬁ%'pf'ecﬁng &q{éﬁﬁfed&%%ﬂrﬁ%ﬁﬁmﬁ&fﬁ“l adais

shown in Fig. 1. AS shown In structure of the conpound can be
25 r epr esericeetding tQﬂiléefnmfmlll farmlmE@QBAMBﬂm mﬁé;rpéa)wﬁ(SAzSes)RM@'hﬁ@p@at uni t

{ MACER) 25} J 1§fﬂoﬁldt§gf ?‘rf]’sg?d&go lt'cm ttls{f%%(l EE? ?}the 5111]51")%1&5}1% fr&g%rk) 1 n% Ris a

functional group el ow. n anot exa an enbodi nent of
a pol yner i cfr@n@(mtsds flomrmi)wrﬂdS ofis Fonifufl ta 15, wvss ﬁhmvﬂrt0|6narﬂi1§. 2. As shown in
2, the stru

R nts Vl\ﬁ TOups 0 1ch?1 %lrjen\g 1r?auqnb369 que reg %S%%e%. by the formila
(RE)ZBABABﬁ/g\gKﬁ ar e]?h AT The repeat uni’ ﬁ\bAa(r ﬁ)%ﬁ BWs the r epeat
uni t { MB( EReREted Bromsallay],clng) lmamrl dkehyR amsdoasifyliraat ‘nr@r@hicgindm;gaﬂiefi ned
bel ow. urt he X e of a neri c precursor
compound of IEBHITS PE<PS SRnG AR kisgrors Dt s s Bt B R G e r et or o
of tﬂe uDrrpnml{wIsuﬁqaoTyQﬁlEsrte?ﬂ‘r@ﬁené ed 1bﬁrofnhBtOfIQﬁ BLfkaan (.RE) RBA(B/ﬁ)onBBQ Wner ein A
is the repeat uni i ER) 2}, is t repeat. uni
chal cogen, Qdd- P?Cf%'g%@?rﬁﬁé? %'oﬁgﬁlpr%eﬁ%ﬁ’ﬁvﬁ FrRa IBéP%%BgE%YIS from not her

exanpl e, anoanieeimeni 10ﬁ1e@ura@kym@mfwne@ws@ﬁs gafpesnd, 9fromyul a 8 is
shown in Fig. 4. As shown_ in Fi , the structure of t he co ound can be

repr esent eoltoay2 ¥irel. 289 s Hompagy géxbmpcesf ehoyve whegiey i8ifigmA) 100-4 KdS r epeat

uni t { MA( EFi}e%}louBmss ﬁ&ﬁon@mﬁé Sdﬁpbﬁyﬂlhﬂlgﬁbg]}(}toﬁ iﬁfr%rr?d)‘%' pqg@n and Ris
a functional gyrou defi ned bel ow. In a further exa

enbodi nkht %@ma P8l ydrre 15 lo 2k & dUfF s B-Sdo A o T REI PIFECSE 8P AT MAcrEm nﬁpﬁ@ shown in Fig.

5. As sho epresented by
the for nu}lw;prhéglrga gy aSpv\ile%glPﬁl%& %RHIO%SQ% 8{)2%%0@(8&& Hg%ﬁ%%?%né% is the

repeat uni tse{elvB(l ER)HZ(}?IS EIGS AdS.cHaISc04en CAHRE. HGAS, AlGddeni 6AAGAr oup
defined 15bel OWTheyrqcess’%‘b |\¥}{EFJ1+ SneD %70% ﬁgurgl%\flér@g Q‘?edqfllgl'lzﬂlﬁ(rml as 1-8 and

11-13 may be of an engt ecu ues 0 and m can be
one (1) or coopesitibm Therpredess a@mzﬁowlhmnﬂ@ depmlrlgasdmlsbmspmylagudpmare 2 or
nor e, 0503 or_.nor e

or 8 or coatlré%, slgay errorsbll‘ggn slggy ﬁbrog/sm r%f%{mé"%cr%en r1nt19g, Bkjeq[f)rl%tm or 7 or nore,

acrosol jet printing, ink printing, jet printing, stamp/pad printing, transfer printing, pad
printing, flexographic printing, gravure printing, contact printing, reverse printing,
thermal printing, lithography, electrophotographic printing, electrodepositing,
electroplating, electroless plating, bath deposition, coating, wet coating, dip coating

25  spin coating, knife coating, roller coating, rod coating, slot die coating, meyerbar
coating, lip direct coating, capillary coating, liquid deposition, solution deposition,
layer-by-layer deposition, spin casting, solution casting, and combinations of any of
the forgoing.

The process above wherein the substrate is selected from the group of a

30  semiconductor, a doped semiconductor, silicon, gallium arsenide, insulators, glass,
molybdenum glass, silicon dioxide, titanium dioxide, zinc oxide, silicon nitride, a
metal, a metal foil, molybdenum, aluminum, beryllium, cadmium, cerium, chromium,

cobalt, copper, gallium, gold, lead, manganese, molybdenum, nickel, palladium,

platinum, rhenium, rhodium, silver, stainless steel, steel, iron, strontium, tin, titanium,

13



20 enbodi nents, n and mare independently from2 to about one mllion, or
from2 to about 100,000, or from2 to about 10,000, or from 2 to about
5000, or wopaemidirsabout 1000, or from 2 to about 500, @cTfuseem@44064 about
100, or from2 to about 50. A cyclic polyneric precursor having one of
Formulas 9 or 10 may be of any nol ecul ar size. The value of n may be two
(2) or nore. In certain variations, the 25 values of n and mare 2 or nore,
Or 3 Or NOr@nos@h, An®%irt0MiBn, aQhetal aﬁBy,'ﬁQﬁe@al sBitid6, OhetARaBidek pdlyQbr, FOre, or 8
or nore, or 9 or nore, or 10 or nmore. In some enbodinents, for cyclic

For mul as 9 RifticIacongudtize pelpmeroa ceposenits Sy mes blond. graoetlyleapout 20, or from
2 to about dRon@lial!AZalRnABAtber Bb gtsm%ntapmagp%o@em pr from2 to
about 10, Prom 2 to about I n anot ect, the repeat units

{ MB(ER) 2} aﬂtwrlfiWOER)@}ldm)ﬂub@dman@lb’ﬁéﬂe@ 2 helsetbetimiBe@ause the netal atom
MA and te t £ en atom E
appears to ﬁ%@f%ﬁ? A leél%% EQS@J ?@K%ﬂ?‘* taZ) #l’vmgﬂhfgﬁd%ial n&%ﬁ)*l 1‘?1|9n gener al
require an lam;lildmeetyadnephlahlcog@rhlcgreoupepoxy,g)apmp@atedpmw ahéft termnus, as in
For mul as 1-C80 I?l’%,tl% SO a ¥s) g%gl ete the structure. A cyclic chain, as
descri bed by or mut an "Hoes not require an additional chal cogen
group or groups Aptrotdi\&twnb abdort@n material made by Ithe mmesﬂbnvﬁsmphdtsvoltstcruct ures of
For mul as 1 and 1 where n a m ar e one. be described as
et o Foic B DupT B Thaliter dofiie et e ey SRS oM Bane,  and

( RE) 2- BABBABmprising using ﬁlpﬁ(ﬂﬁﬁ)lt@lﬁﬁ@ﬂteﬂtﬁI&bﬁvertalgﬂahwr@d’ctribamnetglyr sor may include

a structure that is an_AABB. al ternnating copol. For anple, a
pol ymeri ¢ precur'sBoSt [y grkingad %BtPV%ttaﬂfraé’é B%rﬁ?y% ™ auQrE eﬁeéﬂli‘m(‘?gnt ain one or

nor e consecmlbm@méte_,p@pdsﬁmgtestl{@%%% cofpR@hy:neri c pr ecursor having an AABB
al ternating bl ock copol mer may be 10r epresent ed Formul a 11 above.

In sone aspect s, (@ipddigg §BPIQS@G%PYEJ?‘EW&é@n%@PPWé?W@lb@&%?@W%‘Wl ch are

i norgani ¢ AB al tgyfadiliig a 3gllirhdkon copol ymers having the repeat units of
Formul a 14 Forrrula 14 15 where atoms MB are atonms of Group 13 sel ected from
A, Ga,19n, and (@ depeigngethg preegrsogantodfe splstrate; and | n certain aspects, this
I nvention provi f{@ﬁhe@ﬁ&l\/%tﬁ%db&ra% Et%%rﬁ@é’rétm@%\f%& a@oﬁl%@e@ tdlatRfit t he repeat
units of Formula 14 ere n may nore, or nore, 20or 3 or
nore, or 4 @0 “fon en ingrt aBnasphaip theerebymr@lueing mh@tovqitawﬁbwbmer or 8 or nore,
or 9 or : 1 B copol yner
of Forrml a Xm aytﬂla I%(E)S %ﬂglro‘rﬁé%r%tsoelﬁp ed %&Bq{heé?m%é/a We%h elhlgh represents
a pol ynmer ofubgire is hedtedl dtemmmratuknof fien abmylt)(b"@ Bpbegend *Carrtimm AB

copol y S LS.t O%%B . 25In further variations, this invention
provi d(ranﬁs(af po b%lrlrtejrbﬁcﬁg? é%:loﬁl?gors that may be represented by Fornmula 15 RRRR
E/ EVE_E- MAR e procedvAh@B2 wherein the precursor has a predetermined stoichiometry

according to the empirical formula (Cuy_Agy)u(Ini.y.GayAl)y((Si.Se,)R)w, wherein x
is from0to 1,y is from O to 1, t is from O to 1, the sum of y plus t is from 0 to 1, z is
from 0 to 1, uis from 0.5 to 1.5, v is from 0.5 to 1.5, w is from 2 to 6, and R

25  represents R groups, of which there are w in number, which are independently
selected from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic
ligands. The process above wherein x is from 0 to 0.5, y is from 0 to 1, t is from 0 to
1, the sum of y plus tis from 0 to 1, zis from 0 to 1, u is from 0.7 to 1.2, v is from 0.9
to 1.1, and w is from 2 to 6. The process above wherein x is from 0 to 0.3, y is from 0

30 tol,tisfromOto 1, the sum of y plus tis from 0 to 1, z is from O to 1, u is from 0.7
to 1.2, vis 1, and w is from 3 to 5. The process above wherein x is from 0 to 0.2, y is
from0to 1, tis from 0 to 1, the sum of y plus tis from O to 1,z is from O to 1, uis

from 0.7 to 1.2, vis 1, and w is from 3.5 to 4.5.
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E7 \ E RRRR Fornmula 15 where atons MBl1 and MB2 are the sane or different
atons of G oup 13 selected from5A, Ga, In, TI, or a conbination thereof,
Eis S S®p20r1/0iez35and p is one (1) or nore. I n fecrliseoaop®sts, this
i nvention provides polyneric precursors which nay be represented by Formul a
16 RRRR m Al 1,\4BmA2m B2 \EZ \ E RRRR 10Formul a 16 where atons MBl1 and MB2
are the sane or different atons of Goup 13 selected fromAl, Ga, In, TI,

or a conbinati on plERRAic aBAITE m%%ﬁal@ﬁ'éﬁe megi'r&e§§%0§@-% p%to@ltfalfce rent and

are atoms selected from Cu, Au, : , or Te, and p is one
(1) or 15mo¥eice made by fhe pEasesIsbevea prresess f%p@vmlwlqygmahpw%w des i norganic

AB al t ernat g ALY LA NG e B0k RANIERPAESMeaFakN] a 17 ABI AB2AB3

20Fornmul a 17 wher and B3 are repeat” units containing atons M 31,
nB2, and MB3, respectively, which are atonms of Al, Ga, In, Tl or a

conblnap§on&ngggq&nm¥§Ofnﬁmggﬁgaln enpi ri cal fornulas for nononers and
pol yneric ntion are sunmari zed in Table 1. Table 1:
Enpi ri cal fornulTas distosnmsmormides  rangpefpolymértegpramdiopainpvendsiapmgcur sor s

For mul a Represent at utio Chai n Unlt Description A {MA(ER) 2}
Fr om rmnorrer I\%\F}:DIES clh}lfe re%me%al ms an%JLal%%en %0

In certain aspects, a polymerlc precursor compound may contain metal certain

atoms and atoms of Group 13. Any of these atoms may be bonded to one or more
10 atoms selected from atoms of Group 15, S, Se, and Te, as well as one or more ligands.

A polymeric precursor compound may be a neutral compound, or an ionic
form, or have a charged complex or counterion. In some embodiments, an ionic form
of a polymeric precursor compound may contain a divalent metal atom, or a divalent
metal atom as a counterion.

15 A polymeric precursor compound may contain atoms selected from the
transition metals of Group 3 through Group 12, B, Al, Ga, In, T1, Si, Ge, Sn, Pb, As,
Sb, and Bi. Any of these atoms may be bonded to one or more atoms selected from
atoms of Group 15, S, Se, and Te, as well as one or more ligands.

A polymeric precursor compound may contain atoms selected from Ni, Pd, Pt,

20  Cu, Ag, Au, Zn, Cd, Hg, B, Al, Ga, In, TL, Si, Ge, Sn, Pb, and Bi. Any of these atoms
may be bonded to one or more atoms selected from atoms of Group 15, S, Se, and Te,
as well as one or more ligands.

In some embodiments, a polymeric precursor compound may contain atoms
selected from Cu, Ag, Zn, Al, Ga, In, T1, Si, Ge, Sn, and Pb. Any of these atoms may

25  be bonded to one or more atoms selected from atoms of Group 15, S, Se, and Te, as
well as one or more ligands.

In some embodiments, a polymeric precursor compound may contain atoms
selected from Cu, Ag, Zn, Al, Ga, In, T1, Si, Ge, Sn, and Pb. Any of these atoms may
be bonded to one or more chalcogen atoms, as well as one or more ligands.

30 In some variations, a polymeric precursor compound may contain atoms
selected from Cu, Ag, In, Ga, and Al. Any of these atoms may be bonded to one or

more atoms selected from S, Se, and Te, as well as one or more ligands.

15



B {MB(ER) 2} From nononer MB(ER)3, where MBis Al, Ga, In, TlI, or a

conbi nation thereof AB { MA(ER) 2MB(ER)21 Pol yner chain repeat unit ABA

{ MA( ER) 2MBOER)IZNER) 21 An adduct, trimer, or oligonmer BCARR2qINMB14054

(ER) 2MA( ER) 2MB2( ER) 21 Pol ymer chain repeat unit, MBl1L and MB2 may be the
same or different, a trinmer or oligoner ABl1AB2

{ MA( ER) 2MB1( ER) 2MA( ER) 2MB2( ER) 2} Al ternati ng copol yner (AB)", a tetraner or
ol i goner  ABpdlyABRARG M ERLAMBLERLANMER) 2 VB2( ER) 2MA( ER) 2MVB3( ER) 2}

Pol ymer, or an ABiriner, or an ollgon'er‘(AB? n or (BA)" or Polyner of any
chain | ength A polymeric precursor compound of this disclosure is stable at ambient

temperatures. Polymeric precursors can be used for making layered materials,
optoelectronic materials, and devices. Using polymeric precursors advantageously

5 allows control of the stoichiometry, structure, and ratios of various atoms in a
material, layer, or semiconductor.

Polymeric precursor compounds of this invention may be solids, solids with
low melting temperatures, semisolids, flowable solids, gums, or rubber-like solids,
oily substances, or liquids at ambient temperatures, or temperatures moderately

10 elevated from ambient. Embodiments of this disclosure that are fluids at temperatures
moderately elevated from ambient can provide superior processability for production
of solar cells and other products, as well as the enhanced ability to be processed on a
variety of substrates including flexible substrates.

In general, a polymeric precursor compound can be processed through the

15  application of heat, light, kinetic, mechanical or other energy to be converted to a
material, including a semiconductor material. In these processes, a polymeric
precursor compound undergoes a transition to become a material. The conversion of
a polymeric precursor compound to a material can be done in processes known in the
art, as well as the novel processes of this disclosure.

20 Embodiments of this invention may further provide processes for making
optoelectronic materials. Following the synthesis of a polymeric precursor
compound, the compound can be deposited, sprayed, or printed onto a substrate by
various means. Conversion of the polymeric precursor compound to a material can be
done during or after the process of depositing, spraying, or printing the compound

25  onto the substrate.

A polymeric precursor compound of this disclosure may have a transition
temperature below about 400 °C, or below about 300 °C, or below about 280 °C, or
below about 260 °C, or below about 240 °C, or below about 220 °C, or below about
200 °C.

30 In some aspects, polymeric precursors of this disclosure include molecules
that are processable in a flowable form at temperatures below about 100 °C. In
certain aspects, a polymeric precursor can be fluid, liquid, flowable, flowable melt, or
semisolid at relatively low temperatures and can be processed as a neat solid,

semisolid, neat flowable liquid or melt, flowable solid, gum, rubber-like solid, oily
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+A B+ -EB A+ nn ABAB Pol yner of any |ength, whether |inear, branched, or
cyclic tA B ABI- {AABB} AABB alternating bl ock copolynmer LA-A B B)

WO 2011/ (M6280RCTI38S2010/ 044054 Formul a Represent ati ve @omdatseemimasal
Unit Description cYclic(AB )4 or cYcllic(BA)4 A-B/\ BAIl AB\A/

10

15

20

25

30

substance, or liquid. In certain embodiments, a polymeric precursor is processable as
a flowable liquid or melt at a temperature below about 200 °C, or below about

180 °C, or below about 160 °C, or below about 140 °C, or below about 120 °C, or
below about 100 °C, or below about 80 °C, or below about 60 °C, or below about

40 °C.

A polymeric precursor compound of this invention can be crystalline or
amorphous, and can be soluble in various non-aqueous solvents.

A polymeric precursor compound may contain ligands, or ligand fragments, or
portions of ligands that can be removed under mild conditions, at relatively low
temperatures, and therefore provide a facile route to convert the polymeric precursor
to a material or semiconductor. The ligands, or some atoms of the ligands, may be
removable in various processes, including certain methods for depositing, spraying,
and printing, as well as by application of energy.

These advantageous features allow enhanced control over the structure of a
semiconductor material made with the polymeric precursor compounds of this

invention.

Polymeric precursors for semiconductors and optoelectronics (MPP)

This invention provides a range of polymeric precursor structures,
compositions, and molecules having two or more different metal atoms.

In some embodiments, a polymeric precursor compound contains atoms M® of
Group 13 selected from Al, Ga, In, Tl and any combination thercof.

The atoms M® may be any combination of atoms of Al, Ga, In, and TI. The
atoms M® may be all of the same kind, or may be combinations of any two, or three,
or four of the atoms of Al, Ga, In, and T1. The atoms M® may be a combination of
any two of the atoms of Al, Ga, In, and TI, for example, a combination of In and Ga,
In and T1, Ga and T1, In and Al, Ga and Al, and so forth. The atoms M® may be a
combination of In and Ga.

These polymeric precursor compounds further contain monovalent metal
atoms M* selected from the transition metals of Group 3 through Group 12, as
described above.

The atoms M* may be any combination of atoms of Cu, Ag, and Au.

The polymeric precursors of this disclosure can be considered inorganic

polymers or coordination polymers.

17
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B-i-v Cyclic polyner chain, oligoner or octaner In Table 1, the
"representative constitutional chain unit" refers to the repeating unit of
t he pol yreo 20hi@i1tm3si n general , the nunber and appear anc@CofUsed1008406nS,

| i gands, or R groups in a representative constitutional chain repeating
unit does not 5necessarily reflect the oxidation state of the netal atom
For exanple, the chain repeating unit A which is {MA(ER)2}, arises from
the nmononer MA(BR), orgo/ﬁeﬁepﬂvanls&s@ftﬁﬁtdekloe;rema%ef@gf@&ﬁéﬁ%lfwn@atI on state
1 (I or one) as descrl bed above, or any conbihation of Cu, Ag and Au. It is
to be under@%ﬁo‘tﬁlf{glﬁaﬁferﬁfﬁéorﬂelﬁ?éé‘t fargriberihe saawisgaguien t he pol ymer chal n bonded
to two other rengaihOghttl bolyRierit freBurlRE R A HemAM adishASHdh
termnating unit. eEe\]?\»ws%e %0 erl%grlen rrepeatl ng unlema% va\llhllch I'S {I\/B( ER) 2},
arises fr on@fmb'rrrmn@beulesz(OER)ls ThettlestzbuyBn gy gna@Mpass maecades ot gfaittsr i val ent
oxi dat i I f fro . Iy ,and any
conbi na?iln ozﬁat@ hlgrag%@e Ol!f %l%llnu%?%gsec\)/{h%rﬁjeﬁga%ggtgn 3 Itg)grlﬁﬁﬂrr%r }Cg@ ot LS’? B%a:sﬁebegt ons are not
present. | nmmtlee aﬁgnéﬁnqu,rpo}ymﬂ:emOWIER)r changd Timrd@tmutihﬁ()ﬁ%)caym@anbi ne to
forman AB re ch is E In sone
nepecis, M ERGRLE ety bt riRa SRl ¢ PG TR st i cn " nmy i so
be al t er natinmg. vmth respect to MA or MB. A polyneric precursor that is

alternating wt ai n chai.n regi ons ha alternating
o WAL and. WSSt e SR PEE PO PR e B ¢ espect
to MB nay Z&dé&ﬁﬂaatﬂﬁbﬂbaltﬂnditﬁgladmﬁorh&pbn@ead ternating atons MBl and MB2.

In further aspe this disc Sure rovi.des AB altern ng bl ock

copol ymers whi me gtﬁﬁtaéi%a WGP %“B}no‘iGR%ra]cmeﬂ?O?g éeg’e%}ﬂf“ttss,

repr esent eda agd BABRY rep@dt ubiBlAhnd BWheheh iR cbiosk Iﬁkfnofr@f)eﬂ{e rb{ﬂkﬁ s contains
only one kind of atom M 31 sel ected from G oup 13. A bl ock al so be a

repeat uni tUHe gy @ hpanalssbqaEEpd g bemamonomors, alfheveh ﬂtlehenrbv k of repeat
uni ts cont afofsulBf MoReer W 0 difRfen@ oM iMA mpiAcP IR IOF fepPAi@GHASOr of this

di scl osure may contain one or, nore hl ocks of repeat unlts havi ng di fferent
Group 1B atons iheamanmpy el cap by f@)ewhera%riﬁamwrbeéawebl ock. For
exanpl e, a pol y g BhECHS B0 MBYMPANS, AGreqi® 1N, &QITh Qpang f or mul as:
Formul a 18: (RE)?2- BB(ABL) " (AB2) " Formul'd 19: (RE)2: BB(ABl) (AB2)"(AB 1 )p
For mul a 20: copfmapoBempli) " (AB2) " (AB3)p or 5 (RE)2-BB(AlB). (A2B). (A3B)p

Formil a 23: ( re) 5t By PeRBR PABRI Gt Tt SRty R ARk ccent

repeat uni tpaol}{rmrrwhf(IERyIE}hef hme2f, ER;lic, or)brangted, NB&‘(aER))m@; shpess gethdsvel y, where
VBl and r A h, di en f ro ot her,
i ndepg%ent Ie@e %c egc aVl l{?e%ﬁ#‘ﬁa @ (E%%G‘ an% %{u T|%na g g]rlllg‘f ﬁ%r eof, and

where Al, ABe ﬁdnﬂiu]AC{M eER)es €Mic re@peatits Wand B @aﬁé{(pEﬁ)ﬁ}aLterﬁmng)@} in and

| MA3( ER) 21, t|ve and mA3 are each different from
t he 150t herthﬁﬁba%h Oere’f‘?fg%lfl %d&d&@é%égﬁzbed above for MA. In Formulas 18

t hrough 23, thelw acbmleanlﬁlfdnﬁ\entm palRthefc prayurhe ndy dbvadifferenteond Mf nore, or 4
or nore, nor e, re, or 7 nore, .or 8 or nore, or 9 or
nmore, or 103‘%96%%1 Alopaﬂllﬂ Y2 Cﬁg‘BE‘?tl%‘rtLTEOfgWh%Fhé different afors BPRh cert ain

embodi nent smrmomrd@npmegtmecont ain a chel at| ng group - 20 ERE-, for
exanpl e, having _the fornula MB(ERE ILn sone enbodi nents, a onomner
may exist in a &ihﬁ@myeeflepwwﬂiépma%%ﬁﬁth@ehvap%qndﬁ%v begpadg Withi 4R i ¢ or

hi gher for meSMt&aﬂoﬁemgﬂdlﬁg tHR nh%%&l%i”dﬂfe’?eﬁ Hefal §t0MmBBnd Gloup $3 UNder st ood
that the term nononer woul d er to all such forns, whether found under

anbi ent condPmy: @ﬁ%thewest)%ﬁ%l“@ﬁhlpﬁﬁmpH‘e’eb?fdété)ssThPéwl@m%ﬁ ging a

pol ymeric polymeric precursor compound may be controlled through the concentrations of

30  monomers, or repeating units in the polymer chains of the precursors. A polymeric
precursor compound may be made with any desired stoichiometry regarding the
number of different metal atoms and atoms of Group 13 and their respective

stoichiometric levels or ratios.
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25 precursor fromthe nononmer. The fornulas MA(ER) and MB(ER)3, for

exanpl e, should be taken to enconpass the nononmer in such dinmeric or higher
forns, ifwearnyll/A7zsenoner in a dimeric or higher form wremuse@d/ oansa
reagent can provide the nmononmer form The pol yneric precursors of
this invention obtained by reacting nononmers 30 MA(ER) and MB(ER)3 can be
advant ageousl y highly soluble in organic solvent, whereas one or nore of
the nononers mayy, @&ﬂ@as?@&@tﬂi@&@dl&meeproﬁ@es%%eh@ pRbksork BRich&Fdms " pol ymer”
and "polyneric" refer to a polynerized noiety, a polynerized nononmer, a
repeating chaiganipAdeligmatingrdditiongorphyraas hayingong of (redollopteg Forawlapd| ymer

nol ecul e. Ahﬂﬁkﬂﬂ?r or polynmer chain may be defined by recitation of its
repeating unit or units, and may have vari ous shapes or connectivities such
as linear, brandhedyladycl (RE).-EBdBagndrineric. Unl ess otherw se specified,
the terns pol ymer and pol yneric include honopol yners, copolyners, block
copol yneY s, al t doratlrAg péﬂ9n55§%iﬂerpolyners, pol ymers cont ai ni ng any
nunber of different no S hgomers, networks, two-dinensional

net wor ks, three- Pﬁ%%gfongﬁﬁﬁgP§%¢ﬁs, crosslinked polyners, short and | ong
chai ns, hi gh andolowa Aol e®H)aB(A®LBht pol ymer chai ns, macronol ecul es, and
other fornms of repeating u ch as dendriners. Polyners include

t hose havi ng |i&§§?@a ran@ﬁéﬁggﬁ%ﬁ§9§#Pc pol ymer chai ns, and pol ynmers
havi ng | ong or ghenilabr an@®s(BAPB used herein, the term"polyneric
conponent” refers t ~co n of a conposition, where the conponent is a
polynerﬂ)or nayf%BPﬁ?g'poﬁ§§§§8%§%éolynerization. The term pol yneric
conponent i ncl udgsmda Ol yrEn)i-lBBEopeer or pol ynerizabl e nol ecule. A

pol yneric conponent may hgye any conbination of the nonomers or polyners
whi ch make up afy™@f2the exaftBlve pol ymers described 15herein, or may be a
bl end of pol ymergmula 10. “Eqbagi ments of this invention may further provide
pol ymeric precursors having polymer chain structures with repeating units.
The” st oi chi onet Mpraglad hes&o ABBprecursors may be precisely controlled
to proviqge accuqq&ﬁmhqxelgug;aggmAgggkpg% arbitrary ratio of particular
atons. Precursor conpounds having controlled 20stoi chionetry can be used to
make bul k mat er iFarmsula |l Zy e(RE)-GhtA 8B R-Go¥et or mat eri al s having control | ed
stoichionetry. In sonme aspects, precisely controlling the stoichionetry of
a polyneric precursor may be achieved by controlling the stoichionetry of

t he reagentshere daod Brarsas debnahabose, diris 8.0¥p ot endiR eddefioedpedar e t he

pol ymeric pr eC“;P%%m SZFEn%Lz JieQ&ib%‘?&Xé%rrﬁlgthQ{ ﬁ%ﬁ&%&[@erﬂl of E'dal%teh@ ention, the
group Rin the ornufas”a ove, Or a portron thereot, nay be a good | eaving
group i20 r edashom. thxaaplks af®ubtegmsadiclideallqab inyerad idns, Y, &cund&r conpound at

el evat ed tenperatur.es or ppl J L of energy.. . The functional groups
Rin the fornul3%35181gwgﬁgggﬁﬁT§BP§ﬁ@§§g9n@ﬁ&ﬁ“ﬁggwﬂ%egﬁkﬁgﬁﬁ or different
fromthe othder @rdinaosdiger@ups attached through a carbon or non-carbon atom
including al kyl,_ aryl, heteroaryl, alkenyl, amdo, silyl d i porganic and
organi ¢ 11 gands Fof RSt "b BB ek els PRBes St okedpetadehF rmaloane. or

di fferent f4prhéheinaifar Anbows B A KYlhe 9ir@i@s otiht achgaint baostgh a car bon
atom In sone aspects, the nononer for MB can be repyesented as

MB( ERL) ¥ arﬁarefqa@d#esﬁleﬁ@fmlfl%@ﬁvﬁ%%ﬁBBeWPeéﬁPé\slémeéaoea%u KX 2iwher e R1
and R2 are ghanhsapBat Qhit GUPERNBNE iANchaROEnIERAUPS AhhRohadrdubldesga a carbon
or non-carbon atom including alkyl, aryl, heteroaryl, alkenyl, am do,
silyl, and ¥9¥d¥-ganic and organic ligands. In 5 some enbodinments, the groups
RL and R2 are eagh,dhe 2@, h cAbdliRERNE a HEOMcFibBreOifiR odpinde al kyl
groups attached through a carbon atom In certain variations, the
monomer  f orFavBukeyis BowoB( B BRehoxn infies: &, tha stensthraof the eongioppdeasnt and are
groups g L agiertel 080 Mo RIPAE) HABRBREBABORAGLAM i dCkpdt g al kyl . aryl,
het er oaryl , aL enyl, -amdo, silyl’ and inorganic and organic 10ligands. In
sonme enbodi ENER )}t B the vops vkl {MMNERRD, Eaf a MB[CERD) §ERR 2, fusgtiendi f f er ent and

are al kyl gégHP&ﬂﬁE&gﬁggd t hrough a carbon atom
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In some enbodi ments, polyneric precursor conpounds advantageously do not
contain a phosphine ligand, or a ligand or attached conpound contai ni ng
phosphor W80 2atr19ami3§, or antinony, or a hal ogen |igand. PETUSkaow®ss
enbodi nents, the groups R nmay independently be (Cl-22)al kyl groups. In

t hese enbodi nents, the alkyl group may be a (Cl)al kyl (methyl), or a
(C2)al kyl (ethyl), or a (C3)alkyl, or a (C4)alkyl, or a (C5)al kyl, or a
(C6)al kyl, or aIﬁgﬁﬂek&amwa@e&%}@Mm &ym@ﬂc(ﬁ;&mslokyd oAhd 8¢ (CL0) al kyl ,
or a (Cll)al kyl, or a (ClZ)paf or a C% , or a 14) al kyl, or a
(C15) al ky! , Fasmulg GicsBpaniryie; 3or\s ahozw(ltsfvg) alt wtrucmre%{f tbmoer)@ukcwan or a
(C19) al kyl, be%p@se(lga@%r ﬂlelﬁﬁlmul@(l(%ﬁ&%@) %ﬁWhergg{{??stﬁ%g% I'n

certain errbodl nment s roups I'ndépen Cl- 12) al kyl groups.

In these enBddiEReHLR s thﬁ@pgﬁtklyllt {Mr@inz}nEyS pehalgogan] sl K ypla fupasionat] ) | or a

C2) al k C3) al kyl C4) al kyl C5) al kyl
gCGg :I kﬁ , (%?ﬁgé%]gf%@?'l((yl ?aorya (CC):g) :I l(<yl ?aorya (CC)JB) :I l(<yl ?aorya or e

(C10) al kyl, or eIn é@llie)rakd&wh?, aolemhodifﬁiﬁzt)oéhhoylbfmeric precurjan cempewmidof enbodi ment s,

t he groups end nt | [ [ D thes enbodi nent s,
e o) kvt o IRy BTN PR AR aadig ke e BHPR e boEREe U O
(C3) al kyl, Mrepres(em)iay ihel fornara @ K)EA (BIARYB(B AQB, avheeh) Aliskdid repaa@AmpoI ymeric

precursor c be cr b nicry stalline

Brbod mant o VG v netprateh 24ty Bl SRisRRSHE i T epeat i ng
uni ts { NB( By ERYhedbdow. MVA(ER) (ER) }, wherein NA is a nonoval ent netal atom
sel ected from a conbi nati nthereof MB is an atom of G oup
13, Eis S, SeOiBPﬁ*F@er %walpk P bRG PR AEHRY YA R BT Cwuafieﬁ
occur r ence, FormaRN0ad ¥ivlva i@Fgl 5. ReiRxaan yig,sahmwure ca‘mhmmpsuﬂcwan and

i norganic and organic i Lpocertain enpodi nents, the atoms MB in the

repeating ubfi RN IIER)‘I(Q%PQ)U}HI%U e (PANgBRTTGindets dicralrat yimMERY F Group 13.

In certain el gidiOise {fMﬂ%Ekg} Qlis aBalcen, aanH‘RX1§ %ﬁlc@éna%koamefﬁgd and the
atons MB are selected fromindiumand gallium E 5 nmay be only sel eniumin

a pol ynkYi co9ecur sor, and the groups R may be independently selected, for
each Occurrence’Af) %A&ec@rs@kﬁé@mg one OfFOI'IIElIququ mrltlsl3%a)ftﬂ%'0§‘ah)nvent' on may

further provide po ]ymarlc precursors that are |inear, branched,” cyclic, or
a mxture ofnghyr opleeia sizor Eovatiess 0So med lpwmyh@@nedlmrem sb\rosrtatmy be a

f1ovabl e |1 gii i 0n TR Lardbs & nlSHRELAS l&f ﬁogebloyvoﬂg@rgtor:h%g nfore %?#\/Er( SOne

aspects, a polyneri ¢ precursor nmay contain’n repeatl ng units ER) (ER) }
and n repeanpmgorfrirngoré, IVM BRNOER)T}E oneiae.air § onmoge, onk) @marprB,some n i s two

or nore,, or r nor LS _four, or nore,. ei ght or

ror e 1 rselsinily £ 0l fRaFmeloally bomaat rrt e pigry By B ol er nat i ng.

A pol yneri cabpnteléﬂﬁ@@rorﬁmmbteadeﬂdﬂj%@;@rlﬁynﬁm ab@ﬁﬁﬁ(b(}ao(%)lato wharein Ais

th t t E R) (ER [

or mor 6. - or 0@ TR By s e oS p BB Reai § SESE e, Tor cach

occurrence, from alckybolymeyd pre&lli‘ioeh@\aﬁg/d)ne oﬁFKﬁﬂﬂyeisS (&rﬂ)dﬁh,y b‘&lofyﬂy, and

i norgani ¢ an anic_|igan n sone variati nerlc recursor

may ﬁave an‘?d]ﬁﬁ’é anzet F;ge '?aiqerﬁj|n6{gay(q§gyg (BB Rsyer (3?@‘)“2 ﬁ P

(RE) 2- BEAB) VR(cAB) Mund iR&)c2> §rBA)rBBIB3 of RB}2 0B &Ahie, 326 c(rlf%l%}@of Bé}s) nB( BA) nB,
"(AB), ¢ "(BA), (RE)2- (BB)(AABB ) n, (RE ) 2- éBB)(AABB) n(AB)rn

(RE) 2-(B) (AQXEB)‘H( B (KB, ref 8@@?@4@(%‘8}%” o5 A0 of mee Iy R sHcdinggREr ein A i s

the repeat fipiyclib Mok @E.Bh}m Bis St D@ ab8RSBL ordint 2 tOMBOERD( HRdm 2N IS one

or nore, or nis two or and mis one or nore. In further aspects, a
pol yneri c Wé@%ééﬂrorﬁ@Vl%@ aaowléc% feapdioabent IcopriEim? iyaborel Pt 25 nor e
bl ocks of rgpgat, Wy,fg. wherein each block contains only one kind of atom

MB. A precursor conpound of this disclogure may be a conbination of u*(1-x)
30 In another aspect, the repeat units {M~(ER)} and {M”(ER),} may be

considered “handed” because the metal atom M and the Group 13 atom M® appear
on the left, while the chalcogen atom E appears to the right side. Thus, a linear
terminated chain will in general require an additional chalcogen group or groups on

the left terminus, as in Formulas 1-8 and 11-13, to complete the structure. A cyclic
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equi val ents of MAL(ER), u*x equivalents of MA2(ER), v*(1-y-t) equivalents
of ML31(ER)3, v*y equivalents of MB2(ER)3, v*t equival ents of MB3(ER)3,
wherei n N6 2061/B2238 , mand m B3 Cu and MA2 is Ag, mar ePdirfusesent4oat ons of
G oup 13, wherein the 30 conpound has the enpirical formula nm xmAzou( nBi |
y tnB2ynB3t)v77, wherein x is fromO to 1, yis fromOto 1, t is fromO to
1, the sumof y p7uls-ztSieszf)rRo)mw 0 to 1, zis fromO to 1, uis from
0.5 to 1.5 ci¥inl §s deEQBe@ b Fbhudas D anW10), sclotasrImne%lufré)arﬁaddﬁmafshm&pgeﬁsent s R
groups, of which there are w in nunber, i ndependent|y selected from al kyl,
aryl , het erJavR/9r Sraiipk ERyrmingHpHo, si | yI and i norgani c and organic Ilgands
In" these embodiFeg, ofedd %&é‘hﬁ%%f%%ﬁ&b@&;91?&11“?8"%11%%%&&%&9' onet ry
useful to prepare CAIGAS, CAIGS, CIGAS, CIGS, AIGAS and AIGS materials,

i ncl udi ng n@mét} Al belddseidliedas adstucenFpicrenipleraddhess goade (RE).-BBAB. G oup 11
atom f ng'agn%r kﬁgzs&gﬁﬁk ient or enriched in Cu. 5In further

enbodi rrents ‘precursor conpound can contain S, Se and Te. In sone
enbodi nents, a pneow sorodgumpoapdywarc tnectasou:maburrtatde@rstr@cttumﬂl(alisza)l

equi val ent s UI v ents f_M.equi.val ents 2(ER4- , 3 )
caul vl ent o Qb E o &y 501 PR el G RBET APl o ahe
m B3 of a precursor structure mayaamtmh (ﬁrfeejr ﬁraﬂre mmu‘&frel@aomms J{BABH‘)er ein the

conmpound ha t he aI. forn'%%% .

(Cui _zAgz), ‘?H%&Eg?%?rﬁ EYIE%?‘{% (PP HRERIRCRIITIVPRRE) 3t, wis from
0.5 to p5, reIZre$e$1teﬂrb§”1Fbﬁnlilﬁ)1ﬂ.ab0XzeiS fromO to 1, y is fromO to 1, t is from
O0to 1, x plus %Fglus t is on and wherein R1, 4 and R5 are the

same or each di fF&MBntsPech s léCI‘?SH{fé’ﬁ‘é‘ﬂ%“érﬁ’P‘YWE‘%P’é?E‘Fé‘HS &P %ach

occur rence, inbig@ilt AlBklesnafig/ddditRe efdahdtt havi gBitheat @A Fofihlly 4 and

i norganic and organic ligands. |n these 15enbodi nents, a precursor conpound
can have the stoichionetry useful tg prepare | GAS, CAIGS, C GAS, CGS,

Al GAS and AIGS materials, incl/uding materials \deficient or enriched in the
gquantity of a Goup 11 atom pr ec@_sor otind of this disclosure may be
a conbi nation of x equival ent ARITRRP, v*(1-y-t) equivalents of MER)3,
v*y equival ents of 20 MB2( ERLBT Vv uiwal entg of MB3(ER)3, wherein MAL is
Cu, different atonms of G oup 13, whgrein R ound has the enpiri cal
formula mAl x(mBlt y tnmB2ynB3t R ) 31-zSez)R),,
wherein x is from0.5 to 1.5, is fromOtoA, t is fromO to 1, the sum
of y plust is fromOto l, z is frFormuaE 1, vis from0.5to 1.5 wis
from2 to 6, and R represents R groups, of which there are w in nunber,

25i ndependently sel ected fromal kyl, aryl, heteroaryl, al kenyl am do,

LR L e A R SEI A

material s, Tacluding materials deficient or enrlched in the quantlty of a
G oup 11 atom

In certain aspects, this invention provides polymeric precursors having a
number n of the repeat units of Formula 14, where n may be 1 or more, or 2 or more,

20  or 3 or more, or 4 or more, or 5 or more, or 6 or more, or 7 or more, or 8 or more, or 9
or more, or 10 or more, or 11 or more, or 12 or more.

The AB copolymer of Formula 14 may also be represented as (AB), or (BA),,
which represents a polymer of any chain length. Another way to represent certain AB
copolymers is the formula ses ABABese,

25 In further variations, this invention provides polymeric precursors that may be

represented by Formula 15
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In sonme enbodi ments, a precursor conpound can be a conbination of Z Al
30equi val ents of MER ), x equivalents of MB1(ER3)3, y equival ents of

VB2( ER4) wot2ougui2sal ent s of MB3( ER5B) 3, wherei n MCu, Bm 1pCrBR2@0m4405B3 are
different atons of G oup 13, wherein the conpound has the enpirical fornula
Cuzl nxGayAl t (ER1), (i _z) (ER2) (Wz) (ER3) 3x(ER4) 3y(ER5)3t, z is fromO0.5 to
1.5, xis fromOtol yisfromOto 1l t is fromOto 1, x plus y plus t
is one, and wherein Rl, R2, R3, R4 and R5 are the sane\or each different,
and are independentlly sel egted, forpeach occprrence, fhrogm al kyl, aryl,
heteroaryl, alkenylj am dof silyl, @and inorganic and prganic ligands. In

t hese enbodi nents, re rébmjﬁéfﬁohnd qgﬁg%a B¢ storthiometry usefu
to prepare Cl GAS and mat er\ . i iMUdi ng rials pdeficient in the
guantity of a Go 11 abem.” N /ﬁ?ecu conp this disclosure
may be a conbinati of of u*%%-x) equpval ents Rf MAL(ERR, uy*x equival ents of
MA2(ER), v*(1l-y) equwvalen of MLI(ER)3, v*y equival ents of MB2(ER)3,
wherein MAL is Cu and MA2 is Ag, MB1L and MB2 are differént atonms of G oup
13, wherein the conpound has the effptuledd 10 formul a

(mAi i xmAzoumi i ymmryxv(,, i-zSez)R),, wherein x is fromO to 1, y is fromO
tol, zis fromOtol, uis from0.5to 1.5 vis from0.5to 1.5 wis
frgm 2 Ei 0 GWh@@dloBs wé%#d)m]gtsmﬁ% ﬁrf, EﬁelgﬁrﬁH@lSclliff%nt\MfdrﬂsfbftClhemﬁ}%fe&ct\léﬂ 'ﬁﬂm_ngnber_, .
i ndependent sel ecte rom a , ary. eteroaryl, alkenyl, amdo, silyl,
and inorSgan‘ukgG&nI&’@r@%‘?o@?ﬂlfia&%&?eogﬁ 't ﬁegeeo bé E’r’éﬁP%,(Sé?YB‘P@cur sor
conpound can havg filrer &bedts Hiviredntiyn poefdel pdipmdriifrenahs WiiiGry 6 GS and
AlGS materials, including materials deficient in the quantity of a Goup 11
at om repigS SRy & fhents, a precursor conpound can be a combination
of w*(1-z) equivalents of MAL(ER1l), w‘z equivalents of M equival ents of
MB2(ER4) 3, wherein MAL is Cu and MA2 is Ag, nBl and nB2 are 20 different
atons of Group 13, erei n_the conpound has the enpiric formul a

(Cm zAgz),, I nxGay(ERL), (i _R (ER2) (Mz) (ER3) 3x(ER4)3y,Rw i\s from0.5 to 1.5,
zis fromO to 1, is fro to ;JEx\js f to 1, us y is one, and
wherein Rl, R2, RS, B th Oriﬁﬁﬁh di fiprRat, ang are

i ndependent |y sel ed ) orlgagﬁﬁggcgpf ve, fromalkyl, yl, heteroaryl,
al kenyl, am do, srTyl, andHE™norganiE and organic lig s./ In 25 these
enbodi nents, a preciyrsor c®mpound cRn have t st oi chlRo try useful to
prepare CAIGS, CIGS and AIGS materials, including materi/ally deficient or
enricheg)in the quantity of a C}oug,ll abgnl A precursor conpound of
this di Sklosure may be a combinati 687 8F X0 equi val ents of MAL(ER), v*(1-y)
equi val ents of MM ER) 3, v*y equivalents of 30 MB2(ER)3, wherein MCu, MBl and

MB2 are different atgmns of ;&oyp 13, rein ,, t coppound  has t he
enpirical f¥PHRgM x@HﬁMiyﬁﬁgiWnﬁiw@JE@%ﬁﬂ$3ﬁ@Qﬁﬂ@}gﬁﬁﬂ§wﬁ romo0.5 to
1.5, y is fAD®aOmt DI, dsa donibsnakib®@MeRof, @todns M*'iafid M O Be@hdsah@ of differept i s from 2
to 6, and R represents R groups, of which there are w in nunber,

i ndependent 3 &Rt w&cwgﬁﬁmﬁ%m Agrapd Ha Etigpoxr ¢ Te, atdaxiiyre 4/ do, silyl,
and i nofganigreand organic ligands. In these enbodi ments, a precursor
conpound can have the stoichionetry useful to prepare CIGS materi al s,

i ncl udi ng mat er ilApROthRE piRSFle s Byclashieipedyédes inrganis ARaliaipeof a Group 11
atom copolymers which may be represented by Formula 17

(XYY YY) ABIABZABS XX
20 Formula 17

where B!, B?, and B® are repeat units containing atoms MB, M®? and M®?,

respectively, which are atoms of Al, Ga, In, T1 or a combination thercof.
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I n sone enbo
5equi val ent s

di nent s,
of MA1,

VB2 ( ER3) awowher@airass VAl

wherein the conmpound has the enpirica
Cuzl nxGay( ER1) z( ER2) 3x( ER3) 3y,

fromO to 1,
di fferent,
10al kyl ,
| i gands.
stoi chi onetr

ary

X plus vy
I

y usef ul

is Cu, MBland MB2 are different
forul a

zis from0O.5to 1.5,
IS one,
am do,

Sl and

al kenyl , I yl,

deficient orTghé i ChRPirch HguIAUBNhbEND, rapesauaiiPantibo
provi des a range of polymeric precursor conpounds nmade by 15 reacting a

a precursor conpound can be a conbination of z
(E-1, K) x equivalents of Mi (ER2, y )equival ents of

RCTS200/0@06Up 13,

i norgani c and

i ncluding materials

xis fromOtol, yis
and wherein R1, R2, R3 are the sanme or each
and h@e?tain%ﬂf‘dﬁ%%ﬁlys RehehsRs aﬁcpgolﬁﬁeqia pe&ﬁfa&rs%ml% from

et eroary
| ninygnéieR argy@BRTHEsdts Table br ecur sor compound can have t he
to prepare CIGS material s,

organic

plcbinSordi scl osure

];T:)Ir’lzt/alrrgz'? r llyBgnua)‘ W tIQe %se%%ﬁ%%ns A% Ehat BZ). VmeIBecr 10|nS a and Rl
and R2 are tlhe sane or different and are independentlyIgammwmedrfron1alkyI,
aryl, heteroaryl, alkenyl, amido, and i nor gani d MiitER)r gani ¢ | i gands.
The conpounds nay contain n repeatlng u%%ts { MB( ER) ( ER)wheaml* inCu,epeat i ng
units {MA(ER) (ER)1, wherein n is 20o0ne or nore, or n ijssuumg or nore, and R
is defined, for each ¢ccurrence, the sanme as RI and FrOmmonomﬁl,poIymeric
precur sor nﬂgecule can be represented by the formula
{MA(ER) (ER) MB(ERR(ER) 1, or {MA(ER) 21, which are chmn stpod to
represent an {AB} repeating unit o%Mg&gg%yner|c precurs}vglere 3QF6 s
shorthand 25representation is used in the follow ng pccgg&ﬁgi§lé&bﬁmscribe
furt her exanples—ef—pohyrrericprecursors—Further—whanr—npre t“u“ e kind
of atom MB ils prgsent| the amountyefr B%ﬁpnd may be |dpkerided in “these
exanpl es by [the notation (x nBl,y nB ?@Q (Senl 3u) 2( 1|AYPPE MEH025) ( SenBu) 21
i s conposed |of repeating unit re t 0 repeati ng Amid&st, apRear| in
random or der|, aﬁ§ 75% of the §¥d55 Vh@Rgﬁiggnéontaln EQrMQﬁhuﬂlatOW and 25%
contain a gattiumato Exanptes of polymeric prﬁpp conpo nds of
this disclosure i ncl ude conpounds having any one of the IMnl
formul as: {Ag( 13u) 41 n}, ) n}, {Agc 3| an},
{Agi 5(SesB-|L. )4%% ., {Ag(@go(gu@@@% %p(%‘)a} {Quo. = §§ %@ 41 n},
{AMS%&th},{Am)&S%&n38m02&m8},{AMS% éwrﬁng},
{ Ag( SesBu) 4| r0—7Gao- o_, ; 11-\9\ SesBt4Hn0-—56ao:
{ Cuo. 2Ago. i (|S %&& Ca gm% %% S%&DMMW@W
{ Cua2Ago. 8( SesB) ¥ n} {OM @J& Y %ié\éé@}) R34 n0. 5} copolymer (AB),, a
5{ CuassAgo. i [(SesBu) ’% D5Gan._3lno 7} _ {CQuo 5Ago 5(SesR \t%@goﬁpyﬁ?nﬁl} ,
{Ag(SesBu)3(SetBu)Gﬁo 3In0. 71 , {CUO.8Ago.05(SesBu)3.Eﬁﬁa0wBbmﬁfJ§
Exanpl es of |poBARBABT | pYEERINOER G THROMTABR) O (TRHVE’ (gl)8 d ltdsare ai ncl ude
conpounds hayi ng any one of the repeat unit fornulas: |oligomer
{CUi.4OAgo.10(SetBu)i 5(SenBu)(Ino 2q§o 25A10 05)(SenBu)21 10{ CH Acr
(S(S)(1-Go A Bldf 1 A1, \A gm§§mnp o5 ("-
{ Cui . 20Ago. 10( gzl 3( ) 444 Bll nb gh
Cul | oAgo. 10(|Set .2(Sen u)(Ino o 05 qﬂ ;
{Q,“ 05AgO u\SLBu;I — \uetBu)(l RO~ 2 "". 21-\ O- 1\{Sett||.}
Polymer of any
—R—A— length, whether
*s>ABABees #A B Bﬁ_ linégar, branched, or
cyclic
wapmy | {TATATB—Bop | an s
ymer

23



Exanpl es of pol yneric precursor conmpounds of this disclosure include
15conpounds hayi ng any one of the repeat unit fornmnul as:

{ Cu( St Bu)we2rPriydim3s1P021; {Cu( St Bu) 2l n( St Bu) 21; {Cu( St BergasBuplom(oSnBu) 21;
{Cu( Set Bu) (SenBu) I n( SenBu) 21; {Cu(StBu) (SetBu)l n(SetBu)21;

{Cu( Set Bu) (St Bu) Ga( St Bu) 21; {Cu(SetBu)2Ga(SetBu)21; { Cu(StBu)2Ga(StBu)21 ;
{Cu( SetBu) 2l n(Set Bu) 21; {Cu( SetBu) (S&PA n( Sel113021 ;

Cu( SetBu) (35 I N{ SS el Bu. I S&PIT) 21, _and.
ECuE St Bu)%(S' D?E%I-gj 1 Rn?1zRe’presenia ;%Ttglggoﬁaiél%%@% ric ?’\r iIrQ?FFrQI % anpounds
of this disclosure in¢lude conpoundg -hagi ng any one of| the repeat upit
formul as: {CQu(SetBu)(HenBu)l n(Se ) 21; (\%( St Bu) (S1Pr|) I n( S1P021,

{ Cu('SnBu) ( St B ARSLBY) 21 ; { Cu( $enBu) (Set/Bu) I n( Set Bu)|Eyclic polymer
25{ Cu( St Bu) (|Sete @As)n( Bet Bu) 21; {Qu( Set Bu) (5t Bu) Ga( St BY )Cbaln oligomer or
{Cu( SnBuU) ( St[Bu) Ga( St Bu) 21; {Cu( SésBu) ( Set HB3) | n( Set Bu) gpPctamer

{Cu( SetBu) (SeTr)In(Se L13021 { Cu( SEBB FA\ Bu) I n(Ssth.)|2 ;
{Cu(Set Bu)(CR,Dr)(“-n( QR,Dr\91 and !(".ll L (Q1Dr)(‘-n( Q1DF?1 Fy:-\mr')l es Df

pol ymeric precursor conpounds of this disclosure include 30 conpounds

hayi ng any one gf rihle r§p re%mahvé &rnm{l@oﬁlal c{hglﬁ(lﬁﬁtB%)férsQ‘goaflé fehBatfizg) (S1Pr) 21;
{Cu(StBu)2(In,Ga)(StBu)21; {Cu(StBu)(SnBu)(l

Cu( Set Bu) ( SewtBu Yiel noly@eey ¢18am Bln)@n@’[al the @a@l&rl?,m) é@@@le)e(Olf nle@gné,Set Bu) 21 ;

R e o e

{ Cu( Set IBu) 1(63@37&)11/ rafleGahq SE&PROIR1 $tat{e@ (Sendtd alofSB ﬁdmplﬁﬁ)e(CS@Bu) 21;
Cu(Setl 3 T P 4113021.
Exagrplees gglfeé%ltﬂ AIPA %léc:%r E\%Aiéméﬁpgseg %‘ {11541& %ﬁhéé%l sc(f:‘kgur e fhﬁcl ude 5

conpounds ruaylrrregal am;n co:f mmanofzalém exidetp@atatarhiltor bmr) pudll@aeribed above, or any

A TR S R A e

{Cu( St 3u) (tﬁe‘pam)n(eﬂ MhalBaph &t Buy RdtherfrGieb Gt Undi)or & Brepéating Gai) (dtBu) 21;

Cu( n3u) ( St In,Ga)(StB esBu) ( Set Bu ']

L7 Cu( S| S P RIYPR i) kS B o TSR 4b B VS B 21
{Cu(Setl SU) riSesTiorh €, nIchb SRR IER );, ahdre{NE (s Rt 3t (BkdBDLX (rvaletsr) ( S1P1) 21.
Exanpl es of poI meri ¢ precursor conpounds of this disclosure include
conpounds h aﬂan SRl 3dﬁé0rothre?h8@ leptep g Anfe- Ipotindndgay cembingivncy) (0. 85

Set | 3u) (Se ntﬁ&k&tomauhiﬁg%%re%} ORERBHIrE bf thdRAkbr AebhtPrendt Idshe( St Bu) (0. 85
I'n,0.15 Ga) (Sti 3u)21; 4Q.75 Cu)(0.75 Stl3u)(SnBu) (0,80 In,0.20 Ga)(n3u)21;
40.8 Cu) (0. @p%tmfg@wls}édn%)( @I 7EOmep MY R Yomhine B fpm an AG 198RS ( 0. 95

St 1 3u) (et By thleISI{Nf MB@IQ 3t | 3u) 21; 40.98 Cu) (0.98

Set t 3u) (St Bu)t?O 600 oo Ga) (St13u)21; 2040.835 Cu)(0.835 Setl 3u)2(0.9
In, 0.1 Ga)(Set | 3@)2(2116 asp@aﬁ( QtleHQQSGFGS)r‘I“ﬁdQS@@E@}l(aSﬂ% gepdymery{ Wi¢!set Bu) 2( 0. 75

eI %%mﬁ%*%%é&%ﬁ? 1518 Prblee PRV ER (0°66 10, 0. 01

Ga) (S&Pr) 2 1altemadn%{tmﬁ(slﬁt0t B BTy F¢aid ?hdlrnreeldﬁsmam) AlSHABQ2LomS

M*!and M*2. A polymeric precursor that is alternating with respect to M® may

20  contain chain regions having alternating atoms M”' and M™”.

In further aspects, this disclosure provides AB alternating block copolymers
which may contain one or more blocks of n repeat units, represented as (AB"), or
(B'A),, where the block of repeat units contains only one kind of atom M®' selected
from Group 13. A block may also be a repeat unit represented as (A'B), or (BA'),,

25  where the block of repeat units contains only one kind of atom M*!. A polymeric
precursor of this disclosure may contain one or more blocks of repeat units having
different Group 13 atoms in each block, or different atoms M in each block. For

example, a polymeric precursor may have one of the following formulas:
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Exanpl es of pol yneric precursor conmpounds of this disclosure include
conpounds hayi ng any one of the repeat unit fornulas:

{ Cu( SesBwyOI2n(18a3Ba8) 21; {Cu( SesBu) 2Ga( SesBu) 21; { Cu( St PBW)UBR1OSBIME) 21;
{Cu(Stl3u)2ln(SnBu)21; {Cu(Seti3u)2Ga(SenBu)?21; {Cu(SetBu)2Ga(SetBu) 21;
{Cu(Stl3u)2ln(StBu)21; 30{ Cu(S enBu)(S etl3u)In(S etBu)?21,
{Cu(Stl3u)2G(StBu)2l; and {Cu( SenBu) ( Set Bu) Ga( Set Bu) 21. Exanpl es of
pol ymeric precursor conpounds of this disclosure include conpounds hayi ng
any one of the repeat unit fornulas: épJ(Set Bu) (SenBu) (0.5 In,0.5

Ga) (SenBu) 21; {fetpdead $:3ufREBeRBAB (4B kn, 0. 25 Ga) ( Senl 3u) 21;

{Cu('StBu) 2(0. 75 Hofnla 26 %)%gé&@;nmqu@{ (St Bu)2(0.9 In, 0.1 Ga)(St1301.

Exanpl es of polynmeric precursor conpou ® this disclosure include
conmpounds havi ngoanyladbe GFE)1-RBARPEAB )u@ﬁﬂ Wasr mul as:

5{Cu(S In,0.5 G)(Sel' | 3u)21;
{gj(ge?gyhgﬁ)%[%%gg %E%%&(%_ﬁ nnO 25 GaggsgnBu) ;)1

{ cu( S(n- hept y1) )RoSnBaR{-0. (155)1 BBmm(&B)@smu)zl and

{Cu(S(n- octyl))(PS LB?Q é?%zﬁl(\%)ﬁqg %ﬁdeExarrpl es of polyneric

precursor conpounds 10 conpounds havi ng any one
of the repeat urﬂotmfﬁl@QBml @)2 BBQL( 'Ba1(BID)@BBU) (| n, Ga) ( SenBu) 21;

| Ag(StBu) (S1Pr) (I n, Ga) (S113021; {Au(SetBu)(SenBu)l n(SenBu) 21;

{1-1g( St Bu) (SLPr)In(SL1Pr)21; | Ag(StBu)(SLPr)(In, Ga)(S113021;

| Ag( St BL) 2(Wher&B), (BSTaBtMB?&preée%&lfe@% Buiy( SerBIR ), f%l\/@%()ER%RBd) 21

1-1g(StB | 21: 4 S1Pr) Ga) (S113021;
{o( St Bu) 2( OB i G sty sy M T BT W arsbr BivpoTsvh, o 5

Al') (SenBt) %ffe&%oﬁ@fh@%)%§@rﬂﬁ§énﬁ@nﬂz/@ele&e@fr&% A n( &g 11 I-D(h‘)az:émb1nat10n
{(Cu, Ag) ( Set Bu)é SenBu) ( és enBu)

{ (Ag, Au) ( Stthagyf gupyh e(fqﬁ dah épfepzeient{e(p@} upily (et FR): ((BENERI n( SenBu) 21:
and {(Cu, H%G%MABM)gl%ﬁekmeﬁlB&&%MlZQ&ﬁm@%f@Eaaﬁqtfﬁr&ﬁ femRRECUr sor

conpounds of this disclosure i'nclude co unds haV| any one of the repeat

uni t f obiul @Ber and areadentificdpsgisscrigyd Wem%edsﬁpwﬁas )ﬂ(nsegiB%ﬁ)ﬁlf 1(0.9

Qu. 0.1 A0) (1B} 5605 0 -EM SRABY 24 B Gn o o o, or 6

Ag)(Set Bu) ( SenBu) ( SenBu) 21; 251(0.8 Cu, 0.2

Ag) ( Set | 3u) ¢reeit.3uY ©OF mor:%yl(%@r@ujem 9 ot @rezBr Luorgn@rs, or 11 or more, or 12

Ag) (Set | 3u) (; C;}}>3u)(ln Ga) (SenBu) 21; 1(0.7 Cu,0.3

Ag)(SetI3u)( enl 3u) (I n, Ga)(SenBu)Zl 1(0.65 Cu, 0. 35

Ag) ( Set Bu) ( Sen BLI)I (:¢rta,11®a)l(08m®ltﬁ 211M 14(@10616&;1;1@012%111 a chelating group —

Ag) ( Set 5 Cu, 0. 45

A8§E5et )(1?@2 mrP%% u?rETIa @9‘1&?0 5 Cu 0.5

AQ) ( Set Bu) ( SenBlel édrme &bc(dﬁﬂ&‘n&,l)l %norﬁelep@raﬁslt o d)fnemfoyrnmhder aplbenur sors

VPP i nven I‘OVI de a f rrerl c

brecur sor rSPRLOTeSr BiirLtabbsR MEHS “UHBRELRY 58 Byrt bty BimPr i

conpound coRuaddiitig thamheatoiinMbdr waukiupfel ® lehactoads, iwhoteAounda, In T,

or a conbinatjon thereof, and._a 8 ound cont ai ni nﬁj a. nonoyal ent atom MA
dHreeness & aate oo

Advant ageoud)d§" fraRiFt S OF fin HPREST LT SHHNFEYIER RS pol ymeri ¢

precur spy  CReRendsmahe tbihdndr NVRMokAMa ¢t ER) QBN M SO eI &dmpRs descri bed
bel ow. 5This di scl osure provides a range of polyneric precursor

conposi t i on¥OHPE FFRERTP BeOTRANGF BIRRYCT AL EIERTEIH AL Rt 'é Y al s and
sem conduct 8hfnohBr i @Mneric or higher form, when used as a reagent can provide the

monomer form.
The polymeric precursors of this invention obtained by reacting monomers
30  M*ER)and MP(ER); can be advantageously highly soluble in organic solvent,
whereas one or more of the monomers may have been insoluble.
As used herein, the terms "polymer" and "polymeric" refer to a polymerized
moiety, a polymerized monomer, a repeating chain made of repeating units, or a

polymer chain or polymer molecule. A polymer or polymer chain may be defined by
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aspects, the polyneric precursor conpositions are precursors for the

formation of sem conductor materials and sem conductors. I n
general , wbeopal1y2séri ¢ precursor conpositions of this i RCEAIS2@N/084084 NnON-
10oxi de chal cogen conpositions. In sone enbodi nents, the polyneric

precursor conpositions are sources or precursors for the formation of
absorber layers for solar cells, including CIS, CGS, AS, AGS, CATS,
CAIGS, C Gﬁ%ma/ﬁb@é\ﬁtmgea@a?g @ﬁﬁor%ﬁ%&&ﬁl RKR N ariond sRPeY BELhfecRYBEUT SOT
conpound may be made with any desired stoi chionetry regardi ng the nunber
of di ffer entuchpslgicanbpehedrryclis éli*?sde@flrn@rem s aigrtifeeipecifies fect i ve

st oi Chi omet it JoRfhan poll A il ABEHFRRIE] Bt 31089+df)BEIHeF§ precur sor
conmpound may be nmade by reacting nonomers to produce fp hai n. The
pol yner i ¢ pilietatispolfroerreerpaliimers atynons caningelyudenbeneidigermn,

propagatd o ﬁ‘ﬁl‘% olet mﬁlp {c precursor
may |ncI§ud2mt rt gflg@%%ﬁ‘%%%ﬁﬁ%@ﬁﬁg@nd %ﬁ?%‘mlex a conpound
MA(ER), whereewdvRs, civBslinked jaodgimdRs, ah@‘tasildg ¢hamd la@mm.llow moleculaidAs shown in

the stop o eameaetaaRu S SR b By B R Lo BB Nk e 25
where MA, M, deadrindes. altddyrags mefudaéﬂsealh@mg lmmj irhehgdt audpscliklp odymokr R2 of the
conmpounds . be é e.sa r i fferen are as defined above. REACTI ON
SCHEME 1: "r\f%%’@ﬁzf)“ PQYWE( e (R r dort ﬁanc (ER2) (ERL) MB(ER1)2 1 30In

React i orp Schene Msus&ﬂﬁdfﬂﬂ,)tﬁe el "IN compensioeRR IS a thdpontdronat he fir st
adduct 1, R).2 Reacti on Schenme 1 represents the initiation of a
pol yner i zat‘ioﬁﬂ? fmffréi‘ﬁﬁe?é?esconw?n%éi LRONERST, OF Ry P‘inbﬁp‘ééflﬂﬁr 1 represents the
formation ofolfh@izhidre rmme eiratRlyaeeid bmphent iRcIG@R @ HBlymeAMDNIMOIARE St eps, the
pol ymeri zation reaction may form polyner chains by addi n rmnorrers to the

first adducqnpe Yélt?“tz%%ftmtﬂﬁ‘éﬂ?|‘P§9lya’aﬁ%qmpoﬁlﬁ1§1n5’éf 3V¢ 3y FeMBHEttfecul e t hat
i's not obsehyadn¥h&do 1%9@%%%% S ayl dricheBdx @iy PR R scrifign addi tional

nonomers are bound to 5either end of the first adduct 1, then the first
adduct 1 behestinor may bpedicphgf RAYECTAB in the pol ymer chai n. In

general, O prenafiem M HRL iSerRlof TS her blFiaEHIMAAISARIFR) 3 and NA(ER)

can be generated by various reactions: exaqrrip , a conpound
MA(ER) can Ipeingmelyarce dhaystruetieas iwidh rxting urfs.1 Shawt¢igiRymetit oi(ER) can be

o provi do LB PRl ool BuROMKIRE bl Tl et G, e Na( ER)
and K(ER), d¢eesgbubitrewirytio dfipatticalseatpmackiconsy cﬁnpdiinéﬁrﬂ@vmg canteolgd defi ned
above. 20  stoichiometry can be used to make bulk materials, layers, and semiconductor
materials having controlled stoichiometry. In some aspects, precisely controlling the
stoichiometry of a polymeric precursor may be achieved by controlling the
stoichiometry of the reagents, reactants, monomers or compounds used to prepare the
polymeric precursor.

25 For the polymeric precursors of this invention, the group R in the formulas
above, or a portion thereof, may be a good leaving group in relation to a transition of
the polymeric precursor compound at elevated temperatures or upon application of
energy.

The functional groups R in the formulas above and in Table 1 may each be the

30  same or different from the other and are groups attached through a carbon or non-
carbon atom, including alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and
organic ligands. In some embodiments, the groups R are each the same or different

from the other and are alkyl groups attached through a carbon atom.
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I n anot her exanple, a conpound MA(ER) can be prepared by reacting MAX 15
with (RE)SI (CH3)3. The conmpound (RE)Si (CH3)3 can be nmade by reacting M-
(ER) wi t wWBS0 (101338, where Mt is Na, Li, or K and X i sPhalusgemn/044084 anot her
exanpl e, a conpound MA(ER) can be prepared by reacting MA20 with HER In
particular, Cu(ER) can be prepared by reacting Cu20 wth HER For exanple,
a conpound MB(ER)3 can be prepared by reacting MBX3 with 20 Mt(ER). M+-( ER)

can be prepared 1agoHeRpEdDaR RRBURY for M° canb@re@fb@éd%&raswzﬁpi)ﬁ,an@theormound
MB(ER) 3 can be prepared by reacting M3X3 Wi th (RE)Si (CH3 The conpound

(RE) Si ( CH3)Boreanfr e Mmehs bascraeseted i Gioy avhere R and Rnaraﬂ&Sﬁ@ﬁ %exanpl e, a
conmpound MB(ERL® a‘ﬁé@rebg??d% eRRLEANRch £aEHONE YB3 H%A Eth"'ﬁ?udl% Moreover, in

t he prepar ation of éﬁ'erl C precursor, a conp ound can
optional ly %@lmhthom gléey., aancmasrﬂylmdcuforgm a@d@mumdng&@(smy 3. For

:éﬁrelafents 0 %?%&h%g@oﬂmcﬁ%nﬁﬁagfe%a{ﬁg i an %‘(ém E@ og\tlamnF hTﬁe

conpound MgtERan¢ ane abieg] mwante@eéﬁlrd@@rqatbedaiabove 30The propagati on of

t he polyneric prec SOr C resent d in las in
Reaction Scherre e ¥ 61 Orﬁﬁi tgl% I'n (aracrtlﬁorrllla}é(t:)gﬂnimg% ep e‘glgen only some of

the reacti ong Rirada dffeleiitiand srewnduph amyedlhtwgh amrbasrocpmgaicanbnn abmt{ he pol yneric

t
PR ) VB ER IS | i TRt e i on e BB ogppie
MA( ER2) ((ERll)gVdeERﬁ)s&Wrﬁlf&l)meBlts thre oRedc Rl ﬁmiISQhEMé(ml (En%az,af&ohntfa:ran of a
nonomner first adduct 1, may produce additional

R1) 3 .or
adducts 2 aaﬁ]&af?aufyéﬁi)é‘éi ?tVQFe)WhrPHg e 5 Reaction Scheme 2

represents the figssmd érﬁ%bdﬁﬁen&s*@olﬁﬁi@ﬂ;&%re&lﬂﬁ} c&AFbundSadvithgedssly fen@dduct
i nternedi ate AB- MA(ER %ener al e adducts 2 and 3 may he transient
noi et i es th%?PtaéPraephr?éEh“%fb‘égéP Q82 figay 08 S REbTOPER herEining IPI}%RIQW produced.

The product gefc, Bﬂﬁmhﬂh} iorh hRbORMAZALd. On steps may continue to add nononers
nopr Opafg ation. Irﬁurthero e\:l\rllil‘]boldlnmel?l?sa‘E:hteIg(rjorlllpsS I%hn%r)r/emc%per%%gtlfycée (2C1r5% all?yclid a fonomer
groups. In these embodiments, the alkyl group may be a (C1)alkyl (methyl), or a

(C2)alkyl (ethyl), or a (C3)alkyl, or a (C4)alkyl, or a (C5)alkyl, or a (C6)alkyl, or a
(C7)alkyl, or a (C8)alkyl, or a (C9)alkyl, or a (C10)alkyl, or a (C11)alkyl, or a
(C12)alkyl, or a (C13)alkyl, or a (Cl14)alkyl, or a (C15)alkyl, or a (C16)alkyl, or a
20  (Cl7)alkyl, or a (C18)alkyl, or a (C19)alkyl, or a (C20)alkyl, or a (C21)alkyl, or a
(C22)alkyl.
In certain embodiments, the groups R may independently be (C1-12)alkyl
groups. In these embodiments, the alkyl group may be a (Cl)alkyl (methyl), or a
(C2)alkyl (ethyl), or a (C3)alkyl, or a (C4)alkyl, or a (C5)alkyl, or a (C6)alkyl, or a
25  (C7)alkyl, or a (C8)alkyl, or a (C9)alkyl, or a (C10)alkyl, or a (C11)alkyl, or a
(C12)alkyl.
In certain embodiments, the groups R may independently be (C1-6)alkyl
groups. In these embodiments, the alkyl group may be a (C1)alkyl (methyl), or a
(C2)alkyl (ethyl), or a (C3)alkyl, or a (C4)alkyl, or a (C5)alkyl, or a (C6)alkyl.
30 A polymeric precursor compound may be crystalline, or non-crystalline.
In some embodiments, a polymeric precursor may be a compound comprising
repeating units {M>(ER)(ER)} and {M“(ER)(ER)}, wherein M* is a monovalent
metal atom selected from Cu, Au, Ag, or a combination thereof, M® is an atom of

Group 13, Eis S, Se, or Te, and R is independently selected, for each occurrence,
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10 MB(ER1) 3 or MA(ER2). REACTI ON SCHEME 3: propogation 2 + MER)

(R1E) mB( ER1) 2mA( ER2) (ER1) nB( ER1) 2mA(ER2) 4 2 + MB(ER1) 3

+ MA( ER2)WaRM)INB(BR1) 2MA( ER2) (ER1) MB(ER1) 2 5 pr opogat i oRCT/US2010/044054
(R1p2mB( ER1) 2mB( ER1) 2mA( ER2) (ER1) B(ER1) 2 6 I n one aspect, Reaction Schene
3 represents the formation of the internediate 15 adduct (RE)-BAB-MA(ER) 4,
as well as the adduct (RE)2-BBAB 6. In general, the nolecules 4, 5 and 6

may be tranﬁérﬁamymlyﬁ%depom h@l&en@r ﬁm‘&@tsﬂ?péﬁhﬁ@%aﬂi@%&i hdchain is
ul timatel yelpr oduced reactions and additi ons ich may occur
n

i ncl ude t helnggaaie Pl@hodame%ﬁheaat%nqoMoaa@ampﬁ@m@wanh%@Ré@Rt)harﬁ ot her
propagat | ngraﬁ&}%?%el?&&rfr&?f%ﬁ%%f(}% ﬁﬁoYM%eth'%%ﬁ&fthMS&*&%”Eg%r sadduct! may

add to adduct 2 orm a | onger chajn. CHEME 4: propogation 1+2

5( R1E) MB( ERnixuvin ERYAERA pMBERDNR I‘W\? Em?lémlf)“%(@m andpallium. E | n one

7P oany or EnS Bt SR i SRR, W AEEB Rhnak B SG Ty nol be
observed whiedepandeotigeaiccgddafon each ondurienet &bm (il -Gokliced. I n sone

\r/rglr L}?;I gnfmyabgr]igngoggat In‘t)s of%% le%n%%n %ay\ﬁé ngr Igroxsfltdi\golgﬁerlc PSey ursors tg :‘Dcﬁxarrpl &
copol yners as lml@ad:xranbkaaﬂﬂ cyeliEar auligarelod aﬂ350ftther fougoing 3 Somy pdﬂ@mprruepar ed by
sequenti al I)a'rgc(jlllrsFolrsorplay ttilowa% rI{q%1S oqr}r(ljellt Wa tempern?ure below about 100 °C.

10 In some aspects, a polymeric precursor may contain n repeating units
{MP(ER)(ER)} and n repeating units {M“(ER)(ER)}, wherein n is one or more, or n
is two or more, or n is three or more, or n is four or more, or n is eight or more. The
repeating units {M>(ER)(ER)} and {M*(ER)(ER)} may be alternating. A polymeric
precursor may be described by the formula (AB),, wherein A is the repeat unit

15 {M*ER)ER)}, B is the repeat unit {M®(ER)(ER)}, n is one or more, or n is two or
more, and R is independently selected, for each occurrence, from alkyl, aryl,
heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In some
variations, a polymeric precursor may have any one of the formulas (RE),-BB(AB),,
(RE)>-B(AB),B, (RE),-B(AB),B(AB)n, (RE)-(BA):BB, (RE),-B(BA),B,

20 (RER-(BA)B(BA)B, “**(AB)s, “““(BA)s, (RE):-(BB)(AABB),,
(RE)-(BB)(AABB)n(AB)m, (RE)-(B)(AABB)W(B)(AB)m, (RE)2-[B(AB),]’, and
(RE),-[(BA).BT, wherein A is the repeat unit {M*(ER)(ER)}, B is the repeat unit
{MP(ER)(ER)}, n is one or more, or n is two or more, and m is one or more. In
further aspects, a polymeric precursor may be a block copolymer containing one or

25 more blocks of repeat units, wherein each block contains only one kind of atom M®.

A precursor compound of this disclosure may be a combination of u*(1-x)
equivalents of M*!(ER), u*x equivalents of M**(ER), v¥(1-y-t) equivalents of
MPYER);, v*y equivalents of MP*(ER)s, vt equivalents of MP*(ER)s, wherein M™' is
Cu and M™ is Ag, MBl, MB? and M®* are different atoms of Group 13, wherein the

30  compound has the empirical formula (MAl1_XMA2X)H(MB11_y_tMBzmet)v((S1_ZSeZ)R)W,
wherein x is from 0 to 1, y is from O to 1, t is from O to 1, the sum of y plus t is from 0
tol,zis fromOto 1, uis from 0.5 to 1.5, vis from 0.5 to 1.5, w is from 2 to 6, and R

represents R groups, of which there are w in number, independently selected from

alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In
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mli (ER) 3, m2(E-) 3,

MA3(ER), when present, during polynerization or propagation.
react i onsworonaddiissons of the pol ymeric precursor propagafriusponmysosncl ude
the formation of chain branches. As shown in Reaction Scheme 5, the 20

addi ti on of a nmononer

branched chain 8. REACTION SCHEME 5: 7 + MA(ER2) branching
(RLE) MB( ERLLM&%E@&EB@ %Blé&ﬁé%ﬁ@n(}ﬁ%bh&%%ﬁ%t@ udeflll /A /%\ ER

ER2 \ / nB

ERN- AE M/1 \ ER ER2 \

MA(ER2) to the adduct nolecule 2 may produce a

t(and MB3(ER) 3, when present, as well as MAL(ER), and

Certain

propagat i orpréi?ar@t ﬁél%$ Vel GSe CHi A IS8r AKENS Néiﬁl@%téfﬂﬁl%wci‘ﬁh%ar t by the

formul as i nmggﬁaplé Ji&gle%&}%ﬁﬁalea in the q?r nﬁﬂﬂof{:é Gryﬁ?l f QBMoﬁéxah{blﬁeaCt ion

y sonme representative reactions and
addi ti ons mmﬂ@MMﬁ@#k@@UUﬁnnﬁWQmbﬁagat|on of the polyneric precursor.

Schenes 2,

5

10

15

20

25

30

3, 5 represent on

In further embodiments, a precursor compound can contain S, Se and Te.

In some embodiments, a precursor compound can be a combination of w*(1-z)
equivalents of M*'(ER"), w*z equivalents of M**(ER?), x equivalents of MP'(ER?)s, y
equivalents of MP*(ER");, t equivalents of MP*(ER?);, wherein M*' is Cu and M™ is
Ag, MB!, M®? and M®? are different atoms of Group 13, wherein the compound has
the empirical formula (Cu1_ZAgZ)WInXGayAlt(ERl)W(1_Z)(ERZ)(W*Z)(ER3 )3X(ER4)3y(ER5)3t,
wis from0.5to 1.5, zis fromOto 1, xis from O to 1, yis fromOto 1, tis fromOto 1,
x plus y plus t is one, and wherein R', R?, R?, R* and R’ are the same or each
different, and are independently selected, for each occurrence, from alkyl, aryl,
heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In these
embodiments, a precursor compound can have the stoichiometry useful to prepare
CAIGAS, CAIGS, CIGAS, CIGS, AIGAS and AIGS materials, including materials
deficient or enriched in the quantity of a Group 11 atom.

A precursor compound of this disclosure may be a combination of x
equivalents of M*'(ER), v¥(1-y-t) equivalents of M®!'(ER)s, v*y equivalents of
MPY(ER)s, v*t equivalents of MP*(ER)s, wherein M*' is Cu, M®!, M®? and M®* are
different atoms of Group 13, wherein the compound has the empirical formula
MAlx(MBl1_y_tMBzmet)v((S1_ZSeZ)R)W, wherein x is from 0.5 to 1.5, yis from O to 1, t
is from 0 to 1, the sum of y plus tis from O to 1, zis from O to 1, vis from 0.5to 1.5,
w is from 2 to 6, and R represents R groups, of which there are w in number,
independently selected from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and
inorganic and organic ligands. In these embodiments, a precursor compound can have
the stoichiometry useful to prepare CIGAS and CIGS materials, including materials
deficient or enriched in the quantity of a Group 11 atom.

In some embodiments, a precursor compound can be a combination of z
equivalents of M*'(ER"), x equivalents of MP'(ER?)s, y equivalents of MP2(ER*)s, t
equivalents of MP*(ER’);, wherein M*! is Cu, M®', M®* and M™® are different atoms
of Group 13, wherein the compound has the empirical formula
Cu,In,GayAL(ER y1-2(ER?) i (ERan(ER)3y(ER )3, z is from 0.5 to 1.5, x is from
0tol,yisfromOto 1, tis from O to 1, x plus y plus t is one, and wherein R, R%L R?,
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Term nation of the propagati ng pol yner chain may occur by several

mechani snms. I n general, because of the valencies of the atons MA and MB, a
conpl et edwpabymar23shai n may termnate in a MB unit, but PootUSamoNWOSNIt. | N
sonme 10aspects, a chain termnating unit is a Bunit, or a (ER) 2B unit.

In sone aspects, the propagation of the polyneric precursor chain may
term nate when either of the nononers MB(ER)3 or MA(ER) becones depl et ed.

I'n certain ma@saret%smqwaadhruu?&@fﬁtdnaareﬁﬁﬁ@eﬁdeﬁﬂy M&w@rfap@&ﬁtlon of the
pol ymeric precursor chain may term nate when a &;owl ng chain represented by

the 15 for nesewrqRE)topplkdadtyisheprosryhabendrand syl padiingsanicandame t er i nal
(RE)-B uni tortgé}n{]f?gaﬁhsa 1f %k@elﬂéo\dhﬂ&tst RBrebQk ngg'-& pBRRBan hREALT! ON SCHEME 6:

5In Reaction™ S , two chains have co where the propagation of

t he pol yrrerst@ldamnetr}suseﬁlé@rmﬁ:mrd yIGAeY mdr(élﬁédnaéﬂalx meluging cngpearialshai n ( RE) 2BBBB
has chai t(fe%fg?gﬂ ub’ﬁlt&ﬁf&@?&l 3r g B units. In further aspects, the
propagation o e po ynmeric pre ursor chain may ternm nate when the grow ng
chain forns a r|A19reCIAsar$hmmndr®f Resatisclonre Sedydee cﬁmbmati@l @grdpagat i ng chain

such a2 TR EHLES Y LSS L R £ 7, o o
------ ERL MP!(ER)s;, v*y equivalents of MP*(ER)s, wherein M™' is Cu and M** is Ag, M"! and
MP? are different atoms of Group 13, wherein the compound has the empirical
10 formula (MAl1_XMA2X)H(MB11_yMB2y)V((Sl_ZSeZ)R)W, wherein x is from 0 to 1, y is from
Oto1,zis fromOto1,uis from 0.5 to 1.5, vis from 0.5 to 1.5, w is from 2 to 6, and
R represents R groups, of which there are w in number, independently selected from
alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In
these embodiments, a precursor compound can have the stoichiometry useful to
15  prepare CAIGS, CIGS and AIGS materials, including materials deficient in the
quantity of a Group 11 atom.
In some embodiments, a precursor compound can be a combination of w*(1-z)
equivalents of M*'(ER"), w*z equivalents of M**(ER?), x equivalents of MP/(ER?), y
equivalents of MP2(ER*);, wherein M*! is Cu and M™% is Ag, M®' and M®? are
20  different atoms of Group 13, wherein the compound has the empirical formula
(Cul_ZAgZ)WInXGay(ERl)W(1_Z)(ER2)(W*Z)(ER3)3X(ER4)3y, w is from 0.5 to 1.5, z is from 0
tol,xis fromOto 1,y is from O to 1, x plus y is one, and wherein Rl, Rz, R3, R* are
the same or each different, and are independently selected, for each occurrence, from
alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In
25  these embodiments, a precursor compound can have the stoichiometry useful to
prepare CAIGS, CIGS and AIGS materials, including materials deficient or enriched
in the quantity of a Group 11 atom.
A precursor compound of this disclosure may be a combination of x
equivalents of M*'(ER), v*(1-y) equivalents of M®'(ER)s, v*y equivalents of
30 MBZ(ER)3, wherein M*! is Cu, M®'and M®? are different atoms of Group 13, wherein
the compound has the empirical formula MAlx(MBl1_yMB2y)V((Sl_ZSeZ)R)W, wherein X is
from0.5to 1.5, yis fromOto 1, zis from O to 1, v is from 0.5 to 1.5, w is from 2 to 6,
and R represents R groups, of which there are w in number, independently selected

from alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.
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1\ERl i ER2-- AIB,-ER2 -, m-,m\ Z ER 15 A polyneric precursor conpound
may be a single chain, or a distribution of chains having different

| engt hs, worootrurss or shapes, such as branched, networ leetjusdenduioseri c,
and cyclic shapes, as well as conbinations of the forgoing. A polyneric
precursor conpound rmay be any conbi nation of the nol ecul es, adducts and
chai ns 20 descri bed above in Reaction Schenmes 1 through 7. A

pol yneri ¢ pmegdE s@bodherdillaprldiug6) &%{pb@ndm hBR tﬁ@si@lcmsm A}g@ug@ﬁ@@@ss of
providing a first nononmer conpound having the fornul a (ER1) 3, providing a
second monopfererTeloRAEiHe Jichlinaeaterilndaligionr ErRaghed Arlle geptictfiang t he
first nnnom@&mgqugﬁpd with the second nononer conpound. |n sone

enbodi ment s e first nononer conpound nay be a conbination of conpounds
havi ng t he for mihagmamrnifodimenysga greduinBZOER3)E, capher epmbivBbnghed MB2 ar e
differe A QPQ or di fferent
and ar enilt ngéquﬁgg{%t ?@ g(gpe% %ﬁloglh@ ﬁ{lgfﬁqﬁhz%ngsﬁgﬁ{ﬁ al kenyl,

ani do, si | ywhereint' ioEgaMii andeM ape Gidfiaieot dtolgmfdiroup 13, whetem thone vari ati ons,

the first nnnoner co ound npounds ing the
f or mul as %“muaéﬁéﬁg%ﬁﬁ?éf Eﬁﬁ”N@ﬁ ﬁﬁp?ﬁd MB3 are
at ons of Gr bl 1iﬂomabth ldy fsffameto f,xqrastyhie ond, hed whemd RRR’a RﬁarRaﬂhear e 10

defined the sa aspect s second nonormer
Comound. neyBar b akenbaedtiepsstieekivirGEE R Pl (R 2)
and MAZ{(ER3jlkyl el RitérodviN] alaarey], MAdd i kigy 1 clinl fuei @inic atl onBnis elo@aketh from Cu, Au,
Ag, or a co |na% gn t hereof, and R3 égﬁgfflned t he saneggs R1 and R2. 15In
further asp @?§H‘81H§Wﬁdﬂﬁ?%ﬁ“%ﬁﬂmﬁﬁn e storchionetly 85Uy i ncl ude t he
synthesi s Qfrepur& OIuBO M40 Mokl dMatGatt Nl @TicFB & cAfi @S idthe YAnafbraont acti ng

t he conpound with a conpound MA(ER), where MA, MB, E and R are as defi ned
above. For @eHRpI &Y ER) 2NI " B1(ER) 2MB2(ER)2 can be reacted with MA(ER?),
where MB1 and MB#;afiR1dshe psi®s @&algb%fﬁdlﬁﬁérl@gr%opéon@oq% edle bgOMet hods

for making a polyneric precugsor include enbodi nenfs in which the first
mononer | & oniseing 2 dind monemeid kR Wb Hercond FoBamer Ma(ﬁRébWé@rﬁtl\écls éd in a
process of H&R%fehﬂ al o5, AY"* Q9n a&%ﬂd}gup gf EI% § el &gr R

enbodi nents, the first nononer conpound secon “monomer conpound nay
be cont act ede thie same engiderantipng a@fmdep@rd\e@tbm@tecte@ @fom dioylainduetergaylC. 25

Control | i ”galﬁéhgl ﬁﬁlﬂiocé?kg@ﬁ& fbr cgafnc%%&%alﬁé hga'nay o.%' %%b&aiﬂr ecursors

A pol yneric predursof mpoun th an
n repeating units {M®(ER)(ER)} and n repeating unlts {M (ER)(ER)} whereln nis

20 one or more, or n is two or more, and R is defined, for each occurrence, the same as
R' and R”.

A polymeric precursor molecule can be represented by the formula
{MA(ER)(ER)MP(ER)(ER)}, or {M*(ER),M>(ER),}, which are each understood to
represent an {AB} repeating unit of a polymeric precursor (AB),. This shorthand

25  representation is used in the following paragraphs to describe further examples of
polymeric precursors. Further, when more than one kind of atom M® is present, the
amount of each kind may be specified in these examples by the notation
(x MP' .y M™?). For example, the polymeric compound
{Cu(Se"Bu)y(Ing 75,Gag2s)(Se"Bu),} is composed of repeating units, where the

30  repeating units appear in random order, and 75% of the repeating units contain an
indium atom and 25% contain a gallium atom.

Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas: {Ag(Se**“Bu)sIn},

{Ag0_6(Sese°Bu)3_6In}, {Ago_g(SeSBu)g_gln}, {Agl_s(SeSBu)4_5In},
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stoichionetry with respect to the nunber of different netal atons and atons
of Group 13 and their respective stoichionetric levels or ratios. 30ln sone
enbodi merwe,20tia7360i chi onetry of a pol yneri c precur sor PCOgseuna44v8y be
controlled through the nunbers of equival ents of the nononers in the
formation reactions. In sone aspects, the nononers ML1(ER)3, nB2(ER1) 3,
nmMB3( ER2) 3, and nu4(ER3)3 can be used for polynerization. Exanples of these

MONONer s arsag(géﬁ:%}%elsu%}( ﬁ?&gggoﬁbéﬁmﬁ Nﬁ%@ésﬁ dﬂ;@a groups R R, and R2

are the sane or are_groups a tache hrough a carbon or

non- car bon &%rSeBdisbidi GrgslaliRg(Se” Balwlloﬁ?vei gy yBwaladAemll | ani do, silyl,
and |norgan I 0 roups R,

R1, and R2 arﬁg(gé;gﬁﬂfnﬁﬁﬁ'o {C%O%Rgo 1f( ?ez?“e)?] ?Igowt%u%%z(rsg%gga are al kyl
groups at t atfrecAgohtSe Ry, ¢anddso £30Pm)+Ganshurtt her aspects, the nononers

MB1( ER) (§ER1?@1085K%P]1((§%&)% 8:;3 ﬁm?"{gu(')\%%&%%ﬁﬁ%@ %ﬁc}an be used for

pol yneri zat ere the group and R5 are each the
sanme or di f{m(éﬁBu)fsQS@muDCﬁvesloﬁﬁef@oamgboﬁSéBg)rsQs@pssha)b} ached through a carbon

or non-car bon atEgcrrl]anes ggpn 1c ré( rsPr 8imc{g otfﬁlrlso(fl FCB{OS%E}%&?C@/ ! ami do,

silyl, 10and i norgani anic ments, the groups
R, Rl, R2, Rﬁ;poﬁﬁushawdgﬁi@rm@f&acrdspehM1t§amlasr dlfferent fromthe ot hers

and are al k gr.oup atom Enbodi nents of this

i nvention 11‘“@@? @E%ﬁﬁ%&h%@@ 3?2 ﬂ??@f’%}‘i‘ 2é’mst ry of a polyneric

precur sy CcargeyaRsl (8 LES'BOYInG QGhad 14,0 (SBy), \desi red | evel through the 15
adj ust nent the a nts_of each of th mers provided in the formation
reactions. #@M%MZ%%P@H 0%@ %scgr} ol ymeri zation to forma
polymeric , (& mwggfé(gemglz(@yg gnd7g@4050andg)gl)(s/w]g@2}aaﬁu xture of nononers

MA( ER3) , Bl ( ER ) an}%%zo B2 K ). having any arbitrary ratios of

st oi chi omet HyLos n®GaozArh WECBRERL) 3 n nB2(ER2) 3" + mA(ERR)
initiation Examples of polymeric precursor compounds of this disclosure include

15  compounds having any one of the repeat unit formulas: {Cu(S'Bu)(S'Pr)In(S'Pr),}:
{Cu(S'Bu),In(S'Bu),}; {Cu(SBu)(S"Bu)In(S"Bu),}; {Cu(Se'Bu)(Se"Bu)In(Se"Bu)};
{Cu(SBu)(Se'Buw)In(Se'Bu),}; {Cu(Se'Bu)(S'Bu)Ga(SBu),};
{Cu(Se'Bu),Ga(Se'Bu),}; {Cu(SBu),Ga(SBu),}; {Cu(Se'Bu),In(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)In(Se'Pr),}; {Cu(Se'Bu)(S*Bu)In(S*Bu),};

20  {Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; and {Cu(S'Bu)(S'Pr)Ga(S'Pr),}.

Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas:
{Cu(Se'Bu)(Se"Bu)In(Se"Bu),}; {Cu(S'Bu)(SPr)In(SPr),};
{Cu(S"Bu)(S'Bw)In(SBu),}; {Cu(Se"Bu)(Se'Bu)In(Se'Bu)};

25  {Cu(S'Bu)(Se'Bu)In(SeBu),}; {Cu(Se'Bu)(S'Bu)Ga(SBu),};
{Cu(S"Bu)(S'Bu)Ga(S'Bu),}; {Cu(Se*Bu)(Se'Bu)In(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)In(Se'Pr),}; {Cu(Se'Bu)(S*Bu)In(S*Bu),};
{Cu(Se'Bu)(Se'Pr)Ga(Se'Pr),}; and {Cu(S'Bu)(S'Pr)Ga(S'Pr),}.

Examples of polymeric precursor compounds of this disclosure include

30  compounds having any one of the repeat unit formulas:
{Cu(SBu)(S'Pr)(In,Ga)(SPr),}; {Cu(SBu)y(In,Ga)(SBu),};
{Cu(S'Bu)(S"Bu)(In,Ga)(S"Bu),}; {Cu(Se'Bu)(Se"Bu)(In,Ga)(Sc"Bu),};
{Cu(S'Bu)(Se'Bu)(In,Ga)(Se'Bu),}; {Cu(Se'Bu)(SBu)(In,Ga)(S'Bu),};
{Cu(Se'Bu)x(In,Ga)(Se'Bu)y}: {Cu(SBu)(In,Ga)(S'Bu),};
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mA( ER3) (ER1, 2) (nnBi , mmB20,0,2)2 , In Reaction Schene 8, a polynerization
can be perfornmed with a m xture of nononers in any desired anounts. In

certain wipi2atlyamss a pol ynmerization to forma 25 pol ymeCraspeieswisor may
be initiated with a m xture of any conbi nation of the nononers descri bed
above, where the nunber of equivalents of each nononmer is adjusted to any
arbitrary level. In sone variations, a polynerization to forma polyneric

pr ecur sor cm(@@gggmgmm);}h@Cﬁ(gggﬁﬁgeslarl)\(ﬁ(jggg@eprglg\Z(ER2) and MA3(ER3),

for exanple, which cted in any desired,quantity to produce any

arbitrary rHEe R FRL nSMEBYD ; KﬁA‘KSeBH)(§%1?*Fé(IIa§b)é%€’(P§)2}ﬁ§ﬁ1 al ternating

copol ymers of, §BOREBHEN M{ER)),and MB(ER)3, the ratio of MAto MBin the
pol ymeri c precursor can be controlled froma 5ratio as low as 1:2 in the

unit BAB, for exaapbles ofpplemerigtresutspr compopurdsah thad digdlosarciimggudcAB) n pol yneric
precursof, 1, %uﬂcgthhg{nggrgjug éth% htgﬂcﬁrfomg‘%g. ratio of MAto MBin the

pol ynmeric precursor tol, or 1 to 1, or 1to 0.5,
or 1.5 to O{Gy(SéBu)HSBwEs &) Bu}; {Gu($Bul($iEIr)(Ie,ﬁ3b}c(l‘iPme}nts a pol yneric

precursor c b \ onetry of the nunber
of differ en%%&sﬁ%%gg)@gﬁé}g{g%ﬁgu)g E@ig’%gg)e 1frj?‘}(él r respective
concent r at i giu($BuESSBOIn/Gah(SeBn), };n CueSetBui)i$ Bo@aCaySBa),pol yneri zation to
forma pol yperi cursar e d f.0 L ri c precursor having
any ratio O{@%ﬁu@(@%ﬁ'ﬁﬁa)&%@%ﬁﬁﬁu&%iﬁ)&gkug@n@w@%ﬁu) > pol yneric precursor
havi ng ﬁhe AOUTPOBI S P (TpGAYNEER) /| Cor SYBLG(ER 31, Tr)(sm@g}ER)?l ;ray be formed
usi ng the m xtur, .nmonopers; m 15 nr3 MA( ER) . REACTI ON
SCHEME 9: %%%@?%P%Qéﬁ?ﬁ%@)z ang {FM%SE%) Mfm&@@?&ﬁz}mu ER) 3 n nB2(ER) 3}
pol ymeric precurgx@mples ofpolymericrpr&@fsblaédﬂlp\éaﬁds%tfH@sﬁﬁscl@ﬂﬁé indhieer of nonomner s
of MA(ER) and any nunber of 20 nononmers of MB(ER)3 can be used in the

formation reRPOrHldaviEgpnYshsRhhs reRatdHitf B pr ecur sor may be nade with
t he mononer o MAEGRRS SEBZ(ERBu) M ERGa)®IIRLER) 3, mB2(ER1) 3,, nB3(ERZ, 3

15 {(0.9 Cu)(0.9 S'Bu)(S'Bu)(0.85 In,0.15 Ga)(SBu),};
{(0.75 Cu)(0.75 S'Bu)(S"Bu)(0.80 In,0.20 Ga)(S"Bu), };
{(0.8 Cu)(0.8 Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu), };
{(0.95 Cu)(0.95 S'Bu)(Se'Bu)(0.70 In,0.30 Ga)(Se'Bu),};
{(0.98 Cu)(0.98 Se'Bu)(S'Bu)(0.600 In,0.400 Ga)(S'Bu),};

20 {(0.835 Cu)(0.835 Se'Bu)»(0.9 In,0.1 Ga)(Se'Bu),};
{Cu(S'Bu)x(0.8 In,0.2 Ga)(S'Bu)y}; {Cu(Se'Bu)»(0.75 In,0.25 Ga)(Se'Bu),};
{Cu(Se'Bu)(Se'Pr)(0.67 In,0.33 Ga)(Se'Pr),};
{Cu(Se'Bu)(S°Bu)(0.875 In,0.125 Ga)(S°Bu),};
{Cu(SetBu)(SeiPr)(O.99 In,0.01 Ga)(SeiPr)z}; and

25 {Cu(SBu)(S'Pr)(0.97 In,0.030 Ga)(S'Pr),}.

Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas: {Cu(Se’Bu),In(Se’Bu),};
{Cu(Se’Bu),Ga(Se’Bu),}; {Cu(SBu)In(S'Bu),}; {Cu(SBu)In(S"Bu)};
{Cu(Se'Bu),Ga(Se"Bu), }; {Cu(Se'Bu),Ga(Se'Bu),}; {Cu(SBu)In(SBu)};

30 {Cu(Se"Bu)(Se'Bu)In(Se'Bu),}; {Cu(S'Bu),Ga(S'Bu),}; and
{Cu(Se"Bu)(Se'Bu)Ga(Se'Bu)s}.

Examples of polymeric precursor compounds of this disclosure include

compounds having any one of the repeat unit formulas:

{Cu(Se'Bu)(Se"Bu)(0.5 In,0.5 Ga)(Se"Bu), };
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) and MB4(ER3) 3, where the nunber of equivalents of each nononmer is an

i ndependent and arbitrary amount. For exanple, the ratios of the atonms MA:
MB i n a pwDRnEr(1e23sr ecur sor nmay be 25about 0.5 : 1 or gPEAUSRG1008408b0OUL
0.6: 1 or greater, or about 0.7: 1 or greater, or about 0.8 : 1 or greater,
or about 0.9 : 1 or greater, or about 0.95 : 1 or greater. In certain
variations, the ratios of the atons MA: MB in a polyneric precursor nay be

about 1 : % S@B&)@ée%u)((ﬂfs Iab)%t(}a%m Bule/% @(ﬁu(qu%?zE(ﬁTS In,0.25 Ga)(S'BUl,3f ur t her
exanpl es, e ratios of in a polyneric precursor may be

f r om about @ldécﬂlbg%lﬁdﬂﬁhlaoé Ga¢SBwom about 0.6 to about 1.2, or from about
0.7 to about 1. ]Exaﬁ’i[)leg 5\358 ﬁ&ﬂtpr&uﬁog&nﬂaggﬁﬂs o%thls dif¥ silfeqmlﬂﬁom 0.8 to

about 1, or from about some exarrp e ratios of the
atoms MA:  MBnipquidshevhy et dng op theeencatomitferynulps: about 0. 80, or about 0.82, or

about 0.84, r about 0.90, or about 0.92, or
about 0534 {%{{(Sggg&hﬂ%(%%u)gd ﬂﬁ@ﬁthagsggjlh r about 1.00, or about 1.02, or
about 1.1, {Qu(&ﬁtﬂmﬂmxyl))(ze Bn(0815dub). 21%)(S@“Buhbput 1.5. In the foregoing
rati os MA : e o r f all atons of MA or MB,

respectivel re nor’ aII<1| nd of MA or MB, such as MAl
and MA2 10 ahde@dB)ttﬂ)r)(d;thm9IA$)ls®a)mﬂBm)m} Reaction Scheme 10, a polyneric

th t
PR ER o me ) EampBY ek SERRE R Gt idsoner s m
I{VBw:A E Eg g)(’rh%ol&lﬁ)oﬁndiAéEEQ anyREAGT GG rkiesm MLLL(ER) 3 n m2(ER)3 MA(ER
m ur . eating unit In
Reacti on Sc%sg?é ﬁg(émlﬁ‘)é) 5@#@?%%%%‘5@)(3%&8 GS)SPr)2 “mbodi grgrents of this

i nvention nggu(g@]gﬁ)t&m]g@mgénga)zg Mymslpr)m(m%sor made from nononers of
MA(ER) and MB(ER) 3 equi val ents of nononers of

MA(ER) is | &sESBHED Pf)ﬂé anﬁSEF)Z?hdﬁ@@B@f(lféﬁ@@%Wéht s of monomers of MB(ER) 3.

In certain WQQBW%)f(@ G%?(lsmﬁzl}Ci}@é(@‘@'dﬁ(§';§\”/&(lﬁ@é)(@@r)@}ide that is
substoi chionetric or icient in tive to atons of MB.

As used!her &4 BuKE Pt bisk] Sﬁ)(m)z}s{/élé(ﬁ%i)é%ﬁ Ingf} 1 Maa)(SBelsi ci ent to MB
refers to a g@@@ n Wmchthere are fewer atons of MA

t han MB. 25@ use t%e%((pglf(ﬁgﬁx%r%@m on MA is enriched, or MAis enriched
rel ative tol(WBSTBHETSBOH. T lodRSosIE'Burdr fornula in whi ch there are nore

Paving the S caPe s BIRACLemRrs | PR USPRS0 PBEHIS: 1 PLe T or e
usi ng the MKty SeBuIBHBMENS ML} Fand {@u, Hg)(StBU)(S Pr)In(S'Pr),}.
20 Examples of polymeric precursor compounds of this disclosure include
compounds having any one of the repeat unit formulas:
{(0.95 Cu,0.05 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
{(0.9 Cu,0.1 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
{(0.85 Cu,0.15 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
25  {(0.8 Cu,0.2 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Sc"Bu),};
{(0.75 Cu,0.25 Ag)(Se'Bu)(Se"Bu)(In,Ga)(S¢"Bu), };
{(0.7 Cu,0.3 Ag)(Se'Bu)(S¢"Bu)(In,Ga)(Se"Bu),};
{(0.65 Cu,0.35 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
{(0.6 Cu,0.4 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),};
30 {(0.55 Cu,0.45 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),}; and
{(0.5 Cu,0.5 Ag)(Se'Bu)(Se"Bu)(In,Ga)(Se"Bu),}.

Preparation of polymeric precursors (MPP)

Embodiments of this invention provide a family of polymeric precursor

molecules and compositions which can be synthesized from a compound containing
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MB2(ER) 3 and MA(ER). REACTION SCHEME 11: v(1-y) M31(ER) 3 v(y)

M 2(ER) 3AMA(ER) mAx(nmB 1 ynB2) v(ER)w} pol yneric precursor 5 where w can be
(3v+x). Iwosonwiesbodi nents, a precursor conpound may becCa/usenionass on of
u*(1-x) equivalents of MAL(ER), u*x equivalents of MA2(ER), v*(1l-y-t)

equi valents of ML1(ER)3, v*y equivalents of MB2(ER)3, v*t equival ents of
MB3(ER) 3, wherein MAL is Cu and mA2 is Ag, nBl, nB2 and mB3 are different

atoms of  GrguRor §1° WeRbg) 1 dehicd or0DEUNE, NAS ddBebaARL iheabs Leramul aAi i
XmAzou(mii y tnB2ynB3t)v77, wherein X is fromOto 1, yis fromOto 1, t

is fromoO t‘@@ou@%nﬁuﬁﬁ%mynqyﬂ?msal@?geszf)rRo)m/\/ 0Oto1l zis fromOto
1, uis fromO. gkcfvgnt;ge%us fa'cﬁe fRIER 1R stygthtl,sléan %dlﬁlotl'b?ﬁal%né& 6, and R

represents R groups, ich there are’win i ndependently sel ected
from al kyl , preguysor cmoemdﬁenfyhl,s ITHBM@M)PIBVG@F??@@COVSIGHWS deggnibied bedrvgani ¢ and

oo € B SR SR SHIED! S AL SOOI Ry nave Lhe
fromO to 1qan91>e|trsn8ﬁ“¢rm¢dﬁ)1t® sr:nmc;onkiucrtsr Iﬁzrtclmlsoantd(selmcomdwtomrinmmey plus t is

from0 to 1ds gcts ﬁle é)of& r1C grecurSor cto pﬁltlons are éorecu¥sors 15 r tP'e {%matlo OIP 0.5 1o 1.5,

wis from?2 resen ere are win
nunber, as géaiﬁaolnélmbmbm&malsmuBermoamluetnisodl nments, a precursor conpound may
have the enpiri

wherein x is. f.rgﬁlgﬁ}ce?ag’q}fég%}}(rpgwfﬂr% % é nwﬁﬁ%y@% %%f:e/%l fsli zSetZ%S) \évum of y

plus t i6s faoxade dalkogeh.compositidnkom O to 1, u is from0.7 to 1.25 v is from
0.7 to 1. 25, WIS from2 to 6, anle represents R(ilrou ps, of which there
are w in nunber N 3UNGIRRGERenL), g @O y?B’flﬁp’éeﬁ?FéoréHWB‘ﬁﬂ A0S P SOYCHYEcur sor

conpound map/reéi@s\bes fbhﬁie%fﬁiaﬁd)ﬁ@abid%dﬁwy@rs for solar cells, 1nclud1n% CIS, CIGS,

( Cui xAgx)uInl %%é%SI zSe% ;w wherein x is fromO0 to 1, y is
fromo to 10M%4 qu &%B}%atﬁoqgrfi}‘%o*[ol zZis
fromO to 1, u igp élgﬁ%é)prgcurréérgor%uné{ni ﬁb@ M QitPatyelird, Wis from3.6 to
4.4, and R represen groups here are w in nunber, as defined

above. 1in %@ﬁlﬁo@ﬁﬁb‘iﬁg%@ﬁg@e nymbpieqf i TERsent ensiab afamd andsfomeo GBS nat i on of
we(1-2) equan\ﬂf%ﬁ&ﬂien% ?&flssl%%chgdﬁlelmcllévélsWrgtlcﬁqu' val ents of MA2(ERZ), x

equi val ent s of ,
As discussed below, a polymeric precursor compound may be made by

reacting monomers to produce a polymer chain. The polymeric precursor formation
reactions can include initiation, propagation, and termination.

20 Methods for making a polymeric precursor may include the step of contacting
a compound MP(ER); with a compound M*(ER), where M*, M®, E, and R are as
defined above.

As shown in Reaction Scheme 1, a method for making a polymeric precursor
may include the step of contacting a compound MP(ER"); with a compound M*(ER?),

25  where M* MP, and E are as defined above and the groups R' and R? of the

compounds may be the same or different and are as defined above.

REACTION SCHEME I:

nitiation

MB(ER"); + MAER?) -  MAER*)ERDMP(ERY), 1

30 In Reaction Scheme 1, MP(ER'); and M*(ER?) are monomers that form the
first adduct 1, M*(ER),M®(ER),. Reaction Scheme 1 represents the initiation of a

polymerization of monomers. In one aspect, Reaction Scheme 1 represents the
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)equi val ents of MB2(ER4)3, t equivalents of MB3(ER5)3, wherein MAL is .B3
Cu and MA2 is Ag, BmnmB2 and mare different atons of G oup 13, wherein the
5conpoundwbasitttne3snpi ri cal formula (Cui _zAgz), | nxGayAl PCERKR(10D44054

z) (ER2) (wz) (ER3) 3x(ER4) 3y(ER5)3t, wis from0.5 to 1.5, z is fromO to 1,
xis fromOtol yisfromOtol t isfromOto 1, x plusy plust is
one, and wherein Rl, R2, R3, R4 and R5 are the sane or each different, and

are i ndepengnidoy of Bl enbatdial IR, qggwem%eongfofh@mt skigk . aryl,
heteroaryl, alkenyl, am do, silyl, and inorganic and 10organic Ii gands

I'n some enbisWymEHREEON reacis By S RobHRRS Ghrinyhyadding eonprers ipihe figdl  f or mul a
(CU' ZAQZ) Adﬁﬁ&éfiyﬂ th&t%@ﬁm&ddd&&tﬁ%ﬁ%)b(e\aqrmléﬁ%)ofﬁe&ﬁé% %Eﬁ%&%d wis from

fromO fromO 1,y fromO t t is from
0 t o 1 x p\h’h@ %ﬁolpﬁeusha@n 1|S glt@mﬂéely Bﬂ@duqme?"\éleh aMtIOIRQmOIRBnerme hmlld% are as

def i ned boé{ﬁier %nﬁlo@th%% 2 BROHIRE S1irsPaddhE T HeS s SARAMNATBYS flave the

enpiri ca for

(Cui _zAgz) ,thclg@mﬁidhéﬁl?l) (| z)(ER2)(\oz)(ER3) 3x( ER4) 3y(ER5) 3t, wis from
0.7t01.25,2|s B Otol t is
fromo0 to 1, x pl éeneral tP Brep'f‘re "‘£°1<¥me““ Breﬁurv&{e@ee“%m%f 3%% &% M4 and R5 are
as defined MB(Bchaﬂbbmamteérbbwmdmmctasuom precursor conpound nay have the
enpirical formu

20( Cui _zAgz), | nfa@éffﬁln{p eEﬁf?r}l]f?ufg)N{ DY (AR &S PreRRsY gﬁeﬁﬂw(%%?& , wis from
]9 8t 8 0] 9?M (EH')SMTBK)E@H b@gr&paréﬁ HySreid’[iﬁgTE%ﬂﬂAR to provRle Li(@R). Ong.)lR)l, dt RiSS

rom to X one, a er.ei an are
as defined ¥BEGAS Clgl%egto pry d? Hhﬁhﬁ 101%1%%‘3’(‘?5%*‘“6& V‘fﬁhﬁpg%er@) freric

precursor C}ﬁﬂﬁ@élﬂd%maﬂd RBVRANa@eokS). Yin BRs@fceRRnE &, Widhl Minyte glesi r ed
st oi chi orretry of the nunber of different 25netal atons and atons of G oup

13 and t hei ¥iPedPw¥ei ve stoichionetric levels or ratios. As shown in

Reaction Schene IAanotﬁeresaAryﬁI@ralcem 5&@%‘5@[{ CANRYYrIBY r&Lting WrgPared by
f ER2)3, and z

contacting X e% val ents of MBI ( %{ (%B qui val ents of MB

equi val Ent sWih (igERE));. W%O@PIW@:L( Wei(QUB2: cap be Bids oy sprtinaMBRbf  Group 13,
X is 30fr0mv9h§8f(@H§-)3 theYeMslstfaom grfl 51191)@-15511%1&5@ zis from0.5 to 1.5. For
exanpl e, m31 nay I'n and CTI ON SCHEME 12: x MB1(ER1)3

Yy NB2(ER2)3 + 2 AU NABBO A NG ER) ganboprned pERay Gyl o
pol yneric pLeCHEROT, MhrRAUNTENER) BRAS B Sk S0 TROHACC MY AN ER  he enpiri cal

formul a
For example, a compound MP(ER); can be prepared by reacting M®X; with

20 M'(ER). M'(ER) can be prepared as described above.
In another example, a compound MP(ER )3 can be prepared by reacting M"X
with (RE)Si(CHsz);. The compound (RE)Si(CHzs)s can be made as described above.
In another example, a compound MP(ER); can be prepared by reacting MR
with HER.
25 Moreover, in the preparation of a polymeric precursor, a compound
M "MP®(ER), can optionally be used in place of a portion of the compound M®(ER);.
For example, a compound M M®(ER), can be prepared by reacting M®X; with 4
equivalents of M (ER), where M" is Na, Li, or K, and X is halogen. The compound
M'(ER) can be prepared as described above.
30 The propagation of the polymeric precursor can be represented in part by the
formulas in Reaction Scheme 2. The formulas in Reaction Scheme 2 represent only
some of the reactions and additions which may occur in propagation of the polymeric

precursor.
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5 Cuxl nyGaz(ER1) x(ER2) 3y( ER3) 3z, where R1, R2 and R3 are the sanme or each
different fromthe other. A polyneric precursor conpound of this kind can
be used twocomtmaissthe ratio of In to Ga, and nmake the PaTius200/0E058
predeterm ned value. Controlling the stoichionetry of nonoval ent netal
atons MA 10l n sone aspects, a polyneric precursor conposition may

advant ageously be prepared with any desired stoichionetry of nonoval ent
met al at omsRMACTION SCEHM® yrents of this invention can provide polyneric
precursor conpounds that may advantageously be prepared with any desired
stoichionetry with respect to the nunber of different nonoval ent netal

el enments and their respecti pepsatdnos. 15 Polymeric precursor compounds
havi ng predeterlnﬁiMa]%( ]() chi-efret+y—may be used in a process for making a
phot ovol t ai ¢ absor ber Iayer havi ng the sane predeterm ned stoichionetry on
a substrate. Processes for nmaking a phot ovol tai c absorber | ayer having

predeterm ned stoichionetry on a Mi?(gR ER4 hM @1@1 )pr gcur sor
havi ng the predeterm ned stoi chi orretry onto e substrat e and cOnhverting
the 20deposited precursor into a photovoltai c absor ber material. In sone

enbodi nents, a polyneric pr%g)g(ggggg can be made with a predeterm ned

stoi chionetry qfs Pekatl 1 2y Goup 13
can be a defi clgen%/IAOf opper, in which tEERrgFrRoMX?(ER W%Rég"

Cu/ (In+tG), or Cu/(In+tGa+Al) is less than one. The anount of Cu relative to
at ons 250f G oufin R3actidf semﬂeezc;theaamh@hmomnewﬁgﬁ{ )z drvABROho tee rati o of
Cu/ I n, C—,ra /(t n+Ga) E:ér n+Ga+Al ) greater than one. In sone
enbodi ment sISERAgHIt LY erogrceé gl pdioe e oK - P BRFASBYHi ned

st oi chi osmtmaacﬁktn meﬁéQma)res&hwﬂ@rf&%ho@éftﬁgadda&thE)LBAtBoasarv@m@s tef G oup 13
can be a defjciency o lver, in which the ratio of Ag/ln, Ag/Ga,

Ag/ (1 n+Ga), adérctﬂgrrmeﬁm@eﬁﬂw “(ER). | lggenartlefhe mctﬁﬁédémﬁﬁﬂw% relative to
atoms of Gﬁ&@nés?th&@fé Iro%ﬂs@&/&d %Héﬂ @f&ge%hgﬁ isSllt{REly ptddudddi ch the ratio of
Ag/In, Ag/Ga, Ag/(In+Ga), or Ag/(ln+ i's rea%,erthan one. In sone
enmbodi nent s, %Blles@rﬁéiﬂﬂ@: Obtih@mytraé eropwﬁmbéterrm apntitpedo sddynenpatcsy i ned

stoi chi orret | ative to atons
of Goup 1 rXp %E%OQJ &gﬂ?@g}nﬁ%@ﬁ% SE@%B%@?‘M% &S@Qq}oﬁ%ﬁch the ratio of
(Cu+Ag) 10 n ME@MA@)B@QERQOHAg)/(I n+G), or (Cu+Ag)/(I n+Ga+Al) is |less than
one. In sone enbodi nents, the amount of Cu and Ag relative to atons of
Group 13 10can reflect enri chnment of copper and silver, in which the ratio
of (Cu+Ag)/ REACTIOAGPLEREMIE+AG) / (I n+&), or (Cu+Ag)/ (I n+&G+Al) is
greater than one. In further enbodi nents, a polyneric precursor can
be made with a predeterm negoskaioghi onetry of Cu to Ag atons where the

pr ecur sor haszanMrA@ER%) of Cu to Agse The ratio of Cu to Ag can be from
about zero, where the precursor contains 15little or zero copper, to a very
hi gh rati o, where the precursor contains little ero_silyer. In
sone aspects, polyneric pr(R N@(EB&I)N&(ERZ (ERE)M%ER@)QM%(’ER%\)H 49
predeterm ned stoichionetry can be used to nake photovoltaic naterials
having the stoichiometry of CIS, CGS, AlS, AIGS, CAI'S, CAIGS, or CAlGAS.

20A precursor conpound of 1\}[}3 ﬁjo(%ﬂl(}ﬁ)[B&ﬂyl\/Pe(ﬁlx)?ﬁﬁ” (ﬁﬁlﬁjf g (1-x)

propogation

B p
2+M7(ER"); -

R'E),MP(ER),MPER),MAER*)ERDMP(ER ),

In one aspect, Reaction Scheme 3 represents the formation of the intermediate
15  adduct (RE)—BAB—MA(ER) 4, as well as the adduct (RE),-BBAB 6. In general, the
molecules 4, 5 and 6 may be transient molecules that are not observed when a longer

chain is ultimately produced.
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equi val ents of MAL(ER), u*x equivalents of MA2(ER), v*(1l-y) equival ents of
ML1(ER) 3, v*y equivalents of MB2(ER)3, wherein MA1 is Cu and MA2 is Ag, Ml
and MB2 awe iffdfiesent atons of Group 13, wherein the comrpoirsdoieassoshe
enpirical fornmula (mAii xmAzoumii ym2y,v,,, )i-zSez)R),, wherein x is
fromOto l, yis from250to 1, zis fromOto 1, uis from0.5to 1.5, v
is fromO0.5to 1.5 wis from2 to 6, and R represents R groups, of which
there are win r@tﬁé}%w@&%@@&ﬂ%%&%@%@ﬂ ihd1 QDR dedltion dF Ydrraichet er oar yl
al kenyl, am do, sil i norgani c and organic ligands. In these
embodi ment spTopAga fdl@w C@Ghlp@ﬁwapr@a%gah%g/@atnﬁeF@q%ﬁ@ﬂthQ\yﬁl Wseful to
prepare CAl (cidd $ehoAld, £GP 1 MRSl ) Sioudi G WFNCoARE Bl s deficient in
the 30 quantity of a Goup 1T atom sonme enbodi ments, a precursor
conmpound can be a conbi natl on of w(1-2z) eqw val ents of MAL( ERl) WF z
equi val entsE&{ 1\¥$ M Eequi val ents of Mivherein MAl is Cu and M2 is Ag,
are er en a

n31 and tons of Goup 13, wherein the conpound has the
enpirical forrmula (Cui zt)ldnl nxGay(ER1), (i _z) (ER2) (W 2z) (ER3) 3x( ER4) 3y, w
|sfrom05t01 ,z@TPomOtol x is fromOtol, yis fromOto 1, x

plus y is one,~ an‘d wherein Rl, R2, R3, R4 are the same or each different,
and are independently sel ect ed for each occurrence, from al kyI aryl,

heteroaryl, alke amldo nd B apic a organl ands. In 5
t hese engbodl n@?ﬁt@i\/[a( &zﬁl% E(EKREI%( I(ERE y7useful
to prepare CAIGS, C GS and AI GS materl aI s, including materl als deficient in
the quantity of a Goup 11 atom A precursor conpound of this

di scl osure may be a conbination of x equivalents of MAL(ER), v*(1-y)

equi val ents of N bERpSL, ReayticaPshatad £rpres@its thO fovid2fdmR)f 3he adiestei n MAL is Cu,

MBI and MB2 are di ent atons of Group 13, wherein the conpound has the
BEAPARE

enpi ri cal x(mBli ymB2y,,v,, ) 1li-zSez)R),, wherein x is from
0.5 to fp5, VY isadyrd@mclnditrict4, 5:6i @df-h@a@&ﬁr@si?gnt, Nndirﬁay'fl{dﬂﬁé fbsorvk® 1.5, wis
from2 to 6, and R represents R groups, of which there are w in nunber,

i ndependent‘P’Vnsae‘P%%?f%‘ti‘“ﬂsé’}m%tq@l’mdml het eroaryl, al kenyl, am do, silyl,

and i norgani ¢ angds@hGfMakorsl Qﬁt@ﬂ@an&@t&) ﬂlﬁ}e[%%w@@@@tglbl@ﬁﬁie‘éuleaFW ecur sor
compound can have the stoichionmetry useful” to prepare CI'S or CGS

material s, PREPGIMAGYHNRY b YebdempleFdnt or enriched in the quantity of a

G oup 11 atom ,generall AB §f9é}§atﬁg'%@k H%J&ﬁﬁner@asﬁfe&%é&f?ﬁoﬁﬁﬂi&@%d can be a
conbi nati on of z é&quival ents of X equi valents of MB), (ER2,3

) equi val®ent hroygh RBmpaERapRpargd by @qwtlalwéﬂlém@l ofiBY cerraspaidinenarmert ons  of

gjgrﬁxgy(ERl)(g%Eﬁg)biE%g%ﬂ)a%, z |s Hgl%y%ggpaéll%pg P(><JEer Mﬂ@ fgrtmcj)l{i1 y is

fromO to 1andMpPIER), yhénspreseat, darimg pahyerceizatioRDy plRRagaRBn.ar e t he sarre or each
difrerent, and oyl ndeRsndgIiiNo RS RETSHndOpreach astLRTse. from alkyl,

aryl, heteroary or anl c |igands.
In 25 theselnelmimtﬂe fmmatsqn  cpaie brangws. AmﬁpmmnniRewuoinsv}&ntersethst oi chi onetry

soeTul 4P, DLGIENS Sk Sy BT Bk aoBREhA RS L BT o ent o

chain 8.
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As shown in Reaction Schenme 13, a polyneric precursor conpound may be
prepared by contacting x equival ents of MAL(ERl), equivalents of MA2( ER2),
and z 30 wquouahesss of MB(ER3) 3, where MAL and MA2 ar ePdirfusesieny4054
nonoval ent nmetal atons, Xis fromO0.5to 1.5, y is from0.5 to 1.5, and z
is fromO0.5 to 1.5. For exanple, mAl may be Cu and MA2 may be Ag. REACTION
SCHEME 13: x mAl z--- 1 s ) 1bl( y MA2(ER2) + z MB(ER3)3

MALx 1\ 4A2y )3z pol yneric precursor A polyneric precursor
conmpound ma '\/g%%g@%i(?ﬁe errprﬁ}rirﬁcszl formul a 5CuxAgyl nz( ER1) x( ER2) y( ER3) 3z,
where R1, R2 and R3 are the sarre or each different fromthe other. A

pol ymeric precuksp K(Wund d_Bt"¥Hi s_kind can be used to control the ratio
of Cu to Ag, and et ratio Cu:Ag a predeternined val ue.

Controlling the stoichionmetry of atons of Goup 13 in a thin filmmateri al

made with 10a polRAENIE(BR MAS(ERzﬁlmqu?QERé)ZMA@R%)(]ERW?QERII)Qas provi de

pol ynmeri c precursor conpounds that adyant ageousl y be prepared with any
desired stoichionetry with respect to Yh& nunber of different Goup 13

el ements and their respective ratios. meri c precursor conpounds having
predeterm ned stoichionmetry nmay be u [ oprocess 15for naking a

phot ovol tai ¢ absorber | ayer having th yrgﬁ%)r edeterm ned stoichionetry on

a substrate. Processes for nmaking a phoggVvol tai c absorber |ayer having

predet ernm ned stoichiometry on a substfate_include depositing a precursor
havi ng the predeterm ned stoichi onet Ey\\ont t he substrate and converting
t he deposited precursor into a phot ovol Mit ¢ absorber material. 20In sonme

aspects, polymeric precursor compoun pf\t hli i nvention havi ng
g@% e

predet erm ned stoichionmetry can be u / photovol taic materials
havi ng the stoichionetry of CGS, AlGS, | GS, Cl GAS, Al GAS and CAIl GAS.

In certain enbodi nents, the precursor haYe predeterm ned stoichionetry
according to the enpirical fornula i xnBRoumi i y trrBZyrrBSt v (, )
Si_zSez)R),, 25where|nxrsfrom0tol y is fromO to 1, is fromO to

1, the sumof vy omO0.5 to
1.5, vis from 6[@1\@)‘15,[?08%%4@ fof/vﬁ%gl%’ }rngrr#%reguréo C Mt? I%e%egte?’t %ns @' hg groups, of
whi ch t her efoam@asiniReactionisehgmes rﬁdbréemdéntfhyf@mhbsnﬁtbattmmrﬁcwrkgsl2, 3aryl,

het er Oar ghd,ksere reSen?o ldg)dme re %sdnta%@g reacn[ ongglpcf a%ld 10?5 gﬁml ¢ ol I gands

I n further varrat ons, EUrsSor can have pre ermned Stoi chi onmetry
accordi ng tia ptdpagaeimp iof ihe @blyfrrencrpﬂealrsor
rom0O to l, yis

romo to 1 1 Pl o enn bt Y Eras et bR 0 o 1 i s
fromO to Medhamlsmi.rlﬁrgbﬂbrﬁ, eoauke bf thy valsndigs @R .alontsaMLafi Myd s from 2 to 6,
and R completed polymer chain may terminate in a M?® unit, but not an M* unit. In some
10 aspects, a chain terminating unit is a **B unit, or a (ER),Be*** unit.
In some aspects, the propagation of the polymeric precursor chain may
terminate when either of the monomers M®(ER); or M*(ER) becomes depleted.
In certain aspects, as shown in Reaction Scheme 6, the propagation of the
polymeric precursor chain may terminate when a growing chain represented by the

15  formula (RE)-BeeeeeeB reacts with another chain having the same terminal (RE)-B

unit to form a chain having the formula BesssesBBesscee B,
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5represents R groups, of which there are w in nunber, independently

sel ected fromal kyl, aryl, heteroaryl, alkenyl, am do, silyl, and inorganic
and or garwo 20iigamnis. I n sone aspects, polyneric pPETISS@SH4498¥i ng
predet erm ned stoichionmetry can be used to nmake photovoltaic materials

i ncluding Cu@S2, AgGaS2, AuGaS2, CulnS2, AglnS2, AulnS2, CuGaSe2, AgGaSe2,
AuGaSe2, CulnSe2, AglnSe2, AulnSe2, 10 CuGaTe2, AgGaTe2, AuG@ATe2, CulnTe2,

Agl nTe2, Auhbmlez; @%ﬁ?ﬁ gl nGaSSe, Aul nGaSSe, Cul nGaSSe, Agl nGaSeTe,
ul n eTe, n e, n e, Auln e. ntrolling the
Aul nGaSeT k@ﬁé&@# § g EaéT Aul nGST Co l1ing th

stoichionetry of chal cogen atons in a {hin filmmterial made with a

15pol yneric pz%:lRon—B.......Enmw.neBt% "i gyention may further
provi de nmethods\ for controlling the stoichionetry of chal cogen atons and
their respective ratios. In sonme enbodi ments, a m xture of polyneric
precursor conpounds may advant age¢REl)yBdaesspsrsepas@eeBiBehecasrys deosseeld
stoichionetry with respect to chal cogen 20atons and their respective

rati os. For exanple, in certain enbodinments, a mxture of two or nore

pol ymeri c precursor conpounds nmay be nmade from one or nore precursor
conpounds that contain only sulfur, mxed with one or nore different
precursor conpounds that contain only sel enium Polyneric precursor
conmpounds havi ndn Breestien Selreimeed tvechellano fave RB®ingil.otlicontbe psppagatiobef used in a
process f or . TBk\ A6 A ANCLLNELAR:An ARSPLRAD: hAYE! fiaYi ng the same |
predet er mi ned” chal cogen stoichionetry on a substrate. Processes for making
a phot ovol t @Ey,BapsaBer--Bayechahereinngatpgedat datrarnBdngt oi chi onetry on a
substrate incl uqefdr@%roassi L itsngwa (praeaﬁluglsog{hehavimngct Qe rgorrecggrtleram ned

st oi chi omet ry ont STHRESREEs fie L @iy Q6HS RPVMSEC PIREEESOE 8y pr ecur sor

i nt o a phottextihitaivberaths grdveiig S@mefomid @alding. Asahskn mkRdagtigndclienae 7, precur sor s

Enbodi ts of this.inventiaqn enconpass net.hods.and conpositiaons for
oross | Tk riorsskYsbid Bt S EPRAS RufHseren shafief BepS et Mg "aspect s,
a crossli nkenpotiygreri c precursor may be used to control the viscosity of a
precursor conposition, or a polyneric precursor ink conposition. The
crosslinking of a polyneric precursor can increase its nolecular weight.
The nol ecul pip NETIRIN FCPERPEY/TEIN C precursor can be vgnied over a w de
range by 5 i1ncorporating crosslinking into the prepg(raNon of the
precursor. The viscosity of an ink conpositi O@RE,&I’IMQ valeé%I'—mEE? a wde
range by using a crosslinked precursor to prepare an IHk c npogi tion.

In some enbodi ments, the crosslinking of a polWrerEr! precutfsar nposi tion
nmay be used to control the yijsggsity of the cofposition, or o} pol yneric

precursor 10 ink conposi ti-on—A polsyneric p% F\or conpone Rlof |
conposition can be crossli rkasdaty addi ng a i nki ng agent\tg e
B may be var ilg@}\ff{ver a wide

cu

conposition. The viscosity of an ink conposit
range by adding a crosslinking agent to the i nK camrpositign. I further

aspects, the crosslinking of a polymeric precursor\coppgsiftio y 15be
used to control the variation of properties O]ERtTrL}M’Fi I r%Miih'dgE%agt h the
pr ecur sor. N 7

ER!
15
A polymeric precursor compound may be a single chain, or a distribution of
chains having different lengths, structures or shapes, such as branched, networked,
dendrimeric, and cyclic shapes, as well as combinations of the forgoing. A polymeric
precursor compound may be any combination of the molecules, adducts and chains
20  described above in Reaction Schemes 1 through 7.
A polymeric precursor of this disclosure may be made by the process of

providing a first monomer compound having the formula MP(ER")s, providing a
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Exanpl es of a crosslinking agent include E(Si (CH3)3)2, where Eis as

defi ned above. Exanpl es of a crosslinking agent include HEREH,

MA( ERE) H wiOONMALERE) MA, where MA, E, and R are as defi nedTaisome/0408A
crosslinking agent can be nmade by reacting Cu20 with HEREH to form Cu( ERE) H
or Cu( ERE) Cu. Exanpl es of a crosslinking agent include dithiols and
di sel enols, for exanple, HER EH, where E and R are as defined above. A

di sel enol  cRBoddgARSHomM EdpoRd ﬁﬁl@rtﬁy%m% W(Eﬁﬁrﬁllafcoﬂ@étmg%{e fGrstPr ecur sor
chains to link the chains together. 25An exanple of crosslinking using

HER EH i s shownd aorreaad wih tSckend mopomeicomepaind. di s@enemeediment, wo chai ns of
a_pol yITer | GrPRREHOAher A0 Apbliees i ctoﬂlﬁmgﬁﬁedf%ﬂﬂboﬁﬁ‘dg Ravilg it nati on of 2
HER.  REACTI ON exanp (ER E) Cu can be
used duri ngfostwiﬁihM (ERdsr angl MG ERres wherpindd liragdM %@refd&femmmggpfnks

having the Tsnhtand Beyd R Reiedoplyiob iSferlL A ACp B SRR LAHAD 2027
defi ned aboﬂmn alkyb axySélbﬂerdatyﬂLgﬂl@gﬁlmmidb silpi, snddhm@amayndmgumehgaedst her during

synt hesis of a q ner | or b9 faormcr ss i.nks { tormatlon of
n some VaI' at1 ig}‘ 1’1’101’101’1’161‘ CIQr%IBO n a[ybeacom }na 10N Q
an i nk or other conposi I men yimeri c precursor

may i ncor potoatpeuids hssihg ﬁﬂeddnhmlafsM‘%(ERmaMBﬁEEbpsnd MB%(Eﬁé)s,lwheimbMé functi onal

Phe- polyrerfe g aturcsrom s Riahe el bl iRabr B unds SRR Broups

i ncl udelvi nydfinedihaydnacasyil'ah@R>.epoxy, and cycl oaddi t| on and Di el s- Al der

reactive pairs. Crosslinking may be 15perforned by nmethods kno in the art
i ncl udi ng the udB cFaithasRECts, edﬁ‘%longploao‘ggtcﬁflﬂpg'fn d ny l?ﬁ@lqon‘gglaﬂw %I cani zati on

wi th el emendopositlsfhving e Paitusas M%(ﬁﬁﬂﬁldmgﬂ{m&em Mpehymet 46 precursor
conposition _may include a 20 dopant. A dopant be intraduced into a
pol yneric pﬁhgerﬁ?tsa&?mﬁ Wleptee frefpritth &g Aegr atCH‘@b‘EP%JP"sr?Rf angR 4t ¢edingdit i vel y,

can be adde@c tfncBasGORRPRILI ON or ink containing the polyneric precursor. A
sem conductor material or thin filmof this disclosure made from a
pol ynerlT precurls 8irthepdspecsing aicHhod feormaakire aomdyrerricpsicarsaopaningludaie nods f or

|t roduci g AG08N° o th oo IR hforREAl Ba® by Skl de prepari ng

t he absorber |ayer w a polyneric pr ecur sor his invention containing
t he dopant. Comummacvnmnél\@bﬁ)%hwhﬁrn Nénl\/érrE@ddR@masoifeﬁnwabom scl osure

can be fr ONor example, (ER),MP!'(ER),M®*(ER), can be reacted with M*(ER?), where M®' and
MP"? are the same or different atoms of Group 13.
20 Methods for making a polymeric precursor include embodiments in which the
first monomer compound and the second monomer compound may be contacted in a
process of depositing, spraying, coating, or printing. In certain embodiments, the first
monomer compound and the second monomer compound may be contacted at a

temperature of from about -60 °C to about 100 °C.

25
Controlling the stoichiometry of atoms of Group 13 in polymeric precursors
A polymeric precursor compound may be made with any desired
stoichiometry with respect to the number of different metal atoms and atoms of Group
13 and their respective stoichiometric levels or ratios.
30 In some embodiments, the stoichiometry of a polymeric precursor compound

may be controlled through the numbers of equivalents of the monomers in the
formation reactions.
In some aspects, the monomers M®'(ER)z, MPX(ER");, MP*(ER?);, and

MP*ER?); can be used for polymerization. Examples of these monomers are In(ER ),
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about 1x10-7 atom percent to about 5 atom percent relative to the nost
abundant 5 Group 11 atom or greater. In sone enbodi nents, a dopant can be
i ncl uded wo 2a1VavsEs of from about 1x1016 cm 3 to about PXTAG2dA00M034 A
dopant can be included at a |l evel of fromabout 1 ppmto about 10,000 ppm
In sonme enbodi nents, a dopant may be an alkali nmetal atomincluding Li, Na,
K, Ro, and a m xture of any of the foregoing. 10Enbodi nents of this

i nvention ngyrRYY, tAtl@i’sz3 %&@ﬁleagra@pﬁnkl DRITPGrSMe @A&f@drldﬁ@er&%&haﬁet al atom
i ncludi ng Be, My, a, and a mxture of any of the foregoing. In
sone enbodlgfé‘#ﬁsﬁma(‘éle@l&lé%gb aﬁﬁf@Olb@r@ntqaawguatomﬁw}@t%lall@zﬂ é#ilf rom Group 3
through G oyyp. rgagyl alkenyl, amido 51 laﬁﬂ)'ﬁﬁ) Hi’é%@lh H&Qﬁl@ ’llgﬁldgoﬂlas'aﬁlemy be a
transition netal” atomfrom G o Including V, "Nb, Ta, and a m xture of
any of the d¢ngrodgadntsgthe groups R, Rm@&mr@mwﬁmgdlﬁerdmﬁ@mthpraghelbe a
transiti t C, M, W and a m xture of
any of tsﬁe %ﬁgragég%ﬂhgmubga{ycﬁdq}ﬁgu%A&?]%Ingdlt rrents a dopant may be a
transition met alln&trther éspemts, theanqmomrsm%(ERD(Eigl)zl\lMBz(Ea YER’),, and a ni xture of
any of the feor nt a.dopant y,besa,4ransition
met al atom&géﬁﬁg Bciﬁk?%sgﬁ%glpﬂgbnfnm@ W retheﬁg)ugs 1r{ﬁn@lf lt}rg{b “any of the
foregoi ng. and R’ are daph &eme@ﬂmmrar&rftom thaoﬂieqsandl am@wubeatmnhmﬂmug}r om G oup

14 includin Ge,. Sn e of of th e90| ng.
' Some. et o s aen hepBe Rl dtb hiieShnt Aketh 8% sl iod ng P,
25As, Shy Bind igdigandc didokgani [ghndNYn Qﬁnetdﬁﬁ)oﬂm{eﬁgpﬂhélgroumeSdmz aspects, a

pol ymeric precursor osition eously ared to

i ncor por at e*af arﬁ%atcgrt)hqsﬁ??g 05@?%%51312?' nt e rsea}?ﬂ OBB? ymeric

precur sor mltﬁrbﬁ)ghg{@ybolﬁaw@{ epared using an armunt of Na( ER) where E is
S or Se and Ris alkyl or aryl. In certain enbodi pol yneric

precur sor conpodiftiodimests q#&vs l?éefﬁ‘roéH&Vé‘éi“‘h?éprﬁtjldaﬂlaé%éﬁ‘?tCh@fneNéPﬁ‘(‘ ER) 4,
NaGa( ER) 4, Isdl}hﬂ&l%%}écursbf éé%(p%@&mam%%&ﬂed tb<§a%( @%)réd 1@ tFbaghukes t hereof

where E is or Se and is alkyl” or aryl. A polyneric precursor corrpound
of t hi slki naﬁiﬂéawnb@f th@@aom@ﬁ deaghy ditha menameperogeledsin kb formasionl i ons.

A dopant may,he.provided in a precursor as a counterion or introduced into
athin filmby any of the deposition nmethods described herein. A dopant may
al so be i ntroducdedhpyin i ReactipnSchpmers mpolpdigateonko dum 4 pelitrhsicar t i ncl udi ng

| on i mpl ant Eéu%arﬂggﬂmtted%ﬁmmgg BERORILE, EVERDS NP IRIPS A N-type. SAny
of the foregol ng ants may euse Pnan i nk S ehtlon Cappi ng
conpounds M" (ER)Jlrranrmyelrbbmdyrmm@fsmclmhqﬂrYEr| C precursor conposition may
be for as shown in Reaction Schenes 1 through 6, where one or nore

cappi ng conpounds are 10 added to the reactions. A capping conpound may
control therR@AETIONISERREVIEIS:chain formati on. A cappi ng conpound may al so
be used to control the viscosity of an ink containing the polyneric
precursor conpound or conposition, as well as Itslnﬁlgt:lqlfl]bl lity and ability to
froma suspen B Eg@ﬁ ngA unds deyl norgani c or

or ganonet al ll%ﬂg/[f ]ﬁ(ﬁéﬁ#ﬁmﬁﬂch( glkto epeating units A or B, or both, and
15 prevent further chai n propagation. Exanpl es of cappi ng conpounds i ncl ude
R2MBER, and RMB(ER) 2. Ligands MA(ER> e RISHGMEr giMP2 Y BR£pr 'l i gand
refers to any atomor chem cal nviety that can

In Reaction Scheme 8, a polymerization can be performed with a mixture of
monomers in any desired amounts. In certain variations, a polymerization to form a
25  polymeric precursor may be initiated with a mixture of any combination of the
monomers described above, where the number of equivalents of each monomer is
adjusted to any arbitrary level.
In some variations, a polymerization to form a polymeric precursor can be

done using the monomers M*'(ER"), M**(ER?), and M™*(ER?), for example, which
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20donate el ectron density in bonding or coordination. A ligand can be
nonodent ate, bidentate or nmultidentate. As used herein, the termligand

i ncl udes wowns/dzxsé | i gands. As used herein, the wPermserigamioss | i gand
refers to an organic chem cal group conposed of atons of carbon and
hydrogen, having from1l to 22 carbon atons, and 25optionally contai ning
oxygen, nitrogen, sulfur or other atonms, which can bind to another atom or
mol ecul e t h.QuweRoRaGaIiRaRy &8 Léﬁm?w@@u&ce ahgmﬁragaﬁtlpefwa@qn@d or
unbranched, supstituted or unsu stl uted. As used herein, the term

i norganic I&@énd refers to an inorganic chem cal group whi ch can bind to
anot her -at om o (FobfCHh&d NraHG R heBRoILAER BB s s PfEgmRhes of i gands

i ncl ude hal ogens, water, aI S, ers, hydroxyls, amdes, carboxyl ates,
chal cogeny| M @3)3,th¢|r@tm¢ﬂi\éxyﬂl M? elsthe B@ly@mm@@soybmwonwleﬂlﬁmcaar boxyl at es,
carbonates. b 484 52 120N ARARREAD, (SARbES o RELCIM AT BLE Gy hiALat oS, and
am nes “herein term cogenyl ate refers

t hi ocar boxyGAin)epolsled:rmmweroxw aitie of &A6d dréigher Sthardmof M te, M%m\lheng t he
formul a RCE2-, wher d her.ei th

chal cocar bt RarErSot Buvs Gl bsiBa 7380 anBoab Bt B LEHT

t el | ur ocar bandit@ssed abovegintfiughck emhmﬂmerl%él,l&&bl@ﬁ%ﬂc pwhes@ cEmpSun‘ﬂ ma&e or Te,

and Rl and R2 are .the sane . or.differe and ar e dr al kyl., aryl, or
o or gani ¢ 1o paai ity S8R BoiehomielY EPhe RS oF GRS By e & Y R
R20, OFF) R@ms NRZroup R(Mthel%ﬁﬁctlve%&ntraﬂﬂicvelsmms SO42- C104-,
C2042-, NH3, NR3, R2NH, and H2, whereé%OR is alkyl, and E |s chalcogen
Exanpl es of | i gah8¥EhisPerie? R0l HEdzatinRi %P?P@me{l PERYIEEE d%8F y| ani nes,
aryl al kyl armorf@ﬁqalsulymerth&ecuagaﬂh@mgfdnpeaﬁm ofM to NEX aRh8&n @f Rédcgands i ncl ude
Br-, N3-, |d|n scN-f, ArNH2, NO2- 5032- where Ar is aryl.
15Exanpl es elInF aaanwéymwn&?férsey%waé%e ‘Eﬂml’t‘?ﬁlflPI? M (§R$&Y ani des or
isonitril esMBth)g I/sznmﬁq Eig »m#& 6%Vf'oﬂhédrdsin§$he Aixki¥d bSRGAREIRS

al kyl i sonit anldes ylnitriles, arylisocyanides, and
aryllsoHitrMF ER%‘FH hﬁﬁ?%%ﬂ%ﬂ | i gands i ncl ude hydri des, carbenes,

car bon nonoxi de, |socyanates isonitriles, thiolates, alkylthiolates,
dlalkylthlolates thioethers, 20 thiocarbanates, phosphines,

al kyl phosphRESCTHINISRAEMAE Res, aryl al kyl phosphi nes, ar seni nes,

al kyl arseni nes, arylarsenines, arylalkylarsenines, stilbines,

al kyl stil bi nes 82 d sti | bines. Exanpl es of
| i gands i ncl ud® @Fyh@§3R- %ﬁtmgﬁg)éiéxkﬁgﬁ¥ SH, R25, RS-, -SCN-, R3P, R3As,
R35b, al kenes, and aryls, where each Ris independently alkyl, 25aryl, or
het er oaryl . Exanpl es of |igands A Hodt

trimethyl vinylsilane and hexafluoroacé?aﬁ Q%?%nafgﬁngyyggﬁggiOFE$*ﬁands
include nitric oxide, silyls, alkylgernyls pRlymgeieRyeaIrsetr yi al kyl ger nyl s,
al kyl st annyl s, arylstannyls arylalkylstannyls sel enocyanat es,

ggfg'nggg'r ggﬁz edn bRl SRRLRL S b SR SER Ak REEER) 2§ SV RGHDE L

20 monomers of M® (ER);3 can be used in the formation reactions. For example, a

polymeric precursor may be made with the monomers M*'(ER), M**(ER), M**(ER),
MPYER)s, MPA(ERY)3, MP*(ER?);, and MPY(ERY);, where the number of equivalents
of each monomer is an independent and arbitrary amount.
For example, the ratios of the atoms M*:MPina polymeric precursor may be
25 about 0.5 : 1 or greater, or about 0.6 : 1 or greater, or about 0.7 : 1 or greater, or about
0.8 : 1 or greater, or about 0.9 : 1 or greater, or about 0.95 : 1 or greater. In certain
variations, the ratios of the atoms M* : M® in a polymeric precursor may be about

1 : 1 or greater, or about 1.1 : 1 or greater.
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tellurocyanates, tellurolates, alkyltellurolates, dialkyltellurolates,
telluroethers, and tellurocarbamates. Exanples of |igands include

chal cogemsiDes11/a1i3st hi ol at es, sel enot hi ol at es, t hi osel eROTAIS@&10/044054

sel enosel enol ates, al kyl thiothiolates, alkyl selenothiolates, alkyl

t hi osel enol ates, al kyl sel enosel enol ates, aryl thiothiolates, aryl

sel enot hi ol ates, aryl thioselenolates, aryl sel enosel enol ates, aryl al kyl

thiothiolates, ap ydralleman@eh en&ﬁahbsodf%@as@mewl @kﬁkmla pwheﬁebee@s@ft es, and

aryl al kyl selenose enol at es. anpl es of |igands incl selenoethers and
t el | ur oet hePay, b aRiue8.5 ¢ abqugbﬁdg fontabgue)- (o, abgyt.1.2 n:rfroqrzaboutﬁﬂ R3, ,

Si R3-, GeR3g.pRRM3; or fr&BabOél% B¢%abB%R1 1-0PH3m 4b to” a% R orfRpeR and RCN,

where n is from1 £o , each R is independently al yI’ or aryl. As used
herein, theboer®? toraaui It ilopomeeameles.dheragos of the asomss M : 8Foaps 3 though 12 of

the Peri d| I@Q %ﬂﬂﬁ@ on the 10
Nonencl as'?urelo { f?érhgh?@acheggnﬁl%g{(f%d gf\ pu ?fgﬁg‘y“ g? 8@%@ ?\Ioﬁg%él ature of
| nor gani c Ghean%&yrdﬁwdb%hwndumt@ﬁs(ﬁ@@ﬁuoP%Gt@ﬂﬂﬂﬂaﬁnﬂabsmﬂbéﬂnlayer
COMposi t | ONSout 1 00, or g out 62 %Paly CorR r2sgrrabg1?ty10§3 & abo 91 BOInp[fleerpar €a

material for use i eve I?I ng sem con uct or

pol yneri ¢ ploeguing catos & :tNAT,shd mmerett‘arsm t]mgma@f\aamtcmgﬁﬂ‘mgrm% used in

m xtures to_pr terial wth co d>

St o ohi onereEERaN sBebPedi et e ohbo oh M P RS DR e
aspect s]0 pradessaesd V¥, solar cells that avoid additi onaI "sul furization or
20 sel eni zation st eousl y use neric ursor conpounds
and conpositi onsASoggg‘f’ﬁ;@?aﬁM‘iﬁiﬁ‘ﬁ %Japdymeﬂcgfﬁ P ‘fnéi Y88r may be
used to preparpedingabs oshRssitivater@t), ﬁfn@MBb-n SOPER by B RAUEd usinkhe absor ber
mat eri al ;f/ have the enpirical, fornu BzmAx0413g.(Eékr ov(Ell zE2ow, where MA
is a Goup M3 MitHmOE BBREY Yokt 1Y, (Bl * MB and MC are different
Goup 13 atons selected fromAl, Ga, In, Tl, or a conbination thereof, El

is Sor Se, E2 is Se or Te, E1 and E2 are different, Xxis fromO0.5 to 1.5,
y is from OREAQTIGQNSCHEMEN®M 0 to 1, v is from0.5to 1.5 and wis from

1.5to 2.5. The absorber material may be either an n-type or a
p-type sem cond B h c d is known to exist. In
sonme enbodi rren]Ens \ﬁﬁ\ﬁ @g{)? m&g{l)ecursor corrpoun'as may be used to

prepare a CI S Iayer on a substrate, wherein the |ayer has the enmpiri cal
formula Cuxlny(Si _zSez)w, where x is from Q, .5 i 0,5to 1.5
zis fromOto 1, and wis froml1l.5 to 2.5 (Eﬁjjhl ﬁ% é@%gh one or
nmor e pop/rrerl C precursor conpounds may be pslgehdrie ;ﬁ’eem&bﬁr@e@hﬁgmyer on a
substrate, wherein the | ayer has the enpirical fornula Cuxlny(SH _zSez),,
where x is from0.7 to 1.2, y is from0.7 to 1.2, z is fromO to 1, and w
is from 1. 5IntReaction Schdnpe Hbﬁ@swardfata}ndmss omne or m)re pol ynmeric precursor
conpounds may b [ !ﬁ% erein the

| ayer has the eﬁ%ﬁ%ﬁgn%%fgpﬁgﬁpggg ﬁlif ?ég Réﬁggkgnmﬁhon1o 71to
1.1, y is fmatnfenymbgorierd of M4 (ER) endM” ER)e v@hereah@jtom ngnbparo 1.5 to 2.5. In

certaln nmbodi nent s, _one_or FOR ur sor 0 n s.may be 10
ioed t b onihERE & eSpd of el i i PR RR pFTRANAF M pe
enpirical f@omheas @MLT(EM;SIIn z@em)embowm&me Xpolgmérﬁcmrb@us&r tmay 6 Blage y is from
0.95to 1.0 In certain

to B
onbodi ment RSP BTl g A Ole VR MAES T be used t o
prepare a Cl' S | aysfsedReréin 3hbsipiatien Mieddicient, beMAay@dﬁctba&oM‘?erewﬂpi rical

];_OB r5m | ? Il gqu)rélc(}n ostltgoznfo?%grmulavm (\ax!‘h?ch)gtherg arferfgwrgrglto%sto M tl?5 )5 I's from0.95 to
, 25 As used herein, the expression M* is enriched, or M* is enriched relative to
M?® refers to a composition or formula in which there are more atoms of M* than M®.
As shown in Reaction Scheme 11, a polymeric precursor having the empirical
formula MAX(MBl1_yMB2y)V((Sl_ZSeZ)R)W may be formed using the mixture of

monomers M®'(ER);, MP*(ER); and M*(ER).
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and wis from2.0 to 2.2. In sonme enbodi nents, one or nore polyneric
precursor conpounds may be used to prepare a CIGS | ayer on a substrate,
wher ei n twe 2baymar23ias the enpirical fornula Cux(Ilni_yGPry(iSeoinSens4, where
xis from0.5to 1.5 yis fromOto 1, and z is 20fromO to 1, v is from
0.5to 1.5, and wis from1.5 to 2.5. In sone aspects, one or nore

pol ynmeric precursor conpounds may be used to prepare a CIGS | ayer on a
substrate, wherein the |ayer has the enpirical formula

Cux(Ini _yGay)v(Si _zSez),, where x is from0.7 to 1.2, y is fromO to 1, and
z is from OREAQTIONISCHEMEQ.I7 to 1.2, and wis from1l.5 to 2.5. 25In sone
vari ations, one or nore polyneric precursor conpounds may be used to

prepare a ClI GS |ayergp sub erej | ayer has the enpiri cal
formul a Cux(l ﬁ’i(l'_Vég\é) \@‘ﬁ%ﬁ 2’; Wﬁﬁ@&&%ﬁ@éﬁﬁmﬁ?o—f’l y is fromoO
to1l, and z is fromO to 1, vis fromO0.7 to 1.1, and wis from1.5 to 2.5.
In certain enbodi nents, one or nore polyneric Iklmsaor (o) may be 30
used to prepare a CIGS | ayer on a substrate, \M%fc n théwggégiﬁg‘é t he
enpirical formula Cux(lni_yGy)v(Si _zSez),, wherepdyhericrppacdsdrto 1.1, vy
is fromOto 1l, and z is fromO to 1, vis fromO0.7 to 1.1, and wis from
1.5to 2.5. In certain enbodi nents, one or nore polyneric precursor
conpounds may be used to prepare a CIGS | ayer on a substrate, wherein the

| ayer has tREr&WRbs beéav+xf ormula Cux(Ini _yGay)v(Si _zSez),, where x is from
0.8 to0 0.95 yis fromOto 0.5 and z is fromQto 1, v.is from0.95 to
1.05, and wis flPetmecpbadimentsa pregupecompAg R feRmbinationofor nor e

pol ymeri ¢ preCul &RtvaaReNAUSRYBY X RGuiVAEHs éﬁgﬁ%ﬁ?ﬁ%ﬁ(&f};ﬁ}k@vdlﬂﬁﬁ on a

substrate, erein the layer has the enpiric g URE
Cux (| ni _yGaM) VERE:, V'Segyivalenipef M XER s, it eqniglatstad My, @R )s, ywherinf¥lonis0 to 0. 5,

and z 1s 1AM MO idagvP® M A B 93e et Rom@OFGHD §3RMiZaR Lo 2. 2.

In some enbodi ments, One or nore po inerkg precursor- c npounds may be used
to prepHr e @n@AnEhas dyempinicabfosnia (MateM WheYinM HM T ay@n-SvaB )t he

enpirical f . i ! i ) j ez)., r A om 0. 001
to 0.999, y%@b?é%%fé@g@fg h]?hﬁds%?? g‘)ﬁq\f‘%ﬂ%@:ﬁ)ﬁs}‘%’%%m%?ssf%t“gbl. 5, vis
fromO0.5 totol, 5is feomd0 w i, s if fram0D.t6 1t50v &. fiom 0.5 to 1.5] w isfoere 2eerbadi Rent s, one
or nore polyneri recur sor, .coppounds . may .be .used t o, pr re a CAIGS | ayer
on a subst rEPEriCEaim PhnFRIRR LY i TS NP e Tl Frofh

(Cui _xAgQu(dikylj arylTaygrudr, alk&Sez,Jamid opkigleand indganiccind OrddBit ligandd. 999, y is from
0 15to é?nz is fromO tt?dl’ l,fu i's fromO.?{;Pg1 1.2h, V.iS fronfetojlto 1.2, and
wis frbm 1.5 td"some embodiments, a PrQUrSQleOmRPYRd Yy Hayn e PSPy ner i ¢
precursor C@RQRNHENTEGanEG) USESe)R) PivEEAME id fFiGAI0GS 1| RkerondNtal, $ubst r at e,
wherein the | ayer has the e ir,i%al forrruj? .

(Cui _xAgou(frem -t?ée{%wsz 8518 TOfdp d. %18i0nt @ o, 8 i0BAM 05 91999, v is from

0 20to 1, Zzsif®nf¢ O 05, Wois Fontl 10%, bk PRYrebettOR Lrdups,\of kbichtm fe & w0 1.1, and
wis froml1l.5to 2.5 In sonme enbodi nents, one or nore polyneric

precursor cHSuALeisyabyeused to prepare a CAIGS | ayer on a substrate,
wher ei m@ he | ayaf shiasSedbiiBdAR & bfé@lllrsctr(%roﬂ%bﬁld may have the empirical formula ]
(Cui _xAgQu(llli-yGy)v(Si _zSez),, where x is fromO0.001 to 0.999, y is from
0 CuixAg)u(Ing.yGayAT)((S1-.Se,)R)yw, wherein x is from O to 1, y is from 0 to 1, t is

from 0 to 1, the sum of y plus tis fromOto 1, zis from O to 1, uis from 0.7 to 1.25, v

is from 0.7 to 1.25, w is from 2 to 6, and R represents R groups, of which there are w

in number, as defined above.

25 In some embodiments, a precursor compound may have the empirical formula
(CuixAgo)u(Iniy-1GayAl)y((S1-.Se,)R)w, wherein x is from O to 1, y is from O to 1, tis
from 0 to 1, the sum of y plus tis fromOto 1, zis from 0 to 1, u is from 0.8 to 0.95, v

is from 0.9 to 1.1, w is from 3.6 to 4.4, and R represents R groups, of which there are

w in number, as defined above.
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25to0 1, zis from0.5to 1, uis from0.7 to 1.1, vis fromO0.7 to 1.1, and
wis from1l.5to 2.5. In sone enbodi nents, one or nore polyneric
precur sorwoanpoumnss nay be used to prepare a CAI GS | ayePCorusSaoisobess at e,
wherein the | ayer has the enmpirical formula

(Cui _xAgQu(Illi-yGy)v(Si_zSez),, where x is from0.001 to 0.999, y is from
0 30to 1, zis from0O0.5to 1, uis from0.8 to 0.95, vis fromO0.7 to 1.1,

and wis from 1.13¢{fe &n&)dlments apﬁm@&f'cﬁﬁlﬂ&ﬁld%aytﬂ%'ascohﬂﬁﬁﬂéﬂ&n may further
provi de polyneric precursorg t at can be used ]élE)e pare a CS, CGS, AlS,

Al GS, CATS, WHAtzEsui@lant M .0 ZeavivAS thef Mr iBR ) foequivaleats af  cel |

pr oduct . MB! 3 B f 3 ors nmay be
used to prepar(%R g %ﬁ’i%eﬁ’é@ﬁ@[ @ERL%]%@IWM{SGMW(&?@;C&%%&S&% §(%AS or CAl GAS

mat er i al asClaar@H\ém I@élgllyl B A mm cere Idgifemmlt ftomspf (a?tspelp 13, whescimthevar i at i ons,
epare ! 5ads dacs, AIS

one or b {

Ares. cave e M R PR AT R DR TR L UBRIRE D D 2, e

st oi chi onetzls(iﬁRf))fw*zﬁ(EB BB R s, GEROIE Waf frome. tatle; i & fromf thk xdofiomdl thed.

orepare a oo Bl QMo bt Sal0Y W E o RR S E R RE R0 s *°
mat eri al usind@R’nanbpsanid «leach (ffepered an intepeidenpbeyeed] for pickcur sors. 101 n
certain enbodi ment re ri.c_precuyr.sor,s nma be used to
epar e o cremaeadrongl B ey TR SRt e e SR AR Ry R s s

mat er i alo asorgadi@y@ndd hat may be processed at rel at| vel y Iow terrper atures to

achi eve a sol ar cell sone ects ne nor e pol ric
precursors may HB S?J’%%ﬂnl?otﬁi%?“éspQP@C‘gS%§O@B§md@P3@%a"%ﬁ’S cmpjrigg fo , CAI GS,

Cl GAS, Al Go@upgAggeﬁ%mIew@L(Eaé)(waz)@h@gx@wbzg@lié)gtl @l){ﬁfrom 0501, sl sone

vari ati ons,, one Or nore yneric precursaors |’Oy used prepare a
cheni cal |y afamdhiodi &4 frg}nem b drlﬁfrg@rﬁ te dndti EPB) teﬂsx Pl@? lz;BluS AISSNSA| GS,  CATS,

CAl GS, Cl GARJ wefahROR2GAI %dlﬁk@gasqgﬁgedva%b@t y of substrates, including
20f | exi bl e substrates. Exanpl es of an absorber material include

CuGas2, 1AgGas2, Immnbmwgz a PIRGIRGSZOMARUESDay hayathsempisiggifemulayT1S2,

CQuGase2, 9@}? Z) %QEER% Cﬁﬁﬁ <w*@% JSF?@RSA% 'ﬁe%ls ol b3eg1.89T1Se2,

AuTl1lSe2, Cu e2, AulnTe2, CuTilTe2,
AgT1Te2, anzjls,&@mor@zh %@mﬂm by isfromd tabsblslﬁem(}mtlexphls yibhsltiide Cul nGaSSe,

Agl nGaSSe, nT; T1SSe, CuGaTlSSe,
AgGaT1SSe, (ﬁluGaﬂﬁ @%ﬁﬂn‘gﬂl‘ cgisgeandﬁgla?e ?gﬁ‘é (AX% nGaSeTe, Cul nT1SeTe,
Agl nT1SeTe, Aul Al iﬁeeT@nb@lJ@lﬁlse?éeurSﬁ@mm@'me hauGhT tBeifeal fOmuiGaSTe,
Agl nGa 1) T1STe 11 ,
rocarisls, PR R R R B AR r RS o o5
Cl GAS, Al GAﬁsCﬁﬂonﬂNoGA&dfagmr)tcnaw ibé&romed 1Wi it firomal todus pjusig@lusois partners to
produce a sol ar cell €54 0f, jsunct i rtner |ayers are known in the
art and i nctig®d elriﬁg?{a% rﬁln% af%l"fnd%P %a Y$or exanple, Martin Geen,
Sol ar Cel |l s: Opén atrthlagasﬁédtmkrpkte& of pelghbrid @r@@’ur@d‘ﬂdomﬁi}lﬁﬁi@mﬁppl i cations

o Luque and

Ec,tl 23231 H?gg%?fé&a a ‘h@bgﬁ‘o@{e@%}g‘\ﬁ%& ef%ﬁyg%%@‘:logl@af( iﬁlﬁ HEH]BFAY%@ &gt (2003). In
sone aspectGetal ddéind SHdGIRST REupAIB A0 AR dtB¥ elbidkRYnca®: IEvedyarabout 0.01 to
ratios.
As shown in Reaction Scheme 12, a polymeric precursor compound may be
prepared by contacting x equivalents of MP'(ER");, y equivalents of MPA(ER?)s, and z
equivalents of MA(ER3), where MP! and M™? are different atoms of Group 13, x is
30 from 0.5 to 1.5,y is from 0.5 to 1.5, and z is from 0.5 to 1.5. For example, M"' may

be In and M®* may be Ga.
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5about 100 microneters, or from about 0.01 to about 20 m croneters, or from
about 0.01 to about 10 microneters, or from about 0.05 to about 5

m cr onet ew®,20tw017236m about 0.1 to about 4 m croneters, @®cTfuseomabmss 0.1 to
about 3.5 microneters, or fromabout 0.1 to about 3 mcroneters, or from
about 0.1 to about 2.5 mcroneters. 10Substrates The pol yneric precursors
of this invention can be used to forma |ayer on a substrate. The substrate
can be ”ﬁdeRﬁixé@%3§P§é&ﬂ@9ﬁe1§“d can have any shape. Substrate |ayers of
pol ymeric precursors can be used to create a photovoltaic |ayer or device.
15Exanpl es of substrates on which a polyneric precursor of this disclosure
can be deposi teN['B(ER! )M gdviPAG RE ssemé@rRiUctors, _dopad seni conduct ors,
silicon, galllun1arsen|de i nsul ators, glass, nolybdenum gl ass, silicon

di oxi de, titaniumdioxide, zinc oxide, silicon nitride, and conbi nations

t her eof A substrate may be c BWM rﬁ% d 3
nol ybdenum cont ai ni ng 20 conpound. In sgﬁﬁqgﬁbb e Iy@bgﬁ ?gi% may be
pre-treated with a nol ybdenum contai ni ng coqmﬁwmdncqnemneonr nor e
conpounds contai ni ng nol ybdenum and sel eni um Exanpl es of substrates on
whi ch a polyneric precursor of this disclosure can 25be deposited or
printed include netals, netal foils, nolybdenum alum num beryllium

cadm um ceriumgy ﬁ&&ﬁ%%cu%?@érﬁpouﬁ@ Bavegﬁé érhﬁlﬁ&al aphdia | €ad, nmanganese,
ni ckel aIIadlun1]£Iat|pun1 r enlun1 od |gn1 silver, stalnless st eel ,

st eel , onCuxéfth@zﬁE OEERDiyFER hsi. trebiaiedin Rt g% taeqnthe sanpecor epdhrdiferriim et al
al | oys, m el Jufel dﬁi;oly%hv\hre%ﬁ%@ cgﬁnﬁourf'élrb‘i‘ i OKRA Qﬂltﬂe%gédft%Qﬁﬁt?o?f

30Exanp|es of 'substr at neri c precursor is disclosure
can be depdbﬁﬁ@dOéhﬂpﬂhnmﬁbnﬂw¢Mua@3bm@ympméamphmﬁbmbsw conducti ve

pol ymers, copol yners, polymner blends, polyethyl ene terephthal ates,

pol ycar bonat es, pol yesters, polyester filnms, nylars, polyvinyl fluorides,

pol yvi nyl i démeroflingalrg sd@ghimétgbe_mimgnemmt me@ gg e MVEY i mi des,

pol yet her sul f ones etherk t ones vin rides,

ety bont i1 e bt sePerbear s pfbRRSPyalRy ¥ BbATRnBS Ml S

conbi nat i ongepdngreidf any desired sl odfnogoNakint mb@batoms Miti ch a polyneric
precursor of this disclosure can be deposite i nted include roofing
tort al s, - 5ExamMBLTGRR b PRRESR s A S B BRBEMCOr of s
di scl osure mann@z&ddﬁwxg%basgobecﬁremfdd%ﬂphnyraedlmdetowaweaym répadtesl papers. A
substrate of this dkgﬁ%osure can be o npl es, of substrates on

whi ch a pol YeBymRerg ’iegb‘i‘lo?ffvalf?ﬁf%et%he?&?}e%&Piﬁ’éﬁﬁ"*sﬁ%‘?“ﬂ%f%‘@?ted i ncl ude a

shaped ﬁybsztdlﬁh@ld pr&dubdt agn@uﬁmﬁvmgpfenbtbmﬁéd, stAciGthdt8  maydbd @6 ind Pi N, a
shaft, a plane, pl ate, a 10bl ade, a vane, a curved surface or a spher0|d

A subst rat eawagﬁ%@r Maliee @ aholpydtaicrrbspIbrs dpyshhayingfon wimepssdscamingd deposi ti on,

coating or REkNbLAG &fa @bldENe rPchfess%s RQ'n)ﬁﬂﬁlr% a‘iyh@(o@&%&'icsé%orﬁér 1&}& s invention.
Exanpl es of adhesion pronoters include a glhass layer, a netal layer, a

titani um coiftvaigmiradgtermyped stmahl@mnt@s@remw@mtwnﬁhuﬁ@gdqpa%mg a precursor _ _
tantal um C%‘&ﬁfg%&&e&e@fﬁ{e@g Isﬁlwr%hfo 45 L tﬁl:{ Jubdtl&s anthﬁv%hF@tﬁH tride, titanium

nltl’lde titaniumnitri ICI t ant umnitride si |de a
chron1uﬂicoﬁmammdQQOMayempa@hmawdmuuﬁ$@bmﬂmnﬁwhg | ayer, a nitride layer, an

oxide layer, a GR{QhAGnh AN Elms, FPSy HRIPHRAL 2% SNEERYith a

predetermined stoichiometry of Cu atoms. The amount of Cu relative to atoms of
Group 13 can be a deficiency of copper, in which the ratio of Cu/In, Cu/Ga,
Cu/(In+Ga), or Cu/(In+Ga+Al) is less than one. The amount of Cu relative to atoms
25  of Group 13 can reflect enrichment of copper, in which the ratio of Cu/In, Cw/Ga,
Cu/(In+Ga), or Cu/(In+Ga+Al) is greater than one.
In some embodiments, a polymeric precursor can be made with a
predetermined stoichiometry of Ag atoms. The amount of Ag relative to atoms of

Group 13 can be a deficiency of silver, in which the ratio of Ag/In, Ag/Ga,
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Exanpl es of adhesion pronoters include organi c adhesion pronoters such as
organofunctional silane coupling agents, silanes, hexanethyl disilazanes,

gl ycol etwenop@uecsstat es, et hyl ene gl ycol bis-thioglycol aCegdiS2@onydoss es,
acrylics, nercaptans, thiols, selenols, tellurols, carboxylic acids,

or gani ¢ phosphoric acids, triazoles, and m xtures thereof Substrates
may be Iayered with a barrier |ayer before the deposition of printing of a

layer of a Rpot mméa)l 6r %/@ﬁ%mn) Rfiesk maﬁ ohdVERLhRMnt o ARXBIAT &S aRinsa barri er
| ayer include a glass Tayer, a nmetal layer, a titanium containing |ayer, a

t ungst en- coﬁﬂépﬁ?Hb“@d?%ﬁtmﬁw@aﬁﬂafﬂhﬁb@hW%?hﬂﬁngH¥é#¥mt®&E@{en nitride,
tantalumruAé&ﬂ$G®U§A%nmpG§Mg5k@%m&hﬁgmﬂnnn|tr|de silicide, tantalum

nitride silicide, ‘and tonbi nati ons t her eof A substrate can be of
any thickness, dn goroasmbyeimantsan ablymerioprestirer orrebeansletvgtizoabout 20, 000

m Grometer s rQ(iet%}'B{n% Liich ek DSFE, ﬁﬁd‘K GOMROFhE AR %C Cu and AFRQYL MEnt s of

this inventh er provide In ositions cont a one or nore
pol yneric pweﬁmmsd(hmwmﬁaumdsad@hmmppbynppﬂan@mb@un&whshdﬁrmﬂhﬁs i nvention

may be used Ct gAﬁﬁﬁeg&p Qg:% /Y}Ol %ﬁ@? )or Cu %@@nmda a ssqg onto a

substrate. antage usly at'l ows precise
control of dke st0|ch|onetr|c ratlos of certaln atons in the i nk because

the ink can be conpo xture Yer.i c precurs ks of this
i scl osur o can He ot sy ey Meshe o caRRd KTl fomk SP6Rupy 355,10
enmbodi mant scanaefﬂeicf&nnelaﬁerbefmga ahysmagnm@h&hmlrytﬁﬁ%ﬂ(cupAg)e:Iursor with one or
nore carrie b on of on ric precursors in
an organic @Féggﬁ (EHHSQ%@ \%ﬁ?l%fé‘g IlnPiQaT‘N&lﬁgsr r B ePfon of the

pol ymeric 10pr equlfmeﬁemwbdaﬁbnw g@&yﬁleﬁ@ﬁreuﬁgorcm BalkWiffa can include one
or nore organic liquids or solvents, and contain an aqueous conponent.

An ink can BedsfERE Byl oNcHY ﬁgcﬁm%?w%wéﬂﬁ&pww pregurdierCt compounds

and sol ubi | ¢gigWy. THeSaR! M o AXQaN BE FOBabOGt z@ﬂosaﬁérgmagbréch@op&mwnds with
one or nore carriers. The conpounds dispersed in a carrier may b

nanocr ykt al litflper zensepapepiaraice dgh rafip.orhspaihe preresor cappinp Hdlgsr zae d| ssol ved
mol ecul es. . The concentration of the polyneric precursors in an ink of
this disclosure can be from about 0.001%to about 99% (ww), or from about
0.001% t o about 1969ae spedty, poly mbBupPreQIrsYrempabduel tigdavention having A

pol yneric rg(i:eltjerr%ﬂ{ed Qﬁ%hﬁ)ﬁ{eﬁg cé daal*sl:d %gtpo§[10t Loqm%eﬁerpamgmg%er the

20t enper ature and condi t1ons’ use tion, coafing or “printing.
| n sone varstathiomsinodt GIR] CSIGSHdENALION, CHH, MGSmrmﬁd&isors that are

partial ﬁ(}' sol ublAe Bregurso?’rcglggownﬁlﬁl EBll%dlscﬁ]osure%the%uclo%&ngﬁornrolf%Aglcin be

di spersed in the carrier sed herein,
t he tern1d|amemknm@fhﬁ&ﬁﬂmaésevaﬂeni@ﬂnfaﬁm | uhil dy) 2quingslen®5di ssol vi ng, and

auid o o JERE: VespamRee BV (eBb et Bl 81 BT ARtvEedl Seur o
i ncl ude onem8tarevifRroat gami 6f Gy eRtveheravhihe bompcyma Qi taé Brpificelqueous
conponent . formula (MAl1_XMA2X)H(MB11_yMB2y)V((Sl_ZSeZ)R)W, wherein x is from 0 to 1, y is from
25 0tol,zisfromOto 1, uis from0.5to 1.5, vis from 0.5 to 1.5, w is from 2 to 6, and
R represents R groups, of which there are w in number, independently selected from
alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands. In
these embodiments, a precursor compound can have the stoichiometry useful to
prepare CAIGS, CIGS and AIGS materials, including materials deficient in the
30  quantity of'a Group 11 atom.
In some embodiments, a precursor compound can be a combination of w*(1-z)
equivalents of M*'(ER"), w*z equivalents of M**(ER?), x equivalents of MP/(ER?), y
equivalents of MP2(ER*);, wherein M*! is Cu and M™% is Ag, M®' and M®? are

different atoms of Group 13, wherein the compound has the empirical formula
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Enbodi ments of this invention further provide polyneric precursor
30conpounds havi ng enhanced solubility in one or nore carriers for

prepari ngWOnke/01T43¢ sol ubility of a pol yneric precursor PCOrgseuna44mahn be

sel ected by variation of the nature and nol ecul ar size and wei ght of one or
nore organic |igands attached to the conpound. An ink conposition of
this invention may contain any of the dopants disclosed herein, or a dopant
known in tm@u@rAgZ)WInXGay(Eﬂ{% Z%RP)?%(ER@)E'%E@) y,t\ki"lssfrdih @@Itmlsr@ls@l%ﬁld)e made by
met hods known 1 n hods di scl ose grgln 5Exanpl es of
a carrier florl, & frquoml BHS &01@3|0§@|lo>snﬂﬂ%wsmpméwélle@m% R%RetRapl , et hanol ,
| sopr 0yl ShE QR or chdH &fférembaltdaa%dep%meﬁﬁfgé g,lted gk HER %u?ren@é krefﬁyal cohol s,
gl ycol s, 1-nethoxy-2-propanol, acetone ene propyl ene glycol,
propyl ene lkpdodryll bateraarel, aléi@rwylaén@ gulwwﬂ l@trg‘ﬂ@rosand@r@mh)hlg@rrd@ gl ycol ,
triethylen I I | et her,

1, 2- hexéﬁe?P%F%ﬁBL g@g@Qﬁ%é#ﬁ%F&%gg@h@PMn§P§bgg%ggkﬁﬁgpggg@ggns aronatlc
hydrocarbonsmwpeﬁﬁaﬁhCﬂﬁénamQFS&epwadelndmhammawndmdﬁkamEmimecane
cyclohexaneua{%1t §¥e%,11qﬁa¥lene o- xyl ene, benzene, toluene, xylene,
tetrahydof v %ylte rahydofuran si | oxanes, cycl osil oxanes, silicone
fluids, haIogena&mﬂmhydmmmammdmﬁﬂmdhnkmmmmm@hamepmﬁmmmhnﬁcnethane,

di chl th t Al hJ f h hl
cceton vrilannasoEt SERELIARE AhuREOr LR ERE TR IRRI e acryl ates,
i sobor nyl aMP%(Eak,ewhelelﬁfvﬁ‘émgm%dtnddw%\wdh&b@m fpehyetdrghe e wglbgecnol

di acryl ate, ketones t one, k Qne,  cycl ohexanone, butyl
carbitol, cYEPUBRNPANDHES emraewﬁogm%klﬁev TREN N (ET ﬁ%%)é w RSN X IS
hydr oxyet hykdm Dy olsi yima)m OY£l, izGs R6R0AD S, v ﬁmhi @5 ket alvsis fhtehyges,

am des, dlnetI%Ifornanlde nethg lactate, oils, .natural oils, t er penes,
and mi xt ur edihEspiesmisIbEioupsRT Which ek 4 wdn Bthes indeperdspinssiccicAc ude

conponent s §iis Rikgs a@q shetrefoagtl aamenylaalﬂlu§ REL S ARt 1n01%§h1@9ﬂﬂ SthdniEligand
agent dryer, a fiiler, a resin binder, a thickener, a

anti-foamn
vi scosi ty n%dhersp émﬁodameramalprqmsaraﬁwnpoanc#qaeh/a\é?ghmtmd@zow%vﬁeéﬂzQar a
conducti vi t . agea de;or%léfsmt&ials' El@ﬁlhﬁag rrfa{e?iaﬁtd@ﬁcler%r &fffcﬁ Rlihe @ film

condi ti oner, ‘an adhesi on pronoter a dye. Eac ese conponents may
be used |n<anNMbe®Gﬂ2®ﬂHw§mdlsclosure at a |l evel of fron1about 0.001%to

about 10% or nor ?ﬂﬂ{ urfactants
i ncl ude S|onane§ &Ee%{%ﬁ%ﬁ%& gRQ@%&TB ?gﬁégnbg% ya %ﬁ en£%X|de

pol ydi met hydqsivilsranést” (ﬁal)y@smevalepmd of M Rﬁ@lsﬁdmwmemf MYy at ed
nony! Phanol Se:0RRI RIS Iy Rl DukengoXYE! 0300L, 1{ gL peAL bon SOester's,

fl uoroafli pha%lc pol ynmeric esters uorina phenoxy
al kyl eneoxi eepouakiay hhetmnpmﬁahﬁokmalaﬂnﬁmﬂmy(@ml)g(EJRﬂBX(ER‘"afybzom yivet hy teamy| ose,

et hoxyl at ed, acet yl ene ai nes h | bet ai ne,
i okl sal Foeut rRre kR Rl Rl i EARCRRTORE UL PRI ot et
sal ts, pol yanyet bachdiferal layll etehiedependottdyyRiy el fyt @ﬁEoﬁJukryﬂoaJ ﬂrMh et hers,
polyoxyethyle e- po opyl ene . bl ock copol ymer al k salts,

quat er nary g h¥ %?L?ﬁéﬁgaﬁv%fﬁ&éémgﬂgF%%F”@aﬁﬁﬁP@ gﬁ?s factants

[ ncl ude2ani @ebe@mbEdtic] LprecdNOSIutd caaltdy Oy is@ﬂ:ihfometry usdfilft@ct ant s.

Exanpl es of surfactants incl ude, SURFYNOL,  DYNOL, ZONYL, 5 FLUORAD, and
SI LVET sur fRIeRamt’S or CIGS majerialy, inglugiag matesials defigiens qr ¢niiched inghe of t hi s
di scl osure @km@ybey@%ngglm&gmlabout 0.001%to about 2% of the ink
conposition | es of a dispersant include a polyner
di spersant, a sLﬁrstaewamReaﬁw%bﬁmﬂ%ﬁwamﬁﬁ@www%@ROprm acrylic

bl ock COpO' Q%E‘i%e?i bgic%ﬁﬁé{;tﬁ{g%( J&h%fén&%f MAF{EN’)”?E v df 1\@‘9@@?— faRd z and
m xt ures t hereof es of an enu sif fper inc ude a fatty acid derivative,
an et hyfkneequivalents of M (ERY)3, where M™! and M™* are different monovalent metal atoms,

x is from 0.5 to 1.5, y is from 0.5 to 1.5, and z is from 0.5 to 1.5. For example, MA!

may be Cu and M*? may be Ag.

49



stearam de, an oxidi zed pol yet hyl ene wax, mneral oils, a polyoxyethyl ene
al kyl phenol ether, a polyoxyethylene glycol ether block copolyner, a

pol yoxyetWwolen®13m3sbi tan fatty acid ester, a sorbitan, a&aTaisk¢l/ogioboxane
pol yet her pol yner, 15pol yoxyet hyl ene nonost ear at es, pol yoxyet hyl ene
nonol aur at es, pol yoxyet hyl ene nonool eates, and m xtures thereof Exanples of
an anti-foam ng agent include polysiloxanes, dinethyl polysil oxanes,

di met hyl si RgxROFIONSSOHFES |30l yet hers, octyl al cohol, organic esters,
et hyl eneoxi de propyl eneoxi de copol ynmers, and m xtures thereof 20Exanpl es of
a dryer include afomatic sulfonic acidsB arpmati c carboxylic acids,
phthalic acidp(hy%kﬁiybgqphﬂ%gEﬂéﬁabtad (ERhghat-ey-ghyeire, 2-Pyrrolidone
5- carboxylic acid, and m xtures thereof Exanples of a filler include
metallic fillers, silver powder, silver flake, netal coat ed gl ass

spheres, graphite powder, carbon black, \oAdue?i V& ERY] (BRPYIEER>25et hyl ene

vinyl acetate polymers, and mixtures thereof Exanpl’ées of a resin bi'nder

include acrylic resins, alkyd resins, vinyl déﬂY%@PCﬂBPWVEQVI pyrrolidone,

phenolic resins, ketone resins, aldehyde resins, polyvinyl butyral resin,

am de resins, amno resins, acrylonitrile resins, cellul ose resins,

nitrocel l ul ose resins, rubbers, fatty acids, epoxy resins, ethylene acrylic

copol yners, 30f |Aipsigpediyprerussor g@hsound hngg bhe, thdwmisinchfdionk, mal ei ¢ resins,

urea resins atural,.r er.s;. natural .gu sphenolic resj cresol s,

o1 yam des. ChorybiBRar ERaLE et bt Br € BT R, BE G o) dibesthnes.

i socynat es, fra@ kheQltiser. ApelyiiRpt dtinesr,combbiundalf &fs kifid tinaRAL&d toROMKSt YI enes,

and m xtures thereaqf Exanpl es of thickeners and viscosity nodifiers

i ncl ude con aaﬂpﬁgcbaq Peend Plak%%mtws%gégap@@ﬁta%ged Syur et hanes, styrene

mal ei ¢ anhydri de copol yners, pol yacryl ates, polycarboxylic acids,

car boxynet hyl cel | uoses, hydroxyet hyl cel | ul oses, nethylcell ul oses, nethyl
ollingthecste ghl etrk Qf 5 0d LUl in a ghin ffiln _;L.sg nade|withy g

gel lant 5 & A& EReculdol anat es, guns, clays, waxes, polysaccharides,

starches, and m xtures thereof Exanples of anti-oxidants include phenolics,

phosphites, phoditiwdincas oftlks paention san P PUYREIY CCUEE exrpitandici ds,

cat echi ns, i et f : s include

waxes, celIﬁ?g%%2§§%ﬁ%%9§§g§}yéu%?ggﬁgﬁ?gég%gg@c@%@%@?%ﬁgggﬁgﬁg;siIicones.

Exanpl es of thanyhbesof diffzeent Gregb Udl elembidy kndobeiy yebpaghivavation dolynisacyl benzyl

pht hal at es, _ dli j.et. . i hal at es,
G- 2 et hyl HE Set YRl Ao e R RO O SRy LI Wl oo,

di cycl ohexyfor phkihgh ab@syoligicypberiadr layei Izemzolat sese psdeteosiechenzoat es,

pol ypropyl ene .gl ycol di benzoatges, neopent yl col. 15di benzoat es, di net hyl
P oonht bt ar eyt ot SRR e ERE TR s el B ppaARR

hexyl t ri mel havingtpesicteanideddtaithiomstrt bred @bdftrate includEXepogitiesa pkcuasceonduct i vity

agent include.lithiumsalts, lithiumtrifluoromethanesul fonates, |ithium
o ates. i IR ssichiogi Bt i UV R R HESEAl orf des.
hydr oxyl am qgodied pretikarihtdaphodnsltand 2k dib@sndtdirar.eof 20Exanpl es of a

crystal]lization pronoter include copper chal cogenjdes, alkali netal
chal cog%% des, aIFR%{P‘? asﬁ‘écttsaP01§3‘F‘E1“s?re§1r%P?rﬁléouélgg?ﬂhlﬁﬂwﬁ‘im 88 sodi um

chal cogenat gédetmehdll Widchdhiey cHAsHsbiMoSshkk phesvol@RAMeHMISHN nis@es, cadni um
sel enides, cadmumtellurid i ndi um sul i ndi um sel eni des, indium

fides,
Col | ur i dos, SsNpme S TESgbICS. GBS UAICAS. itasend GAIGASm t ol | ur i des.
nol ybdenum ol yhdepum Rthdntd 82 prddRis¥E8 N sRUIGRIWHES! stdi@iphdgnum

tellurides, nolybdenumcontaining c ounds,_ . and ures thereof
accord1¥1g to the empirical formula? M ETM&X)H(MM1_y_tMB%]M)%t)V((S1_ZSeZ)R)W,

i AN

25  wherein x is from O to 1, y is from O to 1, t is from 0 to 1, the sum of y plus t is from 0
tol,zis fromOto 1, uis from 0.5 to 1.5, vis from 0.5 to 1.5, w is from 2 to 6, and R
represents R groups, of which there are w in number, independently selected from

alkyl, aryl, heteroaryl, alkenyl, amido, silyl, and inorganic and organic ligands.
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An ink may contain one or nore conponents selected fromthe group of a
conducting polyner, silver netal, silver selenide, silver sulfide, copper
metal , i soemwarzss, galliumnetal, zinc nmetal, alkali meraisgoioahdoad i net al
salts, alkaline earth nmetal 30salts, sodium chal cogenates, calcium

chal cogenates, cadm um sul fide, cadm um sel enide, cadmumtelluride, indium
sul fide, indiumselenide, indiumtelluride, galliumsulfide, gallium

sel enide, gal | i Ut 'Wriaﬁ'&is b Pleceibirf chﬁﬁ’ave%ké&@teﬁﬁh&f‘dtd@lnor%btﬂﬁ telluride,
copper sul fide, copper selenide, copper telluride, nolybdenum sulfide,

mol ybdenum aseprding dethe sBpiyisaldammhle €fu mxéi]élm AR AL SurSsaRdE WARIGE t he
foregoing. s from ( toAMy ﬁsrlji{?n?f) 1 Nl (s BLOP URSRY AR AL RoRF b oL gs of a
metal , a conductive net or an oxi de. | es ‘'of netal and oxide

parti cles ifiethQdel.siisifiom 0. atound. vds fr@mt()aﬁnfpé 5 poppem,2 tobomd Rt eel , al umi num
and m xtyr eR Ite&%[sqgérou S, of Wthh thlﬂ% Hrﬁﬁlﬂnb\{e?rlh(%hé&lgﬁﬂ s%fécfeﬁ'%ro y contain a
bi oci de, Paques te n% gc%el at or a coal escent, or a
vi scosity n‘cdkbllfarﬂr heteroal‘yl alkcnyth@ntl@ ml)&wéM®ganmndn1€aom Tighids. di scl osur e may

be formed as a sol ution us solid gel or
paste., an ik may R RYRR BBt st Pliol SEPRREL T 0t i o

carrier, orcarhy uipd tamakd pHotaoltad rrta’mealpmiejmtargl CQu(ESe A pGals, Audal,, cert ai n

T R T A e e

pol ymeri@c preGallesNgGaTk)AQSaTE] OuleMBpapmEst duld e @uHTRISSE, precur sor can be

el or " past BBP T BBAISR (S ST CISHE AIECES ek OFORTE nkc of thi's
di scl osure gamRGhsTd, namGloet 0.5 centipoi ses 15(cP) to about 50 cP, or from

about 0.6 to about 30 cP, or fromabout 1 to about 15 cP, or from about 2
to about 12 cP. The viscosity of an ink of this disclosure can be

from about @&tl%ﬁmg%@@&éﬁlo@etﬁ JrQfa168%en Qtronﬂ il ﬁlmTllﬂ@teMmsI%@ Witk a0f an ink
of this disclosure can rom about to about C or from
about 2b0D M@e_mmmzoo 000 cP, or from about 200 cP 20 to about 100, 000
cP, or from abOLﬂm‘t%ggnéﬁB &f%l?fﬁgéﬁtloﬂ%aQQ%}ﬁP progirde]}ﬂ' %Hfﬁ?%ntl%ﬁgl CP to about
20, 000 cP. he viscosity of §| scl osure can be about 1
cP, or aboufﬁleSO@FJOIDGKYab@@kogﬁn@@mwdmsmﬂw@lmtl%r about 100 cP, or about
500 cP, or about cP, or about
20,000 cP, or abo%?‘g‘g%“%ogfin%, Qg}?ﬁg 891%5& %rg%ur?og%hpo]ugd&?&y

enbodi nment sgdvamagenkslyrbg/premmedaiith m@emredmcmlmmwmélrrb@eﬂrt@maﬂd@gergroup of a
Surfathdqt atgmga Sctqﬁé'lsl%ggebti\% at? IF%rI e]:cxla Ie 1% e&al% Bgdam g aa}lgie{{'ﬁ'e of. dryer, a
filler, a resi i nder, ath ener, RaR: an anti - oxi dant,
a fl ow agentwo oanmwymérwecuaocmmmmndsvnawoeaWBlfrorra)rreroystoa:l l'ization
pronoter, an_ext %Lt t oner . an a hesi on @r ter, and a
dye. In cerlfrgﬁuﬁs%&?ql%otufl e C%a]inrﬂ? %}J“ BiH; ooﬁlgof)?lo%ql mpounds from
the group ofre@a@dtempnld thateonteiadniywdics@heni de, cadm umtel luri de zi nc

sul fide, zinc s nide, zinc tellur . er sulfjde, copper selenide,

and copper teIIﬁpf@?“CPﬁxE%W§m§?B@¥%ga“%%ppﬁ?“ﬁﬁydfhﬂWﬁ?ﬁ particles of a
metal, 25 coneltiibimmey B} B use@n ARo@Xd BEmakifB a phdtoviidichBsdiBdeaydy di spersing
one or nore polyneric precursor conpounds of this disclosure in one or nore

carriers t o"®BRMS I SFEFSTRRCLhalgppsiFhiometry on a spOiey hEGEEeHBcUr sor i nk

conposi ti onmgans PEhdMVSRAE §kolbér B ?&Qﬁ%ﬁ% Bféd@c&%f?éd ST RorRQNYJHES | C precursors
in a solvent, and heatlng t he sol vent di ssol ve or disperse 5 the

pol ymeri ¢ prbuiaesiaelgde denesitis Anreuror hrata the Bicdetranad sicho e 8kt r at i on of
from about Q. Q@104:L 9 ARAME %ﬁ%o‘é‘ﬁedp? chsBplmoaQ/ﬁﬂ%vghﬁpg:bé%ltbgr about 90% or
fromabout 0.1%to about 90% or from about to about 50% or from
about 030L% mgeadlout 40% or from about 0.1%to about 30% or from about
0.1% to abo ‘91%11 L In[ﬂq I‘EPLB%H 0.1%to about 10%in the solution or

di spersi on. on may further contain an additional
i ndi um cont ai ni fgnbodiments of this invention encompass methods and compositions for

crosslinking polymeric precursors and compositions.
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conmpound, or an additional galliumcontaining conpound. Exanples of

addi tional indiumcontaining conpounds include In(SeR)3, wherein R is alkyl
or aryl. weanmmle236f additional gallium containing conp@cmas2em00kiede
Ga(SeR) 3, wherein Ris alkyl or aryl. For exanple, an ink may further
contain In(SenBu)3 or Ga(SenBu)3, or m xtures 15 thereof In sone

enbodi nents, an ink may contain Na(ER), where Eis S or Se and R is al kyl

or aryl. In certgismespadi a%fvsﬁmk@en%(dclgkerwe&%; AbnbdNakd(FRhitel NAGA( ER) 4,

Li In(ER) 4, LiGa(ER 4, KIn(ER) 4, or (ERY4, where Eis Sor Se and Ris

al kyl or ary#cosipupRgEsSasCcaosiiph. 9f 2 o1y petis/praeurtor Hkeempsotian. diiesubst r at es
The pP' YIerdGs Hﬁlﬁﬁg“'&,sa%oﬁlngrictppécﬁrsblrb\éﬁ'ﬂ{cké%b\a i?satﬁolg&ldf%%gghkol“ﬁéﬁke phot ovol taic
mat eri al s by gep05|t|ng a layer onto a substrate, where the |ayer contains
one or nor emplotulareydight pf apalymatoprecitier cadeyptiesipvenyerdemgngelby a filmor a
thin fil . [ e . ri ' ternms
"deposit?l ﬁ%%%%@@%ﬁ%ﬁ?“ﬁ%ﬂﬁﬁ@&%%@ggﬁﬁgﬁ$fF%?@%“#@ggﬁg%%gﬁﬂ%8% or placing a
conpound orink oorpesition om lptaoicd o a fvaderange tyubsigratr@slinkad piedirsg tspr ayi ng,
coat i ng, anq-ﬁﬁiﬂ}$PQMn(mfmn As used herein, the term™"thin filnl refers
to a |l ayer oY%t G < 67 ol &Cul es, or a conposition | ayer on a substrate
havi ng a t hi cknédssomd erhigglimdnirarhe@bosiink3@0f 3 Poiyoedapteeursor compositionA deposi t ed

| ayer of this disclosure vant age |y all.ows precise control of the
st o5 ot omet T 5 RS BE0hFo I PRoRAS dhckror AU oy G P e it Phe®l ayer can
be conpusedinktompdiitih UAeolimdpidpyddersbiCcopipeadit S04 Gxmposition canze pol ymeri c

precursors of thisg.inyention, and conposjtions .containing . polyneric

pr ecur sor s,cr?:szihrnﬁg b?ﬂé%(ggg?‘érassé‘ﬁ]f%g ageahigd ?Woﬂg?mgﬂ}%’fﬁ‘?gﬁg’ %®ABwn in the
art, as welihk asmpRithadsy bk SefiQSHe HRId@Irdhee by adding a crodskARE 8%n0h net hods for
depositing a polyneri¢c precursor onto a surface or 5substrate include al
forms of sphaiikFgmPeian; ng, and printing. Solar cell layers can be made by
deposi ting one Qf fFkLasPQY MRS IRMkEGWTS Qb nRfic blbdsFHcsah QAN a
flexible substrate in a high throughput roll process. The depositing of

pol yner 1T phreased Wopstreltheavappim of prapagiapet thindlims mede wiily theprechisotone by

o ot or s, or B B o g A e R R e
precursors’@ﬁVths di scl osure. Exanples of nethods for depositing a

pol ymeric precur : . LA Rgﬁg rayi ng, spray
coating, spray 5%%%8???@Hﬁ°§g@%@§§§?ﬁP§§?§$ﬁ§%§’¥b§%| a??@ns t her eof

Exanpl es ofMﬁEB&bM§;WbﬂepﬁiEtﬁwg§ushm@#mﬁ§ﬂwk&of this disclosure include
orinti g et prt e Pl saPhl PN CAR MR PERt 23 17
printing: fCﬁEE@Mﬁph@mﬁB&@@ming, gravure p}inting, cont act printing,
reverse printin t hermal pri.nt.ing, l.ithograph el ect roophot ogr aphi c

b inting and coneris PohebuliBk b en el tE Y iR hhO PR EREET | ng o
pol yneri c PHEREHS GheroMDdR Htiif @fi@cdibod€sAlastiead] €ai Redtwde two ER o

b e bt B R LS R B Pt g | e
coatingzs rod coatd a@mpklBeroti@k@eatih@ FERMBYRKRGWN Giaehitt@, Schémk di. r ect
coating, capillary coating, liquid deposition, solutjon deposition,

| ayer - by- | apdicaeioBoshamoit, tegehsing Q¢ pelymerigipredsionpiedinkeddttheg.  25Exanpl es
of methods {iMendERRSEihn&id polneri ¢ precursor onto a surface or substrate
i ncl ude chem cal vapor deposition, aerosol chem cal vapor deposition,

nmet al - organi ¢ chem cal vapor deposition, organonetallic chem cal vapor
deposi tion, plasnma enhanced chem cal vapor deposition, and conbi nations

t her eof Exanpl es of nmethods for depositing a polyneric precursor onto a
surface or 30substrate include atom c | ayer deposition, plasnma-enhanced
atom c | ayer deposition,
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vacuum chanber deposition, sputtering, RF sputtering, DC sputtering,
magnetron sputtering, evaporation, electron beam evaporation, |aser

abl ati on,wQastignm3se pol yneri c beam epitaxy, vapor phasecCefist@ep44054 qui d
phase epitaxy, and conbinations thereof In certain enbodi nents, a
first polyneric precursor may be deposited onto a substrate, and
subsequently a second pol yneric precursor nmay be deposited onto the
substrate. i A ts, several different polyneric precursors
may be depois{irpt‘g?mloq $§zﬁgmﬁrﬁte to create a layer. 5ln certain
variations, different polymeric precursors may be deposited onto a

substrate sinul fanegusly, or \sequentially, whether
printing, or by oth The dlffer | ymefic pfecur s

contacted or p?gg%?gg dur
FFE_ETgEur

or after thé d

before, during,

precursors to tRe substrate urf ace. The depositin

precursors, including by spraying, coating, and printing,,can be/done in a
controlled or inert atnosphere, such as in dry nitrogen and ot hen inert gas
at nospheres, as well as in a partial vacuum at nosphe¢re. Hrocesses\for
depositing, spraying, coating, or printing polynerl pregprsoﬁgi can be

done at various tenperatures including from about - h@Bto efout 650 C, or
fromabout -20 C to about 600 C, or from about -20 o> afoufN 490 |C, or
fromabout 20 C to about 360 C, or fromabout 20 C o ab ut 3 C/ or from
about 20 C to about 250 C. Processes for nmaking a so\ar Il involving a

step of transformng a polyneric 20 precursor conpound into a material or
sem conductor can be perforned at various tenperatures including from about
100 C to about d@s@nather gxaninle MUy EICU®O beuted dapeeityndsos of 2 alymetsm about 250
C to about ut 300 Cto about 650 C, or from about 400 C
to about 6§%é%ﬁgrw ?%%%a odf 300 C to about 600 C, or fromabout 300 Cto
about 550 C, or1ﬁﬂ®ﬁn@b@uﬁﬂB®@V@nmonabdmﬂWBD®V@£a@ﬁmﬂmbngSXEOUt 300 Cto
about 450 I 5 Ingi3 r recursors
on & substriLeds bl g R A AEBRT R STROENC TS R IO L 2
variations, ﬂmv¢hAnnﬁﬂmkmgag@mbﬁmmmuwmmaﬂﬂﬁpaswﬂ@dmmmgBwnmﬂd(ﬁm t he
substrate. meri recu SQF toge crossﬂnks ortmforrna? ot nmkcom{ erting a precursor
to a naterléﬂy na P f ot anneal 'ng can P’ dne S|nﬁ¥taneously In
general, a amgpm0&1heat|ng a precursor can be done before, during or after
any step, of depqgsitin [ ecursor n sone vari at a substrate
e be- ool ed” ab eynEubadinGi R BUF Pe piesireos by OBRERU T HEDIeS subst r ate
can be cool Récthafiaheips dArdrdglinkable fnc@inabedteMapbe steprsith b portidn pf ecur sor. A
substrate be coo ed to return the substrate to a | ower tenperature, or
to roomteﬁgéﬁﬁrﬂww gIe O osHIBEER HIRG MEBECETUr e of a deposition unit.

Various cool ant Exempe6t driglinRbRAGkE 6 gRRpARBuEISHNFIOvicAMryidtes ubst 1 at e.
The depositing of polyneric precursors on a substrate may r%e done with

vari ous app@raY lﬁ‘%%ycéﬂﬁ‘éldl&@‘i‘/?@é%le]@r@ﬁﬁ Igagtiyg pairs a§r%}nlkm§§nadé\‘7l ces descri bed

herein. s 5 &QmﬁﬁaﬁmMﬁ&h&kmﬁgﬁnnﬁﬂ@m@ﬁ@ﬂﬁh&ﬂﬁQBQBfMQ{Mgﬁ&kﬁcBM§&Ur50rS can
be performed using a spray nozzle with adjustable nozzl e di mensions to

provi de a uiifedlramby prissnicsapyitheleawntgh@lfdi st ri buti on. Enbodi nents of this
di scl osure further contenplate articles nade by depositing a |ayer onto a
substrate, where the | ayer contains one or nore polyneric 10precursors. The
article mayDépants substrate having a layer of a film or a thin film

In some embodiments, a polymeric precursor composition may include a
20 dopant. A dopant may be introduced into a polymeric precursor in the synthesis of
the precursor, or alternatively, can be added to a composition or ink containing the
polymeric precursor. A semiconductor material or thin film of this disclosure made

from a polymeric precursor may contain atoms of one or more dopants. Methods for
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whi ch is deposited, sprayed, coated, or printed onto the substrate. In
certain variations, an article nmay have a substrate printed with a

pol ymer i cwpnretwmsss i nk, where the ink is printed in a partiszer0omoshe
substrate. For spin coating, an ink can be made by dissolving a polyneric
precursor in a 15 solvent in an inert atnosphere glove box. The ink can be
passed through a syringe filter and deposited onto a M-coated gl ass
substrate i 1ﬂtr§dugh'1§r&tdotj%t ST £bﬁdt@mtal€ Qbs%?dé@[ &nﬁcla&tﬁréﬁnﬁglhétaﬁamr surf ace.
The substrate can hen spun at 1yor about S. The coated
substrate clarerpatha nobiess Ctptﬁcaﬁsw ﬁtthlﬁ* @@@ﬁttoéﬁ@@alamarﬂ@ dow}si cally for 1-2
mnutes. The coatgdushslalpaf AlanfyRarhalof fisRithuRaES dGfoponver si on of
the 20pol yneric m)l ecular precursor Imto a sem conductor thin film
material . about DEQAAtoMensrasht tph@wtrélambwwsmbﬁw wchadesthbendanig t he coat ed
substr at 0 t at 260 C
for 60 néle na(t("ré%&?") 80];11 Br %%pa)tgFI %go}%aﬁgﬂgg%\l/%%g? %r{; agééagﬁg%gg%ﬁ%daﬁas%%gt rate can
al so be don@fbynqd:ioatlﬂgmlctni1rcvaamprlél(ﬁéamédA(dﬂD@nt@nbwmnlad@i dtalevdd min, or
20 mn, or After conversion of the coated substrate
anot her pr e%&?os%arfhoggg pm?oqa%out ]1920!6068?5 ed to the thin filmmaterial on the
substrate by reﬂeaﬁmmgntbdal&nqms;eGMEmajoba/malH’dhumetqﬂraﬁmemsludmg LiheNa, epeat ed to
prepare ad 1w{ona% thin f g rpalé ial. layers on the substrate. After the

|l ast thin fI  pysdyre 0L gy o %’Feg?)laged on the substrate, the substrate
30 can be annealmﬁbod“ﬂmﬁtsaﬂlﬂﬁainlvﬂgmpmgéﬁlﬂaeﬂmyluﬂmH@{ﬂﬁt istapllafinhieat i ng the
coated substrate at a 'tﬁjr‘ g \LM c%;.l%f cient to convert %hf coating on the
substrate t%8 M AP ”% DrEVOt iaqnixtuigof any AENE FHEEH%ocess may
include a step qhshigaéhnihdie, @qasaadm&yb@é frafsRioAmefdBtof ffedh GBQpH n (30
Cmn ranp), or 500 C for 30 mn (30 Cmn ranmp), or 550 C for 60 mn (10
C/nmn rarrp)thr%‘ghﬁl‘s@pé for 20 min (30 C/min ranp). The annealing process my
include an addi tr, gfad erﬁ&annalfts Q@@ﬂa‘nf‘ﬁa} b@a ARIBA nRUPbiAtsh 8top30 C for 10
mn (30 Cnmnra , or C for 10 (20 C/'s ranmp), or 400 Cfor 5 mn
(40 C sl¥ anipyludigg hNboTP@P@daQ@IWQPE@Q’Oftheforegqm% pol ymeric precursors of
this invention GaGhCerstnk, TalfinPhol 0Ol idon WRIFLLA forRbfupe) ar cel s
of high efficiency. Sone standards for testing and performance of
phot ovol t ai igclpgdyy Caddo, desand peniz@Qrafd sy phdedfasggoge Nati onal Renewabl e Ener gy

6 enbod went s of e emBRRATE Rbpl mp 68 Pk hctpl s 18 RIBYR, "gevbces
and ener gy iodndieg i, 0, By stdenmixtiFobf ayiofithetftreg@ymnt hesi s of pol ymeric
pr ecur S% COITpOLt gon‘le hbeOd?IRe giagl§an§1%0¥ ge a&?nsﬁeggﬂe a(ingB tn?%rou r pr I nt ed

150nt o Substrates and or med ri a s and sem C uct or
| ayers. Absmclbdmg Era,t(éd iHal mdcaamxbm bireay béigic Sorbgringpt oel ect roni ¢ deV| ces and

energy conversiqn s i ments, t sol ar Il is a thin
Cayer sorar - cel MR HEpRiegrd & AanEEROe MAles nalEroiRpblachiliegs” & Gas
Al GAS or CAiE8 mbBlQrabaeﬁrﬂuaylerofézlgdﬁpmﬂotegdmgr printed on a substrate.
Enbodi nent s of h| S invention provi de ved ef fi for solar
cells used for P@‘H’Pe‘?rﬁ Oglfr%?flfsr iggglfa?“@@hs% rofnn OB g@ﬁg‘géﬁﬁents, a
solar c® | Qf sbhBisamdi SElxastibPanyDf helGbesiRy. unctl on device nade with a C'S,

CGS, AlS, AIGS CATS, CAIGS, CIGAS, AIGAS or CAIGAS 25 cell, The S,
CGS, AI'S, Al GSnEATEASPESA), e;golyaﬁ@erecwmgnmmmu@@de WiHb%he used as a

junction pals dﬁ'h%d tidBrpRrdaRAl Rétal mras@zé@aml Eor SAMPILIPSYEHde, cadmi um
sel eni de, mumtel I uride, zinc sulf zinc selenide, or zinc
telluride. wwr@bgwmmonmrbe Rippansd usieg aicarunt of Ne(ERy atherstE VST MySe,

MyTe, HgS, MQR@Q&% orMer ﬁl@ﬁatﬁdeﬁﬁo 1ﬁ‘le§tl§ %er%@cu@% @Qﬂﬁgn I'nN, InP,

| nAs, | nSb, conbi nati ons thereo I'n certain vari at| ons, a sol ar
cell of3Q hi @aﬂbesmbms@rlémlg@namnmttowf NalncCERoNdeiRe lrlndeRwi iifa@ifes or nore

stacked SO' §]§]@|a|IéGa(ER or Iﬁ%tu%g?%\gedf%lﬁ%rQE 1s7S 0 esaggéﬁ::is g%h' orq@fl ce of this

di scl osure ma ve a s bstrate an electro an “absor ber
| ayer 30, aAwplydovic paywsor40mpamd Oé_thuslamk@ar’oemsed to control the level of alkali

metal ions.
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conductive layer (TCO 50. The substrate 10 may be netal, plastic, glass,
or ceramc. The el ectrode |ayer 20 can be a nol ybdenum containi ng | ayer.
The absorwenoiizme23s30 may be a CIS, CIGS, AS AGS, CAPEI/US2010844081 GAS,

Al GAS or CAI GAS | ayer. The wi ndow | ayer 40 may be a cadm um sul fide | ayer.
The transparent conductive 5l ayer 50 can be an indiumtin oxide |layer or a
doped zi nc oxide | ayer. A sol ar cell device of this disclosure my
have a substrat eAd@ganﬁh@}ﬁser@slﬁdédamﬁoreca@o@afaa%aﬁéndn%yﬁ{mod@eewnnslgw layer, an
adhesion pronoting |layer, a junction partner |ayer, a transparent Iayer a
t r anspar ent thiy feytycsae of thy denosiion methopadeseribed Berdine tA dapanhinayeliodyer |

transpar ent1nﬁ9m%{fﬁl'toveﬁth91%1}ﬁr@/rmétﬁéﬁ‘§'knoxgn HaRCH GORGHE tdnifpRALYERT | ayer an
10encapsul ati ng an anti-reflective layer, a protective layer, or a
protective pol ynéeﬁonaaytfrthls finclesre minbaabipapi e an absor ber | ayer includes
a plurald ty of alRORRrol BYRE Sopants may be WbaifLA AOAAl hakigns. solar cells
may be made by processes g po yngrlc precursor conpounds and
conpositions of this i nventl on that advant ageously avoi d additi onal

sul furizatign or sel enldzatl on steps. 15In certain variations, a solar cell
devi ce may %ﬂ%enum containing layer, or an interfacial

nol ybdenum cont dnh sérmgerhlsodénents, a polymeﬁxpmsqnirm cahp@itpn obaydicifvreepad ymer

el < o MG Fe DALY Mo et S M B T e o, o
Thin 1ol B s ot m@?‘?lg‘éﬁ&“@gﬁpdﬁ?ﬁﬁhﬁﬁ%ybe ]
deposi ti ng BFM3ionne HEPIAS GUMRS %gﬁli PRBAISe BrEsst i gt Rl %b‘é“rots‘i%‘i’feﬁél gﬁt 0 a

substrate, Magidnd e polaneRaptdedorSompund6r CoaeRsMbH,As Rell ¥Ry dotubRitgcur sor
conpounds of this invention. In some processes, nanoparticles can be made

with pol ymetd@biiwiodionns suspensionnBsamier o sprpingcomparnds inshulg rarganice

Deposi t ed %W@%Bﬁlbtﬁih@%mﬁﬁl@xéﬁmmlrébe%gtdnﬁyﬁf&W@fjbot?ly ahfte application
of heat or energ I'n some _enbodi nents, the absorber |ayer may be
formed H oriAveRbivahenichpiagropreations Bumeniestad eanpirismpewds @slughi ch have been
deposi t ed %Wﬁygﬁﬁg@@[@gd subsequently transformed by heat or energy.
30/ n some enbodi fent s thin filmphotovol taic device nay have a
transparent conductor layer, a buffer layer, a p-type absorber |ayer, an
el ectrode Iaysry and a substrate. The transparent conductor |ayer may be a
t ranspar ent uctive oxide (TCO |ayer such as a zinc oxide |ayer, or

zi nc oxi de | ayerAsdopelebreintthe ’atmlhi;mdrmfemrto anycawrh oncheamaoad wbetyl thtern or a tin
oxi de | gyer tin, oxid [ h fluorine, or an indiumtin
oxi de I%(ierdongtre e%ﬁtr?n %6%511% ?bo&}ﬁ? che ngng}rlmo%oped with fluorine, while the
buffer | ayer cam b@ndaehrbummdhﬂtatddndemtatmdmluﬂnnatﬁ fide and high
resistivity zinc, oxi T abso er. can be a CIGS | ayer, and
the el ectrode | &)\ e%egi%elﬁgﬁ?ﬁf@ég@ﬁd?ﬁuc{?ﬁg ‘E’ﬂs%&yﬁ% t conductor |ayer can
be up to about Q\s’ilséﬂlﬁ?d’rﬁﬂﬁh@feﬁnbfgaﬁbﬂigﬁidﬁeﬁﬁ toIﬂnsrgbmié timitageupcan al so be

a cadm um sul fide e cti artn | ayer sone enbodi nts, the
buf fer | aye“ron}Pﬁ§P l&ré1 2@4@ iof P Wad‘?l&%ﬁrﬁéen ﬁ?\“ ﬁa%?%%ﬂa%l atong, P‘Efgﬁi um

di oxi de2s oromioRAydn@Kindexygen, nitrogen, SOME oL tRTRIcES, Which EansRAbent conductive
oxides are given in K. Ellnmer et al., Transparent Conductive Zi nc Oxide,

Vol . 104, SPRIREEP™SEOESUIF frheraos aigr) ¢ty eant beadyan be branched, some

aspects, a §QhBfandRlsubuttd\Gluddds@uid@l ybdenum sel eni de interface |ayer,
whi ch may be fornmed using various nol ybdenum cont ai ni ng and

sel eni um cont ai MisigetbpbUibdisT™ Herepigicped eeeeld 2p droagnicikemistl printing, or
deposi ted Ofh@ @niEMDS{UiRL BandiRh dh Br hokdIIk A ThoRDRbGVRLAAT C absorber

| ayer can de wth one or nore
30 Examples of ligands include halogens, water, alcohols, ethers, hydroxyls,

amides, carboxylates, chalcogenylates, thiocarboxylates, selenocarboxylates,
tellurocarboxylates, carbonates, nitrates, phosphates, sulfates, perchlorates, oxalates,

and amines.
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pol ymeric precursors of this invention. For exanple, a polyneric precursor
i nk can be sprayed onto a stainless steel substrate using a spray pyrolysis
unit in awgloumehbossin an inert atnosphere. The spray pyPOYS2&1006i064 may
have an ul trasonic nebulizer, precision flow neters for inert gas carrier,
and a tubular quartz reactor in a furnace. 20 The spray-coated substrate
can be heated at a tenperature of from about 25 C to about 650 Cin an

i nert at nospher ey dssuaﬁe%&ﬁ RS REH D @nytlaﬁ'é féféré !or{hle@gr&rxlyme phot ovol taic
absor ber | ayer. I n sone exanp ﬁ ilmmaterial photovoltaic

absor ber IaV@FlO‘@ﬂ??Xb]étenﬁ@éelbl}mﬁﬂ@WlaﬁeH@Vﬁlgﬂéﬁ fymla BCBr ekharaBis $.nk which is
filtered wigh,ar0.45 mcron 25 filter, or a 0.3 mcron filter. The ink can
be deposited’ onto an al umi num substrate usi ng a spin casting unit in a

gl ovebox in inerAs @?@hﬁﬁelatth@@phéh?écocmh@n@@lﬁw trthiogarbanipée, spi n coat ed with

t he pol yqrer 0 fip algut 5 m crons.

The subsﬁagtegenggzﬁlg&dgé%f énr%fotgllgl t%n{?eé eﬁéﬁgg?lﬁglﬁ%eraturé“g?&f%%% about 100
C to about $00r T; ant Rf zdrR’ alb&)ﬂht: sdb@Oor @i ffayera bodidre 650 0geni aikdnarylnerdn

at nosphere, 30thereby producing a thin filmmaterial photovoltaic absorber

| ayer. O Tt her exanples, a thin filmmterial photovoltaic
absor ber | ayer dxampks nﬁl@mﬂsyin@ndn/ﬁ ACndgl,@, ROHY RED,iIQH pROC MRSORCORK whi ch i s

filtered w a (.45 i R fl cron. filt Thelnk may be
printed ont%&f;i2 ’p@qwgyﬁli/%(g‘é’%g gm%ggf egggb@[{% :59@ dnESI\HéTz Kiet printer
in a gl ovebrxs dlkyland Electalagemsphere. A filmof about 0.1 to 5 microns

Lnd hoated at o ranper ot ieadpdine e geerons %%&%%g{ﬁ%@@&%a o from.
about 100 Qrfvl@lkﬁl@ﬁhﬁes@ﬁt@ite@ 4nd s@lfitdsnert at nosphere, ther eby pr oducing a thin
filmmateri otovol tai c absorber | ayer. 5In sone exa a sol ar cell

can be made by ﬁxﬁ’@?]&? AlgfisgAd Se‘P@H@er%rdé\hl BYMinG @D o Pitn IQénénCE er epht hal at e
substrate. dofhim:d Al @upmterial photovol taic absorber |ayer can be coated
onto the el'ectrode | ayer as descri bed above. A wi ndow | ayer can be

deposi t Bd ont o thremalss e ligapdy igglade cypnidess gpeles Atocraiides €% SUBIdRi de | ayer can
be deposi teﬂkﬁ&a&d&@% ¥Mnﬁﬂf3¥"ah§d’1§‘dc arhéfb%rﬁ%ms&%r@snﬁyﬁ ?JEF,Od' ment of a
solar cell. 1I0Met King a photovo tal c absorber [‘ayer on a
substrate |mllnutﬂ@8 @D@I@@Cﬂﬁmé%oﬁ@a@rhsmtré%polyrrerl c precursor conpounds,

provi ding a sub bstrate, and
heating the subzf%xr%a fes Oﬁl ﬂa%{r}r%léé%ﬁﬁﬁg&g qgsmgah Q%&Bdéc to about 600 C,
or of from lamautat@()l@orﬁlrlﬂas, thlvdatis, eﬂEﬂthCOlatcs énlkwhlepkateatthiostpctrer e, thereby

pr oduci | .t sor . havi thi ckn of fromO0.O01
to 100 fnl?c?ﬂc}{rare amgeSTﬁhO%EI%r ayi n§i phOS &’ %lﬁe %hl%e ; ?alﬁ( opﬁ}%Spkgrfesspr ay

deposi tion, ar;;eatnesje]j@ialrienmm, axyitarspmay agja’llqﬂ@tsanmes ‘Ehbmutaﬂdytsatbmmay be gl ass,
netal, poly astijc r licon. The phot ovol tai c absorber | ayer
nmade by theqﬁ@?lhﬁa%a 4ar§/]|§ﬁ(%'lsﬁ‘b§]c?isosure may have an enpirical formla

Cux (I ni _yGay) v( Sixamprz df liganikein€ude T, s{ fR oD, -8t aNT, 8SH, R,9, 8S20from O to
0.5, and z is fro to V|sfr 95 to 05, and wis from1l.8 to
2.2. In soné%le\ir%ggl%éﬁt%% b\/\?”i‘eéleﬁ‘ta SOW]Pe(Se ?C%RITHQGWS?W(?EWL c absor ber

| ayer nzgle Qyl, 5mtda@tr§hods of th| s disclosure may have an enpirical fornula
enpirical fornmula Cuxl %ﬁ% where x is from0.8 to 0.95, y is from
0.95 to 1.05, z Bxamplep legafl@ @du gog lPaosphigentimgthylyinylsjanciad hods ™ f or

maki ng a phekeydRiclaalsRtder |ayer can 25include a step of sul furization
or sel enization. In certain variations, nmethods for making a

phot ovol tai ¢ abdorbeles phespdyiagludaniinggeidpedy s gkt gmybsnrigeayls o a _
tenper at Urear?lfalkfyfg%%ﬁsbgﬂ&ls%{?nﬁ% ta ls@a{?ﬁl %ngsﬁﬁlﬂl@sg%%ﬁﬂeyg sprayi ng,
coating, or printing the conpoln s on ' the Substrate thods for nmaking a
phot ovo} ai sslcaplaiss, ISIelay@ate&mdla&yésanglﬂtam@elﬁmlhemesemomb@matmng one or nore

pol ymeric S e timg the
conpounds g{%{%{%g{)ﬁg&%su%sﬂ? I?)z%?% allgﬁ%ﬁ%g%{te?gmﬁkﬂ%ﬂg{]ogg%s?tgl(l%&é’cﬂ&% a’%l {grrperat ure of
from about ®@0@o@rhamaghout 650 C, or from about 100 C to about 600 C, or
from about 100 f.rom aboy 300 Cin an
inert at msphere%,xgﬁﬁgggglfangs lagUde Chalco%eﬁ d\?no?g P lao?agesasgseg? IO%I% ayer havi ng a
t hi ckness othick¢lomldiesOseldnoselddOlates,cillgirdti @hislated hdkydl eposititiolmgs, akypl be done in

el ectrodepositing, electroplating, electroless plating, bath deposition,

| i qui d deposition, solution deposition, |ayer-by-Ilayer deposition, spin
casting, or solution casting. The sub8¢rate may be glass, netal, polyner,
pl astic, or silicon.



5Met hods for making a photovoltaic absorber |ayer on a substrate include
provi ding one or nore polyneric precursor inks, providing a substrate,
printing wbeoimkg3ent o the substrate, and heating the s®ebItusate/oatosa
tenperature of from about 100 C to about 600 C, or from about 100 Cto
about 650 Cin an inert atnosphere, thereby producing a photovoltaic
absorber | ayer having a thickness of fromO0.01 to 10100 m croneters. The

printing cqﬂlo@@e&m auayl%slé&%aemat&t h@gthldtm&h{%& an'sélEﬂo‘ﬂQ@latfe§ apgfer
printing, flexograph &lntln or ravuret%rlntln The substrate may be
Fary

gl ass, neta@“E%@K¥W§ clggeselenolates, enylalied ghiotrissteretriiékyhmy furt her incl ude
adding 10 thgnbfliAl, 2901 ARRLeIMILCONLR LG, coFmaMId. such as

I n( SeR) 3, erein Ri1s" al ener an I nk composition for
deposi ting, spr dxamgles @fhgamlmmln@e &?@0%@1& ﬁldrﬁelbmoedm tional

i ndi um cont ai ni ti Oy ai-N - conmpound.
Exanpl egsoof add%@ﬁ@gﬁﬁpﬂsﬁlggﬁgﬁ%nﬁ% “’gﬁ%B\%“’ﬁl%l ud. g 1% éR) 3,
wherein R i §RaSk13lI Te:R '%&Isesﬁxéﬁp&ese&af{ addR EN,ontale malftonuiocomtdi ni ng
conmpounds |nc H enilav\?ereln Ris alkyl or aryl. For exanple, an ink
may 20further Cont aln %e%y ‘or Ga(Sel' | 3u)3, or mxtures thereof In
sone enbodi nent sAs waed handin rthg/term)namtibnm@c(tﬂﬂ)efermgltcensE)fiCko®sGrtth%hand Ris

| kyl 1 t t Na ER) 4,
NG ER 4. 11 dTabeEng e tfls CERR AR s endi R ERPATORBFRE 12 5 or s

aEd Rdl 5] ?Iﬂwﬂlemrauaé ¥ Inorgbikat ejﬁérﬁisﬁyghnmf mﬁiheggﬂﬂﬂai(i N&hé@ﬁdzltﬁré ansm ssion

This disclosure conte es met hods produci ng an elivering
electrlcal‘%8%@?”(%@ﬁgg?g%ﬁ?mﬁ?@PH@VF@ggof this invention can be used, for
exanple, to convert solar light to electricity which can be provided to a
comer ci al power gr|d As used herein, the term"solar cell" refers to

i ndi vi dual Zotoyeltaiephsother laxericompositionyso| ar cel | array, which can conbine a
hurber of sol ar &s&&&encm@cu%%!r hy s@hded@@yﬂeﬁﬁ§a9ifatet«lm for fle$ChQ3MpRgCan be
manuf actured i n nodul ar panel s. he power systens of this élsclosure
can be Hadesemicopdycge pordustial | scal e, |nclud|ng power for a personal use, as
vell as on a MegRuabimifhReliQ B RHBh:fidtiay sl IBRIS A A UT € of the
sol ar cell devices and power systens of IS dlsclosure I's that they can be
manuf act ur edixénes tapeaargiatpptériphwih gontoHedkertragdetampied stoichiometricsatpewer syst em
of this dis&ﬁﬁ§ﬂg s Hiid LZE8 solar cell on a novable nounting, which
may be notorize ace the solar cell toward the light. 5Alternatively, a
sol ar cell may Hesmmmnbsdspnmawﬁﬂkedmmbﬂédmuhwﬁéadb@nmhmmhdnﬁmmbation

Solar cglls h which v ] of cells are
el ectr | @al lse?e%mat on S?eé)%%l%?{lggVan{?l QOU Xdlge %Ori% CrI'l Hreclu% 9 n?pc?\%l(%eplgw tabl e

vol t age andxmqmmemm(ﬁMﬂsm&ﬁmmnst|cs. Sol ar ceIIs can be installed
on rooftops, as wel § nliggted surﬁgc ) 1QOt1§II khnds. Sol ar
cel I's can be cor*r%P?%IBe‘i}ﬁ Rrﬁc‘\ﬁ£F F‘S& ° RICH&LPSRF Bt .Sﬂréefnra% &Py ar'd "slth as
roofing til®&# pasdushiThgkBSrber material riayiavethe synpirean foamula ncl ude a sol ar cel |

G oat- cont AYn N Uk T SEFaN SgkCRuGU! PTG RERY EOPCA & Sphyent t he

batt er y25t oA@0@" sasie A fdi fRsverd Gaoupl IB3Gutdril Rlegld His SIoGarncel & or from bei ng

combination thereof, E' is S or Se, E” is Se or Te, E! and E? are different, x is from

0.5t0 1.5, yisfromOto 1, and zis from O to 1, v is from 0.5 to 1.5, and w is from 1.5
to 2.5.
The absorber material may be either an n-type or a p-type semiconductor,
30  when such compound is known to exist.
In some embodiments, one or more polymeric precursor compounds may be
used to prepare a CIS layer on a substrate, wherein the layer has the empirical formula
CuxIny(Si.Se,)w, where x is from 0.5 to 1.5, y is from 0.5 to 1.5, z is from O to 1, and

w is from 1.5 to 2.5.
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150ver char ged. A power system can be used to provide power for
lighting, electric vehicles, electric buses, electric airplanes, punping
wat er, dewel2onv@atsson of water, refrigeration, mlling, PeRMUsSR@OWOSHNg, and

ot her uses. 20 Sources of elenents Sources of silver include silver
metal, Ag(l), silver nitrates, silver halides, silver chlorides, silver
acetates, silver al koxides, and m xtures thereof Sources of al kali

netal ions incluyge,Rd kpbdts, eﬁéalﬁoreabl ﬁ‘lkhcﬁ%&é‘ior%&h% Sund@hliphd ustBlal hal i des,

alkali netal nitrates, selenides including Na i 2Se, ‘and K25e, as 25
wel | as or gaeesiet 619 lnver o apuhiias. whesein the layerasithe smnivisat Smelainds. Sour ces of
copper i nclage, goppey &E&@kmiﬂyﬁbbwofﬁ(}ﬁkﬁmRQ@RﬁfzﬁﬁLhgﬁﬁnoqQHBer

chl orides, copper acetates, copper alkoxides, copper alkyls, copper

di ket onat esw icloppés 023, 6, 6, -tetranet hyl- 3, 5, heptanedlonate copper

2, 4- pentanedi °”%§om&9a‘?ﬂ§5ns &ﬁao}r ol It pg&%}sg gagﬂouﬁd%%’ rbe used

acetylacetonate copper oet hoXi oesters, and
m Xt ur es t htempeaphre a CIS layeSmuar wgtramef whagtinuthe laucd hadéielenmlrwm floedh |

trialkyli nd(buﬂ}yE% eré(%( 1sr?r0 ht}ctio &j(}ﬁ 3015@' i dze1sfr m I %hl orides,

di met hyl i ndi U i et hdi a’ce Pacetonates, indium
hexaf | uorop\emmmsanaﬁes i ndi um net hoxyet hoxi des, i nd| um

hyl tri met hyl | d fl di d
T xtur s 1 her Goft GVCEE BRIy PRAHTHEN et Gl R i RaCBn ey PrAPCy  gal 11 um

trisdi alkylasi nfprqadrd 4 ary lagaaloh wnﬁbshabn@l&sem gl dyietinas fihLdipides for@alal 1 um
chl ori des, | odi des, . li.u e Ilium acet at e,
gal | ium 2, 4= ?}ifh d)iWo‘ﬁlé‘ir"eX 15 éﬂr’F{)g gﬁ%ré’xlﬁ Qme%tﬁrthdﬁ]“%? o1,

2,2,6,6, -tegtnﬂangtf}m{ hgm;@edl onate, trisdinethylamnogallium and m xtures
ther eof Sources of alum numinclude alum numnmetal, trial kyl al um num
trisdial kyl ani nd? &7 Fupad I%W?ﬁﬂﬁ%??ﬁé@emaﬂ’rﬁ‘fﬁr%ﬁ?mﬂ’% j@®sbe al umi num

10chl ori desyse@lortparm RS Sn a Sty | Alcwih PdMmyehhRMhd8Hirid@l (M acet at e,
al umi num 2, 4- pent anedi onate, al um num et hoxi de,” al um num 2, 2, 6, 6, -

t et r amethy | GeBvEneXilonuhae x isrira) fie A F.ant fFom L B, ahdrom &touk es t her eof

Some sour ceg, qf is9ak] » yg #nd indium are described in International Patent
Publ i cati on No. W2008057119. 15 Additional sulfurization or selenization
I n various procdssese ghbadinentsprairaere polymenoprpasior conpandnmxelbd al may

optionally hey ?Ow?%}ﬁ?etaeélésolg %B%Qu&hat%%ﬁe‘ﬂ&h gﬁtliﬂphé%rthesghoﬁﬁ%g ation.

Sel eni zation may be carrie t wth el ement eni um vapor .
20Sul f ur i z affoirowla @aylmgG@,afﬁllz%@)wwhewuﬁrm@memtlél y suftdnu® to Sehd mirsi zat i on

wth Hsz org ?‘E 1ts fr%r@ld/\g{)ohl g—i%ggwrr?%argel Lar, r5| ed out by using pure H25 or

H25e, reéspec e "déne"b "Gt 170" i n hydrogen or in nitrogen.
A sul furization Imsorﬁeezispentszahe amet epiymalmc trecudan eoapovatymbebpeedtour e from

ta gﬁgér g? Sr ec%rgl%rea aE) 8&58 16c1yer on'a substratreo n}lergg "dle l%%(r)ha% tﬁé) erraflggca f06rr5n(1)11ac or at

Cux(In;.yGay)y(S1.Se,)w, where x is from 0.7 to 1.2, y is from O to 1, and z is from 0 to
1, vis from (.7 to 1.2, and w is from 1.5 to 2.5.

25 In some variations, one or more polymeric precursor compounds may be used
to prepare a CIGS layer on a substrate, wherein the layer has the empirical formula
Cux(In.yGay)y(S1.Se,)w, where x is from 0.7 to 1.1, y is from O to 1, and z is from 0 to
1,vis from (.7 to 1.1, and w is from 1.5 to 2.5.

In certain embodiments, one or more polymeric precursor compounds may be

30  used to prepare a CIGS layer on a substrate, wherein the layer has the empirical
formula Cuy(In;yGay)«(Si-,Se,)w, where x is from 0.7 to 1.1, y is from O to 1, and z is
fromOto 1, vis from 0.7 to 1.1, and w is from 1.5 to 2.5.

In certain embodiments, one or more polymeric precursor compounds may be

used to prepare a CIGS layer on a substrate, wherein the layer has the empirical
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25 bel ow 200 C. One or nore steps of sulfurization and sel eni zati on may be
performed concurrently, or sequentially. Exanpl es of sulfurizing
agents i meburda/hysogen sul fide, hydrogen sul fide dil ut @dTwiseérolygsogen,

el enental sul fur, sulfur powder, carbon disulfide, alkyl polysulfides,

di met hyl sulfide, dinethyl disulfide, and m xtures thereof 30Exanples of

sel eni zi ng agents include hydrogen sel eni de, hydrogen selenide diluted with
hydrogen, —ef,giRRCAl(15 8EENHU B e, Sl YR PONER 0 008/ PRt BRIENLAE, al kyl

pol ysel eni des, di nmet hyl "sel eni de, di net_h¥l di sel eni de, and m xtures thereof
A sul furi zatifiem G Iseisdiim 805 ¢l 8t epd wdniramde® 8€-27done with co- deposi tion of
anot her netal s i pad : 1 L Ni tions

As used herein, q{; Eeer%t?ner m 5 )ﬁ(f;le%ti %edrf%roer?iéorlgﬁlﬁ%d (E')E u(rzsbo%%ﬁ%l ghso@%raﬂt)é;ns

i ndi cat es tusad togirerhera K@y layer opp subsgratabv raein 8ie lavieehasdhic ereyriesd f ound in the
formul a.; 5F e, ed. | ndj f.. el ur or

sel eni un§1 o&“&‘%@gg%fﬁﬁﬁf%ﬁg?Z%é%%%? &Eﬁi@&rﬂé%ﬁ%‘&%ﬁ’fy @lgﬁoﬁ%{r&‘?ﬁu?ﬁé}% this

not at i on t hie framdlutotl, ofs feach.9atohdT and bes specifto@d. For exanpl e, when
appearing in theincgerrciemaldir}cl&rtsmélrllea r%o g oniol er(i:cljlrgc r§ hgorgootua%si A lgeo' 75 1n, 0.25
Ga) indicates t hat ' the at on spem?i e Byylfnﬁe %yrﬁ)oolrs Y He pyarent heses is
i ndi um i n 7o% afprefae: COATGRIRGS oandulbsadate] whartin thcHeyct Basrtheranpiricd 25% of t he

conmpounds, regardles f ot i ity any other in the. coppound. In
P beame OBt e R i b e b B 52 PO PRI, ¥ 5Tt ot et ef v
equal ampunod, ofs fdnameb IYu iTHem @508 . 5Sy isFeom aFdo T8, Hld wasatep L6tare referred
to as chal cogens. As used herein, the letter "S" in CGS, AGS, CAlGS,

Cl GAS, Al GX& -and 15CAI GAS refers to sul fur or seleniumor both. The letter
"Cin OGS CASemékidimand ofibr@ivre el RESc hrecie@PPefipouhliembebd er "A" in
Al GS, CAIGS, AlIGAS and CAl GAS whi ch appears before the letters | and G
refers to sPPrPrepprict ot layerion aspbsgipiegvhespipde leysr bes thepropigeal ol cas and

CAl GAS r ef eﬂ’oﬁnﬁls?((tlngjsglxmanlyr@ayj@wer Y, heré R isHE7P0.00 89.99A 3Fronfh GAS, Al GAS
allium The Ie 2 S

and CAIGAS refers to galli e letter 20 "A" in ClGAS, Al GAS and CAI GAS
whi ch appeatd. afstfeam @ fel. judy frapd.7tod e v 6 fram Br/do { 8. adurisdiom 1.6 GAS
therefore cpyld al so be represented as Cu/ Ag/In/Ga/ Al /Sl Se. As used

herein, the terms CIGS, AIGS, and CAIGS include the variations C(I1,GS,
A(l,G3S, and CA(rs@pSmbasypats puedrynora nely@pis: pragusior gerap@ATSay kspect i vel y,

25as wel | r t] . i:hed ot herw se.
e terms AresB oA (T g ORRE MG el Aesiead O

All, G f\) S, l@mjule:@@ulr@gAXE;-yCﬁa@};@eeSdzMerwre amdiah G801 wl (@9, :al'rsd‘rc@AQ) IGS

respec ely,, a a ., an respectiy unl ess
doscribel olHet &l 0 ?o@ﬁﬁ%%@?@é“&é‘%&?%? YICEARELA Vs W 500 e

C or Silver2bs zero, for exanple, Al GAS and Cl GAS, respectively, as well as
variations in \M}ich Al um hum i s and Cl GS.

zero, far exanple, CAIGS, Al
he used her ef . b REG P THIGRS, Prutise PSSR ER e Yo, and
t hese t er meuse@fioqirefate CONTERIAGS o@ra sObstate] ®h&ci@ Gitlayen highe empirical
copper/indi um gal | i un fur/sel enium_ which nma ntaln sul fur or sel enium
or both. THE™&f %P‘é%ﬁ“lﬂﬁlﬂéfd)égl'@%e”t@i‘%xmf@@ﬁ'oéﬁtﬂ’OAég }Stj%()these t erms
refer tms comnoKRdRonD0.5 kL &l b (COPtIAN, Rid¥Pom 0.7 to 1.1, and w is from 1.5 to
silver/indiumgallium sulfur/selenium which may contain sulfur or selenium

or both. Th&>term CAlI GS i ncl udes jthe terns CAI GSSe 5and CAlI GSe, and these
terms refer to qRIRAUAAISIRRen®BLES brdhdte P@l?ﬁl@t‘id"{br@&rsor compounds may be

copper/silver/indiumgalliunfsulfur/selenium which my contain sulfur or
sel eni um orusgéiaprepare a CAIGS layer on a substrate, wherein the layer has the empirical
formula (CuixAgy)u(IniyGay)y(Si.Se,)w, where x is from 0.001 to 0.999, y is from 0
30 tol,zisfrom0.5t0 1, uis from 0.8 to 0.95, v is from 0.7 to 1.1, and w is from 1.5 to
2.5.
Embodiments of this invention may further provide polymeric precursors that
can be used to prepare a CIS, CIGS, AIS, AIGS, CAIS, CAIGS, CIGAS, AIGAS or

CAIGAS material for a solar cell product.
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As used herein, the term "chal cogeni de" refers to a conpound contai ni ng one
or nore chal cogen atons bonded to one or nore netal atons. 10The term

"al kyl " asousadissein refers to a hydrocarbyl radical eCTassavusased

al i phatic group, which can be a branched or unbranched, substituted or
unsubstituted aliphatic group containing from1l to 22 carbon atons. This
definition applies to the al kyl portion of other groups such as, for

exanpl e, cycl Oa|IK¥(I)me @sb&%xne @hﬁ@}@@&&meﬁé aekitdors ﬁﬁsdb@&s@@fo @Eaups defined

bel ow. The term "cycl oal %/Q;}Ias used herein refers 15to0 a saturat ed,

substi t ut edles Cm@am Ty e, QI@(‘W AlCAg Qf&ﬁIQMllﬁ?ﬁeffaﬂéﬁﬁ 3to 12

car bon at ong, rm"C(1l-5)al kyl" includes C(1)alkyl,
C(2) al kyl , CF%{% %?Ea)ﬁgpﬁlﬁ%g%% C(5)al kyl . Likew se, the term

"C(3-22)al kyl " ilnécbruﬁd‘e@éla@rm) @neloyIrn0r6(1(02})ra¢rlanecu(’§@r§)lmw@eluse€@€@)ﬁ‘@?ﬂl@yI

C(5) al ky. %1@%) | kyl

C(11) al k§yl C‘%@i ;é‘?{ IFCA@S‘&?@{ é&%gli&@%%bﬁs%%wagoq 16) al kyl ,
C(17)al kyI Wh}(rd.lﬁ)}ElSiQYdh,IOIﬁ(tll@D)fdiekydtal a@(nm]))fdiekydt@rlxté@lt)ewbktwl ledand C(22) al kyI
The term’ al kemi r? NV r1a{jons onelo? roee e0r erc T cursorsm at e%’t breagr%hed or
unbr anched, subst CE i EH & OGS FlofUaE }IP? or cyé’l SarkyP PRAVS ng 2 to 22
car bon atonasCESndI(aS AISaAIGSDmaISa(EM@}a} caﬁmmlmmre:mo}m méﬁbml'uengn al kynyl "
as used herein 25refe rs %r][ aturated, branched or unbranched,

substi t ut ednaBPpaurthcé?fB)ﬁpafeﬂté B?Wj’(m?ﬂc RIGFU8Et kyl having 2 to 22 carbon
atons ar at | edstereieertliydiidintss afidx@indré p@llBetxopecursors may behired foer m " al koxy"

Coval ent Iy BEHEHCED S SRt GhER Elods A EENYIc R 08 herei
refers to -Gh@ladh kybr thihhagbeFRYeRbd ANrBaiKebY tBfpdaliel fdhib@ as "acyl . ”

The 30 term "al kanoyl oxy" as used herein refers to -0-C(=0)-al kyl groups.
The term " aokrdhi no" as used herein refers to the group -NRR , where R and

R are each elthﬁgolﬂy%&g@en@&lﬁérlsx&lym@mp@éurimay Reh Rfch R 1 S

al kyl . Al kyl am no i ncl S such as peridino wherein Rand R form
a ring. LTheCBefHS, aﬂlﬁyfﬁé}ﬁ GOMPIGAICS, S PtI@ASaﬂrb@y’%IGﬁﬁFmteﬂal asa  The term
“aryl" as thvORfi8]a)err €f ers to any stable nonocyclic, bicyclic, or

polycyclic carbon rihg systemof from4 to 12 atons in each ring, wherein
at |east one ri dgswrse %ﬂr@h@n& @ne 0BOIPES mlﬂmlceogeccgfsomnaazr@eluwdmIprmérephenyl :
napht hyl , t Pﬁ% h iR ary

subst i tuentaF%hrse 39 IC your?gfgg?%ﬂllcosnﬁgﬂ%ﬁblgf gfr?/aé Alg\hl t fgﬁlljrider st ood

t hat att ach@#Kis, |C51GAS AI@S&OMAS layergn aAaarlayyf surstyatdseinsludbisgi t ut ed or
unsubstéé Utﬁ’em o subs altThe term"heteroaryl” as used herein refers to any

st abl e fonocyc ti tf) yclic, or polycyclic carbon ring systemof from4 to
12 atons in eactExlamp@s ofmhleibedrheramméreamtludm@umslgA'gGaSy@m@a‘SzcClﬂm cont ai ns

Phosphor ous AR S BrGHR T CHe" 4 el et Batom Sone SYARGP<ClBsSa not er oary

i ncl ude aCI‘Agi[InB%l AumleDQmBEﬁWgTISByIAaqu‘ﬂey,lCuGadeQlAgGaTdQEMZ@dFeb azol yl ,
furanyl, thj zoth nzof a nol i nyl , isoquinolinyl,
oxazol yl , é‘gﬂﬁ‘?o‘ﬁ esz uT pred; FA“%ﬁqzm nyl, pyrinidinyl,
pyrrol yis and taxxaﬁbhégibpgltubmbérmﬁdterlaﬂnbma@cmawgsei @@M@&ss@t he N-oxide
deri vative of a nitro 15cont ai ni ng_het e The term

"het er ocycl Q¥ HQPSS%QP%%%%‘?&%@TIS% %‘géﬁlsﬁ%r%i%TY%e‘?%G%gs%Fn aromatic or

nonar omat i CAfGAASSY 8hBi0a8Ee, AT YE AudndanRme mﬁms@ﬁeomnmdmel nfroml to
4 of the ring atons are heteroatons sel ected from oﬁg ﬁ nitrogen, and
Thé

sul fur. PhodpR&slS @saTeTeratmlney ctuGeThler odhe BGagToet erocycl e
may be a 20&%@5@?@ ghInQﬂS'[ae AL, RﬁInEFfStTrea@wFtyﬁﬁQTé/ Qg PR TE hgh eof The

term"aroyl" as uséd herein refers to an aryl radi ¢al” derived from an
arorratltocat?s@@%@ﬂ@; acid, such as a substl tuted benzoic acid. The term
"aral kyl" as us r g al kyl group,
for exanple, a g[glﬁlza?/? %glr@gugfseg(?%e tefm (E%Q’ble%%% Rﬁg‘gggg%‘glcﬁesr ein
represents layegmmwrbe(uﬁedtmeh Yapipwjlhiaction @ém&)s(lbipmduce@( soliy Qell. Frhepiesofis
"carbonyl " a rein. r i n oxygen
atomis dou]b’[lc 108%'%%“6“ §r5§§e§%ro ghn t('% artgn%—f)lu&rﬁdg gIozn‘sﬁyaalro &Tﬂg as used
her ei n r ef e$ce, fooexa@len Martth GredinSolae ICILS: Wiperdting Priotiples Yiatioiblogs amsed herein
refers to -CN. The term "hal ogen” or "halo" refers to fluoro (-F), chloro
(-aj,
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30brono (-Br), and iodo (-1). The term "substituted" as used herein
refers to an atom havi ng one or nore substitutions or substituents which
can be t hwozanm1m3sdi fferent and may include a hydrogenPsuhstémwoenss Thus,
the terns al kyl, cycloal kyl, al kenyl, alkynyl, al koxy, al kanoyl,

al kanoyl oxy, al kyl am no, al kyl am noal kyl, aryl, heteroaryl, heterocycle,
aroyl, and aralkyl as used herein refer to groups which include substituted

variations. g, 3upstiplitles Magd)akicRIE H. BEbUBRob NIRRT MubFiaREReE), and cyclic
variations, ‘and groups having a substituent or substituents repl aci ng one

or more hydhegen uﬁ‘ﬁ@é@éﬂyel@ cgadys. drdonek af Brorieindcigraysd Substituents
that may beg @%i a carbon atom of the 5group include alkyl,
cycl oal kyl , eny a kynyl, al koxy, al kanoyl, al kanoyl oxy, alkylanino,
al kyl ami noal kyl Inaqmw aspedt, éhed]alﬁlyless Henebodhee lager raayosel fronarbeuk§p! teacyl
hydroxyls C&ﬁ%ﬂt%o%h% elé?s' ﬁlﬁﬂr@{ bou?GO DR b3 ib%%yometegé '6}’#8’1%15‘ cyl,
acyl oxy, aryloxy, ary oxyé mercapto, nitro a , anDyI, and
heterocycld)OF@mbaKdﬁmheonthegbeﬁmnGWhWOOSnnﬂndﬂﬁmmmnhmusCkﬁnnmation

- CH2CH3, - CHF F,
G20, PTGy R RN Al BaRe TR aR R S BBE P ener al . a
substit uentatﬂmy().l tosbbilit 3heictamictdae for fotnsbot Otled abéut . Sanigroate@m. or gr oup of
at ons. Sonme exanples of a substituent for a substituted al kyl

i ncl ude hal ogen, hydroxyl, carbonyl, carboxyl, ester, aldehyde,
car boxylemt esubk@ateny| | ketone 15t hi ocar bonyl , thioester t hi oacet at e,
t hi of ormate, sel noc r banyl sele ester, seI% oa sel enof or mat e,

al koxyl, phosph BﬁB% 8H§F%O ﬁ&@ﬁﬂ?%ﬁ?@ ﬁmﬁﬁlﬂ@ro%ﬁ1dlne

i mno, cyan@bsthitd rIQl,e s@strEe calCid RadvRdf Qny é‘ajblstﬁlméddfrﬁdkan Bdvi¥hi Kiape. sul fate,

sul fonat e, sulfanDyI sulfonanldo sul fonyl SI| het erocycl yl, aryl,

aral kyl , ardbsFgtel aY%{ﬁa f pRlyragrisgispuisossap bweﬂ t%@@%ﬂ@h%w&@c #y4t or
"substitutl&gwepr "substituted with" refers to such substitution that is in
accor dance mnth ermtted val ence of the substituted atom and the

substi t lient . Bglehaf supyirates |ga whighys podimpsicipragiiser ofite fliggesiregan
perm ssi bl eoesdépés%ﬂe& Hleﬁ‘rhﬁed 1hélu&es'8§1k%hducﬂ>r§ﬁw%mmﬁmﬁc&%ﬂ%ﬁ&dﬁ one or nore
chiral centers. Corrpoun 5contal ni n one or nore hira cent ers nay

i ncl ude t ho@éhtmle@,r@erm@edmdstmnglaassmlﬁb enuy glass, silicon dioxrde, titangum dj ast er eoner , "
an enant| ofiBide. 20 o BBIIESh i RTRLe conlnaih yertgeem ¢ mxture.

Conventions for &t ereochem cal nomenclature. for exanpl e the stereoi somer
nam ng rul es of ACaibstrat¢ mgpbelccated vRthehdghdeasmweh hohddermhodgifiag t he
detern1ﬂﬁt| 8 (ftereochenlstry and the separation of stereoisonmers are
known in’ the 30 art. See, for exanple, Mchael B. Smth and Jerry March,
March's Advancednﬁhgamn@xﬁh@m;sEMyumEnhyédpmmamwdﬁﬁmbmmiﬂmmnmnpounds and
structures oftt i SC ure are enconpas %fl i ble isoners,
st er eoi soners, a“ﬂ‘i‘gacsof’@%%qer& g Oéﬁé?ﬁ"t ?%?P@P% > cghar “6033(? cat a% mers that
woul d be undeniinod to exist for the speC|f|ed conpound or structure,

i ncl udi ng any mxture, em c or herw se, there Thi s invention
enconpasses anylgﬂ QFP{¥§ﬂF%ﬁ€PN@“%§61 é?%ﬁpH?“@W§3FW%@@ﬂ°“WV@Pated or
unhydr ated BeQiepBsite@sr Wkdd idGud etk Qﬁemlwtsomelyﬁwnqﬁl gfimishe, conpounds and
conposi tions di scl osed herein. his inventiaon enconpasses any and

al | cryst al }eABUBAXRBIHREGR- CB’EOFTF‘é‘FéWPaIBE?R@’E SPirRessldrisad: of the conpounds

and conposi i RAkesdi ke D pAGINEL, Blalnurdddidid RN diFARAJENRIRRSs steel, Al l
publicati ons, ref erences, patents, patent publications and patent

appl i cat i on¥cehiOBSUNBHEN.Hingfignisme ANEwe BYC. FHEQTYN.JRtEIRIIPYSe B at ed by
reference |gm&@%hg&gjgﬁﬁ$%Q&Mc&g&nﬁkksgg&gpses While this invention
has been described in relation to certain enbodinents, aspects, or

vari ati #hs, and hrxamplesief sibjtetds guevhisharpobyeeric prachrs proat tlpmdlp@gselse @h

illustrati at this

i nvention ﬂ%éeh%ggﬁg ﬁ%ﬂ%ﬁ%ﬁliﬁ%m&Qﬁéﬁggﬁc%é&%%@%p&%m&@épﬁé@g%ﬁs and t hat
some of t hepadnaibleddesiyrthilenk t@&hlethdatns lycebbonaa?slp@d’esimaswdt@stabl y Wit hout

departing ftrﬂ%rp, 1Inhl ISS poqu?r?y;[l ﬂu0r1des po?yvmyhdene fluoride, polyethylenes,
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i nvention includes such additional enbodinents, aspects, and variations,
and any nodifications and equi val ents thereof In particular, this invention
i ncl udes woyotasnati on of the features, terns, or el eremits2ab/ 084984 vari ous
illustrative conponents and exanpl es. 20The use herein of the terns "a,"
"an," "the" and simlar terns in describing the invention, and in the
claims, are to be construed to include both the singular and the plural.
The terms " cachiadidd, polychRMultshes pomﬁieﬂaé%nes pblpﬁﬂla'éél Ismyw@n@lﬂormm ai ni ng"
are to be construed as open-end ed terms which nmean, for exa
"i ncl udi ng, achlenitide b@@llqnmswwepélymerﬁhﬁlscon@%ﬁmyg@e%cwgbm%l@ nﬁrsr@@%g,
thaving, * i N1 ylGmpics bAGHHAAG AR o IR RGN oAl BisQBwfons! rued as
bei ng i ncl usi ve, P excl usi ve. Recitation of a range of val ues
herein ref ebesdepwﬁdmldualltddynqlweéa@ﬁnganderm separate value falling within
the range as if or, not some of
the values \/\Athlplﬁita ﬁ§£§gﬁggb§%gﬂgbﬁ%e ﬁh&?g ?ﬁﬁﬁ&Q§]WP§82§%#bag t he range
"4 to 12" bmiepohetsdwnrhmaltmctludﬂnamrsandca)agedwme i nt eger, fractional or
rational val ue eat er to 12 as
woul 0 be under stogn by PHESSREiRH Bte thbr dn et P AR eopl oved
herein wi | | whieh mpdgmsmmdcmmf(mmmmoymalﬂa hmiepbmedi inglutle b Kimps¢ope of the
i nvention. §tcktat| n o¥ a ra § oy ﬁignslhereln refers
i ndi vi dual | §PTE%R¢ 8%8 Uy S B '8 ?fa‘l‘{? ?%%Pﬁ g R PR # ange as i f
it werel0 ndbl¥vdeiadeya eueeddtsetfadeen eispheroMdnet her or not sone of the val ues
within the range are express recited. Far exa the term"Cl-8"
i ncl udes wi t hout™ f‘ibﬁﬁratt%l@?%ﬁ {a%ge@ EﬁP%gdhé?lon@? n%égef@fth@po%%%l C7, and
8. Defaiifli §ripPiRandéf atlﬁeyféaaf@ﬁdlyﬁa@icr@ed@fs@vmﬁg ifeh&dnd shoul d be
construed to include wthout recitation those neani ngs associated with

t hese terms knoviramples pladbesion nrpmefersanglyds alass layerya gicw! kuer # nt ended to

limt the sgoREmQbnbiithg 13% ratth@atenlésﬁtmmntgu@@ﬁ a¥ntdIGAROAGRIngs Provi ded
herein shall be construe dom nate over "alternati ve 10definitions in the

art or Hef |ﬁ‘1P$SFe@ﬁl$trldmltWhB”é@5ﬁ%€ Hisayrpuirde ddamen gitidgylicidst @pehee to the
extent thatyibdae kA S WRdnEmdBhiaitd 1908 SRR otthihlhe e, Akl L1 on

provi ded herein e exanpl es gl ven herein, t e exenpl ary

| anguage uslexkrirareids laice a§@llbéieya}’febran§ hénlpnﬁfpt)%@el@ﬁf i I lustration, and are
not intended to nd Iists of
exanpl es are undé fg%g&?jgé%gﬁﬁgﬁg e}sq&lﬁd} ?&ﬁfk\%ﬂ}éﬁﬁ% %Q%F&legnpl es is

gi ven, suc mrgaloamlcilcmal mlan@mupbmmwnts rﬁdh@@mee&nﬁhyIMWMtglmtetbm table for
th|S|n nt i n ski.l | e h It t hat

i xt ur e%’(? of ac?tﬁtes,letthg/;f\éna glgggl baspglgbggrcgla{eg a% ?a%c% acryhcsn,pngesrI tatg ri?nrgmy al so be

sui t abl e. E¥&hHkESIR2AT verborgicaidaatrgane phnsdhy)sc scisT@GAyoleasndeixtwesred using a
@0 Therrmgtéav%tmstri c Analyzer (TA Instrunents, New Castle, Del.). NWR data
were recordéd ng a Varian 400 MHz spectroneter. EXAMPLE 1 Controlling

t he stoi chi onet rsylbgfatq@cﬁiaymsenayereﬂmemurtﬁﬁtes lay@Sef@e thd dSpRn®n beptidting Of

met hods for r?e?parén meric F%eﬁursor enbodi nents (MPP) of this

i nvention haViHg" eSOt ofi IRy whi ch are useful for preparing
Cl'S and2L GS rrat&aingie%pibatrm ISRMBcRISS gharifentn@ilohehiaaimidny. The X-axis
of Fig. 8 refers to the weight percent of a particular, atom either Cu, In
or Ga, in t¥BRHRMIAY CHRPEIGRR ]S aﬁ?@ﬂ&@éﬁ%ﬁ@l%ﬁww%wgom ecursor.

The y-axi s kigfd8r@nthi@midkeid¥RiGiim REH&eitani@ riB@iliéigd kkaldh @MidN the
silicide, and combinations thereof.
A substrate can be of any thickness, and can be from about 20 micrometers to

30  about 20,000 micrometers or more in thickness.

Ink compositions

Embodiments of this invention further provide ink compositions which

contain one or more polymeric precursor compounds. The polymeric precursors of
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synt hesi zed pol yneric precursor conpounds. Atom concentrations were

determ ned by the use of ICP. The linear correlation observed in Fig. 8 for
several dwbferiemr23spol yneri c precursor conpounds showedPChatS2e410844054
stoichionetries of the polyneric precursors were precisely controlled by
the quantities and conpositions of the nononers used to nmake the polyneric
precursors. The linear correlation observed in Fig. 8 al so showed that

met hods of §RiigycHiSChASIY Red AR pHSE IR rﬁﬁ&%alﬁye[ﬁﬁﬂﬁﬁgﬁn éﬁ%ﬁmunds hayi ng
a range of arbitrary stoichionmetries. EXAMP 9 shows results
of methods Fub¥tra: epari ng pol ynmeric precursor enbodl rrents (NPP) of this

i nvention hayi n%%ﬁg?ﬁl?srd@cfb%e%B&h&@écﬁ@?%ﬁbfwé"ﬂ’e&& Fhfoliful for preparing
Al'S, AIGS, CATS, and CAIGS materials he sane 10predeterm ned

st oi chi orret&tgdchlqlh@trlszraéuoﬁ ef watalmag)msgn thefidy becpuse thvanipeandhcoppesednta of at ons
of a pardic or Ga, in the nononer conpounds used to
prepare%heﬁﬂx\ﬁ[re ?}Em(%lrcgjcﬁprssélg The y-axis refers to the wei ght percent of
atonms of a part|Icksldnhlskdlmiosuwdahbewmlbbemymhqdeﬂcwmmdhq:ﬁrecursor
conmpounds. Atom concentr |%rtlss @iﬁcan ter({nb lelr% oF s rec rISS%P. The

| i near correl at| on o%serve rYseveral’ n”e ent “pol yneric
precursor cmntpmbrmlmcsdnmﬁs thlaatmlt hﬂy b msubemrmtolf tlemlyfnehhprepmquer ic
precursors vvereE% eci sely control I ed F% Liatntl tfltes nd conpositions of
t he monomer'd SEG"E 5 gk &M FHEC YEIATRG, 1%83?369”30 W@X‘?"r’i‘éar correl ation
obser veth i nprédu@sorinah sepasib eiveier. tatcattiet dddsclafe chb bsmelieedadRUig@idcan be used
to make precur ounds .hayi a range of arbitrary stoichionetries.
20EXAMPLE 3'¢8 ??t%IaP%yf%algf‘%F‘E%?‘&rF@F‘P Gt bulk, crystalline CGS

materials using Anplhyaﬁmeqnme%wf@mlﬁgo&lcgmol@posﬁﬁmlﬁ&mbfs of nethods for
controlling the stoichionetry of the conposi t| on of bul k, crystall | ne

Cl GS mat er.%wnpOPWStaH%%uhﬂé@Eﬂ digsolyigg SPlé(ﬁ‘il% o Wﬁmﬁhemna)oa%ﬂswrlﬁlm
controlled. floemoil&aﬁméwrmoﬁpaln% @pé@%dm%aﬁ RGIahQyseiidche structure

of the crystalline phase of bu materials made with various polyneric
precur sbY s. NaFpRartiches; Bicsapartichs (amarphogalor disyalyed mdleculepystal s of CI GS

mat eri al s v daeeh et Biioh DFut BhBEHEPRARLI A Aot ieaRbiR an(112) peaks

in the X-ray diffraction patterns. shown 1 n a |linear
correl ati orbwﬁla@ﬂ flenwh 0 0006 vedhaut 3986 b@w@emfrosmbﬂmmli’/ﬂmah@ﬂ BoitekorCl GS

material s N the 2-theta-(112) peaks over a range of
per cent in &q’éﬁﬁz %&t&\ﬁigg}to about 90% corresponding to a ratio of
indiumto gal I i unpélymetieprbanirdor GEGEXistet e tifatl or Bfwale MAse gdothd 0,

respectiyvel The rial =2 e fr.oma polymeric precursor
havi ng a éd/petr&(]‘flger?mrea d%@gornggé%o% Efttlo {?%au”g puréntlg% t he x-axis. Thus, the

results showed tlhaitmd veeiatiadsiod thif 1nvermi|ommotymeg1aIpfelcummmthaaareb%alﬂmt erial was
Py oo, COMALLE B A AL kI BB IS SER B o0
crystal | i neshAr@hximgt eri al s usi ng pol yneric precursors
As used herein, the term dispersing encompasses the terms solubilizing,
25  dissolving, and solvating.
The carrier for an ink of this disclosure may be an organic liquid or solvent.
Examples of a carrier for an ink of this disclosure include one or more organic
solvents, which may contain an aqueous component.
Embodiments of this invention further provide polymeric precursor
30  compounds having enhanced solubility in one or more carriers for preparing inks.
The solubility of a polymeric precursor compound can be selected by variation of the
nature and molecular size and weight of one or more organic ligands attached to the

compound.
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Fig. 11 shows results of nmethods for controlling the stoichionetry of the
conposition of a bulk, crystalline AIGS material. In these results, the
rati o of wodoumi1so galliumwas controlled. Fig. 11 shoas/usnoianadogsi s by
X-ray diffraction of the structure of the crystalline phase of bulk AIGS
materials made with various polyneric precursors. The ratio of indiumto
galliumin the crystals of AIGS materials was detected by the relative
positions of th@%nszch@ﬁlﬁos(n%;x%}thﬁ)ﬁﬁ%%tl@ﬁ mrap@orﬂglﬁayy&itﬁéd@gﬁtg @RclpRtit erns. As
shown in Fig. 11, a linear correlation was found between the percent

15i ndi um i fherdie daKRpaa; leowide dialt s and the positions of the 2-theta-(112)
peaks over a ra t ing to a
rati o of indi umqtglgccgﬁpoﬁlﬁgﬁrse(?rtlhl% Efg&gﬁ:{(&aﬂ%eg{& n%tg}él}llg%&%s %19 &%q?{%ggﬁo 100: 0,
respecti velayﬂweﬁwerrmﬂ@gs diadlescil 4¢rsinver e each made from a pol yneric precursor
havi ng per cent S Thus, the
resul tsass howed t%fgﬂ(ﬁﬂl{eﬁﬁfaf%ﬁ%%%}?a H%?&&%lgﬁ%sagsu\{@i Prﬁgﬁlgﬁh@? Efé “mat eri aI
was preci seettlyanobrsbpltobjrleldztobql thinds, butamdthma@edlbl gheerplelagdmyaloohplsecur sor used
for its pre ago?st methox -pro ansl gc%?otnlé eth len% 5%81 38,3 lcrrﬂeI §)¥ enz:hI nfilm
Cl GS materiaf s usi ypma? recurs ﬁy ' RPPERG v% s"Bf et hods

for control gl'ymlamm smgiendwglwmbtﬂayrs,aﬁethﬁme@ycat mhybéne@l}mup 13 in CAGS thin

L Loy T 2P LR LSRR SR DSETAR RS LYTe"

convertimg dihe, ar@aﬁtedlymbaﬂa@rsr GoREECHIIERAbHIG, AentnGheROITPRPiant,0oN. The VPP
pol yneric precursor %arae% 1g’ﬂeterm ned stoichionetry of G oup 13 atons,
and was usefi6 FRKENG PREXPRY, R lg0s My X YIRS SHENH PERRSERr i ned

st oi chi onet {Mencl Rleic, te%@@ﬂoﬁnﬁf 2fth@hylib@ally@b@ra5, {iRx4Me chEdGlokads of the G oup
13 atoms in the BOl yneric precursor that were indiumatons, which

represents YHOpredesloaitd hydropsbenet Eeromearhne dichlgrqmetfi#nst oi chi onet ry.

The y-axi s @énibiobthank2uicRbRthatchidifofth afdthAfhehiokbE JXiaHRiId 3ste@t OMB i n the
CIGS thin filmthat were indium atons, which represents the neasured indium

to gal | Fum aseigicetthyiagctaje. hutyreeeientondatchysoberayk pseylase. Ighexamddl | i ne of uni t
sl ope reprecﬁga?meapor%rmnggrywmcmﬁe ReRAe géemn@qﬂetgﬁ HR p&LRd Tndiumto

gal lium stoichionetry and the actual stoichionetry found in the CIGS thin
film 5The @Ictgse)tam)rm butylrpgrbftald cclerientekonesiactarhs, ébmthyla@mmh@@lenlrh(éﬂd wer e
made by spi i 0 coated gl ass
substrate. }E’dgo%gth%?pgﬁ %dg?él%%&mg P&EC \/vaazS ?1% ?Sﬁglglr\]@? nert atnosphere
gl ove box byimgihgEainaimdy, methgl lyﬂetm culsmamlrosl&rterpenex,whénextsm therebf.t 0 about

20% pregyr sor coft- f the i through a
syringe tilter (‘%'ﬁ%EOf%lsszfh)sucro fuﬂhe lnCIua%on&ponfnsSmﬁéggg%uagg{lrat e, which
was suf fi cieditpersantcavanultifier, ernantlrﬁammgagerm,taeirymraf B, afEsh&bBldélsil rate was

h f d
oo e ot ur kRPN R ot Sigah Sl et Gv e o oot ed i oo

furnace fOI‘co(ﬁdnliWi@ﬁﬁh@ﬂt @fcrytsfaﬂlzﬁ(ﬂnmﬁﬁd)tér séeaideat fiph eciditsder, bh I mto a
sem conductor thin film ornt for .the. h|n CGS filns

15The dat a
in Fig. 12 FQfyordirgygtet gn ?1 ‘? ?@&111 Of theys CORARRST tsaﬂ"‘gtstélFe&H’B k&t correl ation

was obsey vediskceas at Neve beir6hiaBaR D00 tabkbdat 06 bhslbtedfiiR igial | iumin a
nunber of different polyneric precursor conpounds and the stoichionmetric
rati o of i ntMSFHieN-galliumin the corresponding thin CIGS film These

results show thagxaﬁlpr%s Bf%tuﬁ@ct&{ts inBRli&MokehefHolyatkPchBox@etshbhnéd, GS fil m can be
preci sely 20control he predeterm ned stoichionetric ratio of indium
%ﬁ?ﬁy

to gal | i um Rotyalliydengesti dmgthelsilpxaens. Rpdester pplydirethy doxaness mat erial . The
correl ati Onetﬁ@cg%'ie\d% dgrl?%éﬁb@ n %pﬁén%Q 359 1&&%&&1{&%01”?&488&%09“ this

invention can be used to make hin T any arbitrary desired
st oi chi Hhet gsiersilpdroplinbprecpolraericesterst Bursinated Gters plkyBhenoxy

alkyleneoxides, cetyl trimethyl ammonium chloride, carboxymethylamylose,
cthoxylated acetylene glycols, betaines, N-n-dodecyl-N,N-dimethylbetaine, dialkyl
sulfosuccinate salts, alkylnaphthalenesulfonate salts, fatty acid salts, polyoxyethylene

alkylethers, polyoxyethylene alkylallylethers, polyoxyethylene-polyoxypropylene
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EXAMPLE 6 25Fig. 13 shows results of nethods for controlling the
stoichionetry of Goup 13 atons in thin filmC GS materials. In these
results, wbeoriztirzssof i ndiumto galliumwas controll ed. PErgiS2ai8/084060Ws an
analysis by X-ray diffraction of the structure of the crystalline phase of
CIGS thin filmmaterials made with various polyneric precursors. The C GS
thin filns were made by spin coating and rod coating. The 30 thickness of

the thin fijpx ee»@elyﬁ@@%kﬁ%n@mnfs ua{eagr}ﬁmbrﬁ&n@m iy thiRRirdsange of about
500- 700 nm for spih coating. The t | ms were made by coating an ink of

a pol ymerit®egefecur sor onto a sputter ed nol ybdenum | ayer on a gl ass
substrate, and %;Q%ﬁ?fe& bf@rftaam:ﬁeﬁla@gnmc %atﬁd;ﬁcna&hﬁd@rf&a&ﬁrﬂoﬂionkn a furnace.

The x-axis of Fi 3 refers to the fraction of Goup 13 atons in the
thin film tﬂma’[hct@E$ eExaﬁmﬂQa@fstr@ﬁfentSmi%ih SHEHYEHAD NPle 40MYum t 0 gal | i um

st oi chi t éﬂgs e y-axis of Fig. 13 refers to the
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coated glass spheres, graphite powder, carbon black, conductive metal oxides,
25  ethylene vinyl acetate polymers, and mixtures thereof.

Examples of a resin binder include acrylic resins, alkyd resins, vinyl resins,
polyvinyl pyrrolidone, phenolic resins, ketone resins, aldehyde resins, polyvinyl
butyral resin, amide resins, amino resins, acrylonitrile resins, cellulose resins,
nitrocellulose resins, rubbers, fatty acids, epoxy resins, ethylene acrylic copolymers,

30  fluoropolymers, gels, glycols, hydrocarbons, maleic resins, urea resins, natural
rubbers, natural gums, phenolic resins, cresols, polyamides, polybutadienes,
polyesters, polyolefins, polyurethanes, isocynates, polyols, thermoplastics, silicates,

silicones, polystyrenes, and mixtures thereof.
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[ Cuo. 8l no. 7Ga0. 3(SesBt)3.8], 15 1 650 C 1 h p-xylene

Examples of thickeners and viscosity modifiers include conducting polymers,
celluloses, urethanes, polyurethanes, styrene maleic anhydride copolymers,
polyacrylates, polycarboxylic acids, carboxymethylcelluoses, hydroxyethylcelluloses,
methylcelluloses, methyl hydroxyethyl celluloses, methyl hydroxypropyl celluloses,

5  silicas, gellants, aluminates, titanates, gums, clays, waxes, polysaccharides, starches,
and mixtures thereof.

Examples of anti-oxidants include phenolics, phosphites, phosphonites,
thioesters, stearic acids, ascorbic acids, catechins, cholines, and mixtures thereof.

Examples of flow agents include waxes, celluloses, butyrates, surfactants,

10 polyacrylates, and silicones.

Examples of a plasticizer include alkyl benzyl phthalates, butyl benzyl
phthalates, dioctyl phthalates, diethyl phthalates, dimethyl phthalates, di-2-ethylhexy-
adipates, diisobutyl phthalates, diisobutyl adipates, dicyclohexyl phthalates, glycerol
tribenzoates, sucrose benzoates, polypropylene glycol dibenzoates, neopentyl glycol

15  dibenzoates, dimethyl isophthalates, dibutyl phthalates, dibutyl sebacates, tri-n-
hexyltrimellitates, and mixtures thereof.

Examples of a conductivity agent include lithium salts, lithium
trifluoromethanesulfonates, lithium nitrates, dimethylamine hydrochlorides,
diethylamine hydrochlorides, hydroxylamine hydrochlorides, and mixtures thereof.

20 Examples of a crystallization promoter include copper chalcogenides, alkali
metal chalcogenides, alkali metal salts, alkaline earth metal salts, sodium
chalcogenates, cadmium salts, cadmium sulfates, cadmium sulfides, cadmium
selenides, cadmium tellurides, indium sulfides, indium selenides, indium tellurides,
gallium sulfides, gallium selenides, gallium tellurides, molybdenum, molybdenum

25  sulfides, molybdenum selenides, molybdenum tellurides, molybdenum-containing
compounds, and mixtures thereof.

An ink may contain one or more components selected from the group of a
conducting polymer, silver metal, silver selenide, silver sulfide, copper metal, indium
metal, gallium metal, zinc metal, alkali metals, alkali metal salts, alkaline earth metal

30  salts, sodium chalcogenates, calcium chalcogenates, cadmium sulfide, cadmium
selenide, cadmium telluride, indium sulfide, indium selenide, indium telluride,
gallium sulfide, gallium selenide, gallium telluride, zinc sulfide, zinc selenide, zinc
telluride, copper sulfide, copper selenide, copper telluride, molybdenum sulfide,

molybdenum selenide, molybdenum telluride, and mixtures of any of the foregoing.
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An ink of this disclosure may contain particles of a metal, a conductive metal,
or an oxide. Examples of metal and oxide particles include silica, alumina, titania,
copper, iron, steel, aluminum and mixtures thereof.

In certain variations, an ink may contain a biocide, a sequestering agent, a

5  chelator, a humectant, a coalescent, or a viscosity modifier.

In certain aspects, an ink of this disclosure may be formed as a solution, a
suspension, a slurry, or a semisolid gel or paste. An ink may include one or more
polymeric precursors solubilized in a carrier, or may be a solution of the polymeric
precursors. In certain variations, a polymeric precursor may include particles or

10 nanoparticles that can be suspended in a carrier, and may be a suspension or paint of
the polymeric precursors. In certain embodiments, a polymeric precursor can be
mixed with a minimal amount of a carrier, and may be a slurry or semisolid gel or
paste of the polymeric precursor.

The viscosity of an ink of this disclosure can be from about 0.5 centipoises

15  (cP) to about 50 cP, or from about 0.6 to about 30 cP, or from about 1 to about 15 cP,
or from about 2 to about 12 cP.

The viscosity of an ink of this disclosure can be from about 20 cP to about 2 x
10° cP, or greater. The viscosity of an ink of this disclosure can be from about 20 cP
to about 1 x 10° cP, or from about 200 cP to about 200,000 cP, or from about 200 cP

20 to about 100,000 cP, or from about 200 cP to about 40,000 cP, or from about 200 cP
to about 20,000 cP.

The viscosity of an ink of this disclosure can be about 1 cP, or about 2 cP, or
about 5 ¢cP, or about 20 cP, or about 100 cP, or about 500 ¢P, or about 1,000 cP, or
about 5,000 ¢P, or about 10,000 cP, or about 20,000 cP, or about 30,000 cP, or about

25 40,000 cP.

In some embodiments, an ink may contain one or more components from the
group of a surfactant, a dispersant, an emulsifier, an anti-foaming agent, a dryer, a
filler, a resin binder, a thickener, a viscosity modifier, an anti-oxidant, a flow agent, a
plasticizer, a conductivity agent, a crystallization promoter, an extender, a film

30  conditioner, an adhesion promoter, and a dye. In certain variations, an ink may
contain one or more compounds from the group of cadmium sulfide, cadmium
selenide, cadmium telluride, zinc sulfide, zinc selenide, zinc telluride, copper sulfide,
copper selenide, and copper telluride. In some aspects, an ink may contain particles

of a metal, a conductive metal, or an oxide.
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An ink may be made by dispersing one or more polymeric precursor
compounds of this disclosure in one or more carriers to form a dispersion or solution.

A polymeric precursor ink composition can be prepared by dispersing one or
more polymeric precursors in a solvent, and heating the solvent to dissolve or disperse

5 the polymeric precursors. The polymeric precursors may have a concentration of

from about 0.001% to about 99% (w/w), or from about 0.001% to about 90%, or from
about 0.1% to about 90%, or from about 0.1% to about 50%, or from about 0.1% to
about 40%, or from about 0.1% to about 30%, or from about 0.1% to about 20%, or
from about 0.1% to about 10% in the solution or dispersion.

10 An ink composition may further contain an additional indium-containing
compound, or an additional gallium-containing compound. Examples of additional
indium-containing compounds include In(SeR )3, wherein R is alkyl or aryl. Examples
of additional gallium-containing compounds include Ga(SeR)s;, wherein R is alkyl or
aryl. For example, an ink may further contain In(Se"Bu); or Ga(Se"Bu)s, or mixtures

15  thereof. In some embodiments, an ink may contain Na(ER), where E is S or Se and R
is alkyl or aryl. In certain embodiments, an ink may contain Naln(ER),, NaGa(ER),,
Liln(ER)4, LiGa(ER)4, KIn(ER)4, or KGa(ER )4, where E is S or Se and R is alkyl or

aryl.

20  Processes for films of polymeric precursors on substrates

The polymeric precursors of this invention can be used to make photovoltaic
materials by depositing a layer onto a substrate, where the layer contains one or more
polymeric precursors. The deposited layer may be a film or a thin film. Substrates
are described above.

25 As used herein, the terms “deposit,” “depositing,” and “deposition” refer to
any method for placing a compound or composition onto a surface or substrate,
including spraying, coating, and printing.

As used herein, the term “thin film” refers to a layer of atoms or molecules, or
a composition layer on a substrate having a thickness of less than about 300

30  micrometers.

A deposited layer of this disclosure advantageously allows precise control of
the stoichiometric ratios of certain atoms in the layer because the layer can be

composed of a mixture of polymeric precursors.
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The polymeric precursors of this invention, and compositions containing
polymeric precursors, can be deposited onto a substrate using methods known in the
art, as well as methods disclosed herein.

Examples of methods for depositing a polymeric precursor onto a surface or

5 substrate include all forms of spraying, coating, and printing.

Solar cell layers can be made by depositing one or more polymeric precursors
of this disclosure on a flexible substrate in a high throughput roll process. The
depositing of polymeric precursors in a high throughput roll process can be done by
spraying or coating a composition containing one or more polymeric precursors, or by

10 printing an ink containing one or more polymeric precursors of this disclosure.

Examples of methods for depositing a polymeric precursor onto a surface or
substrate include spraying, spray coating, spray deposition, spray pyrolysis, and
combinations thereof.

Examples of methods for printing using an ink of this disclosure include

15  printing, screen printing, inkjet printing, aerosol jet printing, ink printing, jet printing,
stamp/pad printing, transfer printing, pad printing, flexographic printing, gravure
printing, contact printing, reverse printing, thermal printing, lithography,
electrophotographic printing, and combinations thereof.

Examples of methods for depositing a polymeric precursor onto a surface or

20  substrate include electrodepositing, electroplating, electroless plating, bath deposition,
coating, dip coating, wet coating, spin coating, knife coating, roller coating, rod
coating, slot die coating, meyerbar coating, lip direct coating, capillary coating, liquid
deposition, solution deposition, layer-by-layer deposition, spin casting, and solution
casting.

25 Examples of methods for depositing a polymeric precursor onto a surface or
substrate include chemical vapor deposition, aerosol chemical vapor deposition,
metal-organic chemical vapor deposition, organometallic chemical vapor deposition,
plasma enhanced chemical vapor deposition, and combinations thereof.

Examples of methods for depositing a polymeric precursor onto a surface or

30  substrate include atomic layer deposition, plasma-enhanced atomic layer deposition,
vacuum chamber deposition, sputtering, RF sputtering, DC sputtering, magnetron
sputtering, evaporation, electron beam evaporation, laser ablation, gas-source
polymeric beam epitaxy, vapor phase epitaxy, liquid phase epitaxy, and combinations

thereof.
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In certain embodiments, a first polymeric precursor may be deposited onto a
substrate, and subsequently a second polymeric precursor may be deposited onto the
substrate. In certain embodiments, several different polymeric precursors may be
deposited onto the substrate to create a layer.

5 In certain variations, different polymeric precursors may be deposited onto a
substrate simultaneously, or sequentially, whether by spraying, coating, printing, or
by other methods. The different polymeric precursors may be contacted or mixed
before the depositing step, during the depositing step, or after the depositing step.
The polymeric precursors can be contacted before, during, or after the step of

10  transporting the polymeric precursors to the substrate surface.

The depositing of polymeric precursors, including by spraying, coating, and
printing, can be done in a controlled or inert atmosphere, such as in dry nitrogen and
other inert gas atmospheres, as well as in a partial vacuum atmosphere.

Processes for depositing, spraying, coating, or printing polymeric precursors

15  can be done at various temperatures including from about -20 °C to about 650 °C, or
from about -20 °C to about 600 °C, or from about -20 °C to about 400 °C, or from
about 20 °C to about 360 °C, or from about 20 °C to about 300 °C, or from about
20 °C to about 250 °C.

Processes for making a solar cell involving a step of transforming a polymeric

20 precursor compound into a material or semiconductor can be performed at various
temperatures including from about 100 °C to about 650 °C, or from about 150 °C to
about 650 °C, or from about 250 °C to about 650 °C, or from about 300 °C to about
650 °C, or from about 400 °C to about 650 °C, or from about 300 °C to about 600 °C,
or from about 300 °C to about 550 °C, or from about 300 °C to about 500 °C, or from

25  about 300 °C to about 450 °C.

In certain aspects, depositing of polymeric precursors on a substrate can be
done while the substrate is heated. In these variations, a thin-film material may be
deposited or formed on the substrate.

In some embodiments, a step of converting a precursor to a material and a step

30  ofannealing can be done simultaneously. In general, a step of heating a precursor can
be done before, during or after any step of depositing the precursor.

In some variations, a substrate can be cooled after a step of heating. In certain
embodiments, a substrate can be cooled before, during, or after a step of depositing a

precursor. A substrate may be cooled to return the substrate to a lower temperature,

70



20% [ Cui . 0l nl. O(SesBu) An 15 1 400 C, 1 h p-xylene spin coat (10) 700nm 110
260 20% [ Cuo. 8l no. 7Ga0. 3(SesBt ) 3.8], 15 1 400 C, 1 h p-xylene spin coat
(10) 700rwoRa0/@6GDB5 20% [ Cu. 0. 91 no. 7Gao. 3(Ses131.) 3. 9] PCTAB2A104005LC, 1 h

p- xyl ene

or to room temperature, or to an operating temperature of a deposition unit. Various
coolants or cooling methods can be applied to cool a substrate.

The depositing of polymeric precursors on a substrate may be done with
various apparatuses and devices known in art, as well as devices described herein.

5 In some variations, the depositing of polymeric precursors can be performed
using a spray nozzle with adjustable nozzle dimensions to provide a uniform spray
composition and distribution.

Embodiments of this disclosure further contemplate articles made by
depositing a layer onto a substrate, where the layer contains one or more polymeric

10 precursors. The article may be a substrate having a layer of a film, or a thin film,
which is deposited, sprayed, coated, or printed onto the substrate. In certain
variations, an article may have a substrate printed with a polymeric precursor ink,
where the ink is printed in a pattern on the substrate.

For spin coating, an ink can be made by dissolving a polymeric precursor in a

15  solvent in an inert atmosphere glove box. The ink can be passed through a syringe
filter and deposited onto a Mo-coated glass substrate in a quantity sufficient to cover
the entire substrate surface. The substrate can be then spun at 1200 rpm for about 60
s. The coated substrate can be allowed to dry at room temperature, typically for 1-2
minutes. The coated substrate can be heated in a furnace for conversion of the

20  polymeric molecular precursor film to a semiconductor thin film material.

Examples of thermal conversion include heating the coated substrate at 110 °C
for 15 min (10 °C/min ramp) followed by heating at 260 °C for 60 min (20 °C/min
ramp). Thermal conversion of the coated substrate can also be done by placing it in a
pre-heated (300 °C) furnace for 10 min, or 20 min, or 30 min, or longer.

25 After conversion of the coated substrate, another precursor coating may be
applied to the thin film material on the substrate by repeating the procedure above.
This process can be repeated to prepare additional thin film material layers on the
substrate.

After the last thin film material layer is prepared on the substrate, the substrate

30  canbe annealed. The annealing process may include a step of heating the coated
substrate at a temperature sufficient to convert the coating on the substrate to a thin
film photovoltaic material. The annealing process may include a step of heating the

coated substrate at 400 °C for 60 min (30 °C/min ramp), or 500 °C for 30 min
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(30 °C/min ramp), or 550 °C for 60 min (10 °C/min ramp), or 550 °C for 20 min
(30 °C/min ramp). The annealing process may include an additional step of heating
the coated substrate at 550 °C for 10 min (30 °C/min ramp), or 525 °C for 10 min
(20 °C/s ramp), or 400 °C for 5 min (40 °C/s ramp).

Photovoltaic devices

The polymeric precursors of this invention can be used to make photovoltaic
materials and solar cells of high efficiency.

Some standards for testing and performance of photovoltaic (PV) devices are
described by The National Renewable Energy Laboratory of the U.S. Department of
Energy (DOE).

As shown in Fig. 6, embodiments of this invention may further provide
optoelectronic devices and energy conversion systems. Following the synthesis of
polymeric precursor compounds, the compounds can be sprayed, deposited, or printed
onto substrates and formed into absorber materials and semiconductor layers.
Absorber materials can be the basis for optoelectronic devices and energy conversion
systems.

In some embodiments, the solar cell is a thin layer solar cell having a CIS,
CIGS, AIS, AIGS, CAIS, CAIGS, CIGAS, AIGAS or CAIGAS absorber layer
deposited or printed on a substrate.

Embodiments of this invention may provide improved efficiency for solar
cells used for light to electricity conversion.

In some embodiments, a solar cell of this disclosure is a heterojunction device
made with a CIS, CIGS, AIS, AIGS, CAIS, CAIGS, CIGAS, AIGAS or CAIGAS
cell. The CIS, CIGS, AIS, AIGS, CAIS, CAIGS, CIGAS, AIGAS or CAIGAS layer
may be used as a junction partner with a layer of, for example, cadmium sulfide,
cadmium selenide, cadmium telluride, zinc sulfide, zinc selenide, or zinc telluride.
The absorber layer may be adjacent to a layer of MgS, MgSe, MgTe, HgS, HgSe,
HgTe, AIN, AIP, AlAs, AlISb, GaN, GaP, GaAs, GaSb, InN, InP, InAs, InSb, or
combinations thereof.

In certain variations, a solar cell of this disclosure is a multijunction device
made with one or more stacked solar cells.

As shown in Fig. 7, a solar cell device of this disclosure may have a substrate

10, an electrode layer 20, an absorber layer 30, a window layer 40, and a transparent
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conductive layer (TCO) 50. The substrate 10 may be metal, plastic, glass, or ceramic.
The electrode layer 20 can be a molybdenum-containing layer. The absorber layer 30
may be a CIS, CIGS, AIS, AIGS, CAIS, CAIGS, CIGAS, AIGAS or CAIGAS layer.
The window layer 40 may be a cadmium sulfide layer. The transparent conductive

5 layer 50 can be an indium tin oxide layer or a doped zinc oxide layer.

A solar cell device of this disclosure may have a substrate, an electrode layer,
an absorber layer, a window layer, an adhesion promoting layer, a junction partner
layer, a transparent layer, a transparent electrode layer, a transparent conductive oxide
layer, a transparent conductive polymer layer, a doped conductive polymer layer, an

10  encapsulating layer, an anti-reflective layer, a protective layer, or a protective polymer
layer. In certain variations, an absorber layer includes a plurality of absorber layers.

In certain variations, solar cells may be made by processes using polymeric
precursor compounds and compositions of this invention that advantageously avoid
additional sulfurization or selenization steps.

15 In certain variations, a solar cell device may have a molybdenum-containing
layer, or an interfacial molybdenum-containing layer.

Examples of a protective polymer include silicon rubbers, butyryl plastics,
ethylene vinyl acetates, and combinations thereof.

Substrates can be made of a flexible material which can be handled in a roll.

20 The electrode layer may be a thin foil.

Absorber layers of this disclosure can be made by depositing or printing a
composition containing nanoparticles onto a substrate, where the nanoparticles can be
made with polymeric precursor compounds of this invention. In some processes,
nanoparticles can be made with polymeric precursor compounds and deposited on a

25  substrate. Deposited nanoparticles can subsequently be transformed by the
application of heat or energy.

In some embodiments, the absorber layer may be formed from nanoparticles
or semiconductor nanoparticles which have been deposited on a substrate and
subsequently transformed by heat or energy.

30 In some embodiments, a thin film photovoltaic device may have a transparent
conductor layer, a buffer layer, a p-type absorber layer, an electrode layer, and a
substrate. The transparent conductor layer may be a transparent conductive oxide
(TCO) layer such as a zinc oxide layer, or zinc oxide layer doped with aluminum, or a

carbon nanotube layer, or a tin oxide layer, or a tin oxide layer doped with fluorine, or
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an indium tin oxide layer, or an indium tin oxide layer doped with fluorine, while the
buffer layer can be cadmium sulfide, or cadmium sulfide and high resistivity zinc
oxide. The p-type absorber layer can be a CIGS layer, and the electrode layer can be
molybdenum. The transparent conductor layer can be up to about 0.5 micrometers in

5 thickness. The buffer layer can also be a cadmium sulfide n-type junction partner
layer. In some embodiments, the buffer layer may be a silicon dioxide, an aluminum
oxide, a titanium dioxide, or a boron oxide.

Some examples of transparent conductive oxides are given in K. Ellmer ct al.,
Transparent Conductive Zinc Oxide, Vol. 104, Springer Series in Materials Science

10 (2008).

In some aspects, a solar cell can include a molybdenum selenide interface
layer, which may be formed using various molybdenum-containing and selenium-
containing compounds that can be added to an ink for printing, or deposited onto a
substrate.

15 A thin film material photovoltaic absorber layer can be made with one or more
polymeric precursors of this invention. For example, a polymeric precursor ink can
be sprayed onto a stainless steel substrate using a spray pyrolysis unit in a glovebox in
an inert atmosphere. The spray pyrolysis unit may have an ultrasonic nebulizer,
precision flow meters for inert gas carrier, and a tubular quartz reactor in a furnace.

20  The spray-coated substrate can be heated at a temperature of from about 25 °C to
about 650 °C in an inert atmosphere, thereby producing a thin film material
photovoltaic absorber layer.

In some examples, a thin film material photovoltaic absorber layer can be
made by providing a polymeric precursor ink which is filtered with a 0.45 micron

25  filter, or a 0.3 micron filter. The ink can be deposited onto an aluminum substrate
using a spin casting unit in a glovebox in inert argon atmosphere. The substrate can
be spin coated with the polymeric precursor ink to a film thickness of about 0.1 to 5
microns. The substrate can be removed and heated at a temperature of from about
100 °C to about 600 °C, or from about 100 °C to about 650 °C in an inert atmosphere,

30  thereby producing a thin film material photovoltaic absorber layer.

In further examples, a thin film material photovoltaic absorber layer can be
made by providing a polymeric precursor ink which is filtered with a 0.45 micron
filter, or a 0.3 micron filter. The ink may be printed onto a polyethylene terephthalate

substrate using a inkjet printer in a glovebox in an inert atmosphere. A film of about
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110 260 20% [ Cul. ol no. 1Ga0. 9(SesBt)4]11 15 1 400 C, 1 h p-xylene spin
coat (10) 700nm 110 260 20% [ Cui .ol no.3Ga0.7(SesBt)4]i 15 1 400 C, 1 h
p- Xyl ene wpi2nt1igmat3s( 15) 1200nmr.t. 300 C, 20% PCT/US2010/044054

[ Cuo. 91 no. 7Gao. 3(SellHex)3.9] 11 1-2 flash 30 nmin

0.1 to 5 microns thickness can be deposited on the substrate. The substrate can be
removed and heated at a temperature of from about 100 °C to about 600 °C, or from
about 100 °C to about 650 °C in an inert atmosphere, thereby producing a thin film
material photovoltaic absorber layer.

5 In some examples, a solar cell can be made by providing an electrode layer on
a polyethylene terephthalate substrate. A thin film material photovoltaic absorber
layer can be coated onto the electrode layer as described above. A window layer can
be deposited onto the absorber layer. A transparent conductive oxide layer can be
deposited onto the window layer, thereby forming an embodiment of a solar cell.

10 Methods for making a photovoltaic absorber layer on a substrate include
providing one or more polymeric precursor compounds, providing a substrate,
spraying the compounds onto the substrate, and heating the substrate at a temperature
of from about 100 °C to about 600 °C, or of from about 100 °C to about 650 °C in an
inert atmosphere, thereby producing a photovoltaic absorber layer having a thickness

15  offrom 0.01 to 100 micrometers. The spraying can be done in spray coating, spray
deposition, jet deposition, or spray pyrolysis. The substrate may be glass, metal,
polymer, plastic, or silicon.

The photovoltaic absorber layer made by the methods of this disclosure may
have an empirical formula Cux(In;.yGay).(S1.Se,)w, where x is from 0.8 to 0.95, y is

20 from0t00.5 and zis from 0 to 1, v is from 0.95 to 1.05, and w is from 1.8 t0 2.2. In
some embodiments, w is from 2.0 to 2.2. The photovoltaic absorber layer made by
the methods of this disclosure may have an empirical formula empirical formula
CuxIny(Si-.Se,)w, where x is from 0.8 t0 0.95, y is from 0.95 to 1.05, zis from O to 1,
and w is from 1.8 to 2.2. Methods for making a photovoltaic absorber layer can

25  include a step of sulfurization or selenization.

In certain variations, methods for making a photovoltaic absorber layer may
include heating the compounds to a temperature of from about 20 °C to about 400 °C
while depositing, spraying, coating, or printing the compounds onto the substrate.

Methods for making a photovoltaic absorber layer on a substrate include

30  providing one or more polymeric precursor compounds, providing a substrate,
depositing the compounds onto the substrate, and heating the substrate at a
temperature of from about 100 °C to about 650 °C, or from about 100 °C to about
600 °C, or from about 100 °C to about 400 °C, or from about 100 °C to about 300 °C

in an inert atmosphere, thereby producing a photovoltaic absorber layer having a
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550 C, 1 hr p-xylene spin coat (10) 800nmr.t. 300 C 20%

[ Cuo. 9l no. 7Gao. 3(SellHex)3.9]11 1-2 flash 30 mn 550 C, 1 hr p-xylene rod
coat (10)woomwir23s. 300 C, 20% [ Cul. Ol n1. O( SellHex) 4pCI/uB2@ofokash 550 C,
1 h THF rod coat (10) 700nmr.t.

thickness of from 0.01 to 100 micrometers. The depositing can be done in
electrodepositing, electroplating, electroless plating, bath deposition, liquid
deposition, solution deposition, layer-by-layer deposition, spin casting, or solution
casting. The substrate may be glass, metal, polymer, plastic, or silicon.

5 Methods for making a photovoltaic absorber layer on a substrate include
providing one or more polymeric precursor inks, providing a substrate, printing the
inks onto the substrate, and heating the substrate at a temperature of from about
100 °C to about 600 °C, or from about 100 °C to about 650 °C in an inert atmosphere,
thereby producing a photovoltaic absorber layer having a thickness of from 0.01 to

10 100 micrometers. The printing can be done in screen printing, inkjet printing, transfer
printing, flexographic printing, or gravure printing. The substrate may be glass,
metal, polymer, plastic, or silicon. The method may further include adding to the ink
an additional indium-containing compound, such as In(SeR);, wherein R is alkyl or
aryl.

15 In general, an ink composition for depositing, spraying, or printing may
contain an additional indium-containing compound, or an additional gallium-
containing compound. Examples of additional indium-containing compounds include
In(SeR)s, wherein R is alkyl or aryl. Examples of additional gallium-containing
compounds include Ga(SeR);, wherein R is alkyl or aryl. For example, an ink may

20  further contain In(Se"Bu); or Ga(Se"Bu)s, or mixtures thereof. In some embodiments,
an ink may contain Na(ER), where E is S or Se and R is alkyl or aryl. In certain
embodiments, an ink may contain Naln(ER)4, NaGa(ER )4, Liln(ER )4, LiGa(ER )4,
KIn(ER)4, or KGa(ER)4, where E is S or Se and R is alkyl or aryl.

25  Electrical power generation and transmission

This disclosure contemplates methods for producing and delivering electrical
power. A photovoltaic device of this invention can be used, for example, to convert
solar light to electricity which can be provided to a commercial power grid.

As used herein, the term “solar cell” refers to individual solar cell as well as a

30  solar cell array, which can combine a number of solar cells.

The solar cell devices of this disclosure can be manufactured in modular
panels.

The power systems of this disclosure can be made in large or small scale,

including power for a personal use, as well as on a megawatt scale for a public use.
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300 C, 20% [ Cui . ol no. 9Gao. i (SellHex)4] 11 1-2 flash 550 C, 1 h THF rod
coat (10) 700nmr.t. 300 C, 20% [ Cul. ol no. 7Ga0. 3(SellHex) 4] 11 1-2 fl ash
550 C, 1 WOPhH/mos5coat (10) 700nmr.t. 300 C, 20%  PCT/US2010/044054

[ Cul. ol no. 5Ga0. 5(SellHex)4]11 1-2 flash 550 C, 1 h

An important feature of the solar cell devices and power systems of this
disclosure is that they can be manufactured and used with low environmental impact.

A power system of this disclosure may utilize a solar cell on a movable
mounting, which may be motorized to face the solar cell toward the light.

5 Alternatively, a solar cell may be mounted on a fixed object in an optimal orientation.

Solar cells can be attached in panels in which various groups of cells are
electrically connected in series and in parallel to provide suitable voltage and current
characteristics.

Solar cells can be installed on rooftops, as well as outdoor, sunlighted surfaces

10  ofall kinds. Solar cells can be combined with various kinds of roofing materials such
as roofing tiles or shingles.

A power system can include a solar cell array and a battery storage system. A
power system may have a diode-containing circuit and a voltage-regulating circuit to
prevent the battery storage system from draining through the solar cells or from being

15  overcharged.

A power system can be used to provide power for lighting, electric vehicles,

electric buses, electric airplanes, pumping water, desalinization of water, refrigeration,

milling, manufacturing, and other uses.

20  Sources of elements

Sources of silver include silver metal, Ag(I), silver nitrates, silver halides,
silver chlorides, silver acetates, silver alkoxides, and mixtures thereof.

Sources of alkali metal ions include alkali metals, alkali metal salts, alkali
metal halides, alkali metal nitrates, selenides including Na,Se, Li,Se, and K, Se, as

25  well as organometallic compounds such as alkyllithium compounds.

Sources of copper include copper metal, Cu(I), Cu(Il), copper halides, copper
chlorides, copper acetates, copper alkoxides, copper alkyls, copper diketonates,
copper 2,2,6,6,-tetramethyl-3,5,-heptanedionate, copper 2,4-pentancdionate, copper
hexafluoroacetylacetonate, copper acetylacetonate, copper dimethylaminoethoxide,

30  copper ketoesters, and mixtures thereof.

Sources of indium include indium metal, trialkylindium,

trisdialkylamineindium, indium halides, indium chlorides, dimethylindium chlorides,

trimethylindium, indium acetylacetonates, indium hexafluoropentanedionates, indium
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THF spin coat (9) 500nm 20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300 C
flash 30 mn 500 C 2 h every 3rd coat p-xylene spin coat (11) 700nm 20%

[ Cuo. 91 nowdGan/B(BellHex)3.9]11 r.t. 1-2 300C, flash 30Pairusa@0/0@024 h every
3rd coat p-xylene spin coat (12) 700nmr.t. 300 C flash 30 500 C 2 h 3/6/9

20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 1-2

methoxyethoxides, indium methyltrimethylacetylacetates, indium
trifluoropentanedionates, and mixtures thereof.

Sources of gallium include gallium metal, trialkylgallium, trisdialkylamine
gallium, gallium halides, gallium fluorides, gallium chlorides, gallium iodides,

5 diethylgallium chlorides, gallium acetate, gallium 2,4-pentanedionate, gallium
cthoxide, gallium 2,2,6,6,-tetramethylheptanedionate, trisdimethylaminogallium, and
mixtures thereof.

Sources of aluminum include aluminum metal, trialkylaluminum,
trisdialkylamine aluminum, aluminum halides, aluminum fluorides, aluminum
10 chlorides, aluminum iodides, diethylaluminum chlorides, aluminum acetate,
aluminum 2,4-pentanedionate, aluminum ethoxide, aluminum 2,2,6,6,-
tetramethylheptanedionate, trisdimethylaminoaluminum, and mixtures thereof.
Some sources of gallium and indium are described in International Patent
Publication No. W0O2008057119.
15

Additional sulfurization or selenization

In various processes of this disclosure, a composition or material may
optionally be subjected to a step of sulfurization or selenization.

Selenization may be carried out with elemental selenium or Se vapor.

20  Sulfurization may be carried out with elemental sulfur. Sulfurization with H,S or
selenization with H,Se may be carried out by using pure H,S or H,Se, respectively, or
may be done by dilution in hydrogen or in nitrogen.

A sulfurization or selenization step can be done at any temperature from about
200 °C to about 600 °C, or from about 200 °C to about 650 °C, or at temperatures

25  below 200 °C. One or more steps of sulfurization and selenization may be performed
concurrently, or sequentially.

Examples of sulfurizing agents include hydrogen sulfide, hydrogen sulfide
diluted with hydrogen, elemental sulfur, sulfur powder, carbon disulfide, alkyl
polysulfides, dimethyl sulfide, dimethyl disulfide, and mixtures thereof.

30 Examples of selenizing agents include hydrogen selenide, hydrogen selenide
diluted with hydrogen, elemental selenium, selenium powder, carbon diselenide, alkyl
polyselenides, dimethyl selenide, dimethyl diselenide, and mixtures thereof.

A sulfurization or selenization step can also be done with co-deposition of

another metal such as copper, indium, or gallium.
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mn 5503 h 12th coat p-xylene spin coat (12) 700nmr.t.

300 C, 500 C 2 h

3/6/9, 20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 1-2 flash 30 mn 550 3 h 12th

coat, 600W8 2h1pHx3ssene

(layers) thickness | nk%PCPalSgome/ou4ms4

Precursor i Method Drying (TC) (mn) Conversion (TC) (h) Annealing (TC) (h)

Sol vent
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15
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Chemical definitions

As used herein, the term (X,Y) when referring to compounds or atoms
indicates that either X or Y, or a combination thereof may be found in the formula.
For example, (S,Se) indicates that atoms of either sulfur or selenium, or any
combination thereof may be found. Further, using this notation the amount of each
atom can be specified. For example, when appearing in the chemical formula of a
molecule, the notation (0.75 In,0.25 Ga) indicates that the atom specified by the
symbols in the parentheses is indium in 75% of the compounds and gallium in the
remaining 25% of the compounds, regardless of the identity any other atoms in the
compound. In the absence of a specified amount, the term (X,Y) refers to
approximately equal amounts of X and Y.

The atoms S, Se, and Te of Group 16 are referred to as chalcogens.

As used herein, the letter “S” in CIGS, AIGS, CAIGS, CIGAS, AIGAS and
CAIGAS refers to sulfur or selenium or both. The letter “C” in CIGS, CAIGS,
CIGAS, and CAIGAS refers to copper. The letter “A” in AIGS, CAIGS, AIGAS and
CAIGAS which appears before the letters [ and G refers to silver. The letter “I” in
CIGS, AIGS, CAIGS, CIGAS, AIGAS and CAIGAS refers to indium. The letter “G”
in CIGS, AIGS, CAIGS, CIGAS, AIGAS and CAIGAS refers to gallium. The letter
“A” in CIGAS, AIGAS and CAIGAS which appears after the letters I and G refers to
aluminum.

CAIGAS therefore could also be represented as Cu/Ag/In/Ga/Al/S/Se.

As used herein, the terms CIGS, AIGS, and CAIGS include the variations
C(L,G)S, A(I1,G)S, and CA(L,G)S, respectively, and CIS, AIS, and CAIS, respectively,
as well as CGS, AGS, and CAGS, respectively, unless described otherwise.

The terms CIGAS, AIGAS and CAIGAS include the variations C(I,G,A)S,
A(1,G,A)S, and CA(I,G,A)S, respectively, and CIGS, AIGS, and CAIGS,
respectively, as well as CGAS, AGAS, and CAGAS, respectively, unless described
otherwise.

The term CAIGAS refers to variations in which either C or Silver is zero, for
example, AIGAS and CIGAS, respectively, as well as variations in which Aluminum
is zero, for example, CAIGS, AIGS, and CIGS.

As used herein, the term CIGS includes the terms CIGSSe and CIGSe, and

these terms refer to compounds or materials containing
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spin coat (5) 300nm 20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t. 1-2 300 C

flash 30 mn 550 C, 1 h p-xylene spin coat (10) 600nm 20%

[ Cuo. 91 nowdCGan/@(BellHex) 3. 9] 11 r.t. 1-2 300 C, flash 30CwUs2&5044054 1 h
p- xyl ene spin coat (15) 1000nm 20% [ Cuo. 91 no. 7Gao. 3(SellHex)3.9]11 r.t.
1-2 300 C flash 30 min 550 C, 1 h 10th,

copper/indium/gallium/sulfur/selenium, which may contain sulfur or selenium or
both. The term AIGS includes the terms AIGSSe and AIGSe, and these terms refer to
compounds or materials containing silver/indium/gallium/sulfur/selenium, which may
contain sulfur or selenium or both. The term CAIGS includes the terms CAIGSSe

5 and CAIGSe, and these terms refer to compounds or materials containing
copper/silver/indium/gallium/sulfur/selenium, which may contain sulfur or selenium
or both.

As used herein, the term "chalcogenide" refers to a compound containing one
or more chalcogen atoms bonded to one or more metal atoms.

10 The term "alkyl" as used herein refers to a hydrocarbyl radical of a saturated
aliphatic group, which can be a branched or unbranched, substituted or unsubstituted
aliphatic group containing from 1 to 22 carbon atoms. This definition applies to the
alkyl portion of other groups such as, for example, cycloalkyl, alkoxy, alkanoyl,
aralkyl, and other groups defined below. The term "cycloalkyl" as used herein refers

15  to asaturated, substituted or unsubstituted cyclic alkyl ring containing from 3 to 12
carbon atoms. As used herein, the term “C(1-5)alkyl” includes C(1)alkyl, C(2)alkyl,
C(3)alkyl, C(4)alkyl, and C(5)alkyl. Likewise, the term “C(3-22)alkyl” includes
C(1alkyl, C(2)alkyl, C(3)alkyl, C(4)alkyl, C(5)alkyl, C(6)alkyl, C(7)alkyl, C(8)alkyl,
C(9)alkyl, C(10)alkyl, C(11)alkyl, C(12)alkyl, C(13)alkyl, C(14)alkyl, C(15)alkyl,

20  C(16)alkyl, C(17)alkyl, C(18)alkyl, C(19)alkyl, C(20)alkyl, C(21)alkyl, and
C(22)alkyl.

The term "alkenyl" as used herein refers to an unsaturated, branched or
unbranched, substituted or unsubstituted alkyl or cycloalkyl having 2 to 22 carbon
atoms and at least one carbon-carbon double bond. The term "alkynyl" as used herein

25  refers to an unsaturated, branched or unbranched, substituted or unsubstituted alkyl or
cycloalkyl having 2 to 22 carbon atoms and at least one carbon-carbon triple bond.

The term "alkoxy" as used herein refers to an alkyl, cycloalkyl, alkenyl, or
alkynyl group covalently bonded to an oxygen atom. The term "alkanoyl" as used
herein refers to -C(=0)-alkyl, which may alternatively be referred to as "acyl." The

30  term "alkanoyloxy" as used herein refers to —O-C(=0O)-alkyl groups. The term
"alkylamino" as used herein refers to the group -NRR', where R and R’ are each either
hydrogen or alkyl, and at least one of R and R' is alkyl. Alkylamino includes groups
such as piperidino wherein R and R' form a ring. The term "alkylaminoalkyl" refers
to —alkyl-NRR'.
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550 C 1 h 15th p-xylene spin coat (15) 1100nm 20%

[ Cu0. 91 no. 7Ga0. 3(SehBu) 3(SetBu)] 11 r.t. 1-2 300 C, flash 30 m n none

p- Xyl ene wpi2n11gat3s( 15) 1100nm 20% [ Cu0. 91 no. 7Ga0. 3( SehBar3sSaBudopd1l r. t .
1-2 300 C, flash 30 mn 400 C, 1 h p-xylene spin coat (15) 1000nm 20%

[ Cu0. 91 no. 7Ga0. 3(SehBu) 3(SetBu)] 11 r.t. 1-2 300 C, flash 30 mn 550 C, |h

The term "aryl" as used herein refers to any stable monocyclic, bicyclic, or
polycyclic carbon ring system of from 4 to 12 atoms in each ring, wherein at least one
ring is aromatic. Some examples of an aryl include phenyl, naphthyl, tetrahydro-
naphthyl, indanyl, and biphenyl. Where an aryl substituent is bicyclic and one ring is

5 non-aromatic, it is understood that attachment is to the aromatic ring. An aryl may be
substituted or unsubstituted.

The term "heteroaryl” as used herein refers to any stable monocyclic, bicyclic,
or polycyclic carbon ring system of from 4 to 12 atoms in each ring, wherein at least
one ring is aromatic and contains from 1 to 4 heteroatoms selected from oxygen,

10 nitrogen and sulfur. Phosphorous and selenium may be a heteroatom. Some
examples of a heteroaryl include acridinyl, quinoxalinyl, pyrazolyl, indolyl,
benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl,
oxazolyl, isoxazolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, and
tetrahydroquinolinyl. A heteroaryl includes the N-oxide derivative of a nitrogen-

15  containing heteroaryl.

The term "heterocycle" or "heterocyclyl” as used herein refers to an aromatic
or nonaromatic ring system of from five to twenty-two atoms, wherein from 1 to 4 of
the ring atoms are heteroatoms selected from oxygen, nitrogen, and sulfur.
Phosphorous and selenium may be a heteroatom. Thus, a heterocycle may be a

20  heteroaryl or a dihydro or tetrathydro version thereof.

The term "aroyl" as used herein refers to an aryl radical derived from an
aromatic carboxylic acid, such as a substituted benzoic acid. The term "aralkyl" as
used herein refers to an aryl group bonded to an alkyl group, for example, a benzyl
group.

25 The term "carboxyl" as used herein represents a group of the formula —
C(=0)OH or -C(=0)O". The terms "carbonyl" and “acyl” as used herein refer to a
group in which an oxygen atom is double-bonded to a carbon atom >C=0. The term
"hydroxyl" as used herein refers to -OH or -O”. The term "nitrile" or "cyano" as used
herein refers to —-CN. The term "halogen" or "halo" refers to fluoro (-F), chloro (—Cl),

30  bromo (-Br), and iodo (-1).

The term "substituted" as used herein refers to an atom having one or more
substitutions or substituents which can be the same or different and may include a
hydrogen substituent. Thus, the terms alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy,
alkanoyl, alkanoyloxy, alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle,
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p- xyl ene spin coat (10) 700nm 20% [ Cu0. 91 no. 7Ga0. 3( SehBu) 3(SetBu)]11 r.t.

1-2 300 C,
[ Cuo. 91 nowdGal/@(BehBu) 3(SetBu)] 11 r.t. 1-2 300 C, fl asrC3WSro10/04084 C,
decane spin coat (15) 950nm 20% [ CuO. 91 no. 7Ga0. 3( SehBu) 3(SetBu)] 11 r.t.

300 C,

flash 30 m n none decane spin coat (15) 950nm 20%

flash 30 mn 550 C, 1 h decane

10

15

20

25

30

aroyl, and aralkyl as used herein refer to groups which include substituted variations.
Substituted variations include linear, branched, and cyclic variations, and groups
having a substituent or substituents replacing one or more hydrogens attached to any
carbon atom of the group. Substituents that may be attached to a carbon atom of the
group include alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, alkanoyl, alkanoyloxy,
alkylamino, alkylaminoalkyl, aryl, heteroaryl, heterocycle, aroyl, aralkyl, acyl,
hydroxyl, cyano, halo, haloalkyl, amino, aminoacyl, alkylaminoacyl, acyloxy,
aryloxy, aryloxyalkyl, mercapto, nitro, carbamyl, carbamoyl, and heterocycle. For
example, the term ethyl includes without limitation -CH,CH3, -CHFCH3, -CF,CH3,
-CHFCH,F, -CHFCHF,, -CHFCF3, -CF,CH,F, -CF,CHF,, -CF,CF3, and other
variations as described above. In general, a substituent may itself be further
substituted with any atom or group of atoms.

Some examples of a substituent for a substituted alkyl include halogen,
hydroxyl, carbonyl, carboxyl, ester, aldehyde, carboxylate, formyl, ketone,
thiocarbonyl, thioester, thioacetate, thioformate, selenocarbonyl, selenoester,
selenoacetate, selenoformate, alkoxyl, phosphoryl, phosphonate, phosphinate, amino,
amido, amidine, imino, cyano, nitro, azido, carbamato, sulfhydryl, alkylthio, sulfate,
sulfonate, sulfamoyl, sulfonamido, sulfonyl, silyl, heterocyclyl, aryl, aralkyl,
aromatic, and heteroaryl.

It will be understood that "substitution" or "substituted with" refers to such
substitution that is in accordance with permitted valence of the substituted atom and
the substituent. As used herein, the term "substituted" includes all permissible
substituents.

In general, a compound may contain one or more chiral centers. Compounds
containing one or more chiral centers may include those described as an "isomer," a
"stereoisomer,"” a "diastereomer,” an "enantiomer,” an "optical isomer," or as a
"racemic mixture." Conventions for stereochemical nomenclature, for example the
stereoisomer naming rules of Cahn, Ingold and Prelog, as well as methods for the
determination of stereochemistry and the separation of stereoisomers are known in the
art. See, for example, Michael B. Smith and Jerry March, March’s Advanced Organic
Chemistry, 5th edition, 2001. The compounds and structures of this disclosure are
meant to encompass all possible isomers, stereoisomers, diastereomers, enantiomers,
and/or optical isomers that would be understood to exist for the specified compound

or structure, including any mixture, racemic or otherwise, thercof.
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rod coat (8) 500nm add. Nal n(Se-secBu)4 15% [ Cuo. 91 no. 7Gao. 3( SesB03.9]n r.
t. 1-2 300 C, flash 10 min 550 C, 1 h THF spin coat (10) 700nm 20%
[ Cuo. 91 nowBCan/B(BesBt ) 3. 9] n 110 15 2 60 C, 1 h 650 C, 2Ch/ys20aglogtvé4 spi n

1 h400 C 1

coat (10) 700nm 20% [ Cuo. 91 no. 7Gao. 3(SesBt) 3.9]n 110 15 260 C,

h, 650 C 2 h, 650 C, 4 h p-xylene spin coat (10) 700nm 20%
[ Cuo. 9l no. 7Gao. 3(SesBt) 3. 9] n
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This invention encompasses any and all tautomeric, solvated or unsolvated,
hydrated or unhydrated forms, as well as any atom isotope forms of the compounds
and compositions disclosed herein.

This invention encompasses any and all crystalline polymorphs or different

crystalline forms of the compounds and compositions disclosed herein.

Additional Embodiments

All publications, references, patents, patent publications and patent
applications cited herein are each hereby specifically incorporated by reference in
their entirety for all purposes.

While this invention has been described in relation to certain embodiments,
aspects, or variations, and many details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that this invention includes
additional embodiments, aspects, or variations, and that some of the details described
herein may be varied considerably without departing from this invention. This
invention includes such additional embodiments, aspects, and variations, and any
modifications and equivalents thereof. In particular, this invention includes any
combination of the features, terms, or elements of the various illustrative components
and examples.

The use herein of the terms "a," "an,"” "the" and similar terms in describing the
invention, and in the claims, are to be construed to include both the singular and the
plural.

" o<

include,

R M

The terms "comprising," "having, including" and "containing" are

to be construed as open-ended terms which mean, for example, "including, but not

" o<

include,

EE L M

limited to." Thus, terms such as "comprising," "having, including" and
"containing" are to be construed as being inclusive, not exclusive.

Recitation of a range of values herein refers individually to each and any
separate value falling within the range as if it were individually recited herein,
whether or not some of the values within the range are expressly recited. For
example, the range "4 to 12" includes without limitation any whole, integer,
fractional, or rational value greater than or equal to 4 and less than or equal to 12, as

would be understood by those skilled in the art. Specific values employed herein will

be understood as exemplary and not to limit the scope of the invention.
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110 15 260 C, 1 h 650 C, 4 h, 650 C, 4 h p-xylene knife coat (10) 1000nm
27% [ Cuo. 91 no. 7Gao. 3(SellHex)3 .91, r.t. 1-2 300 C, flash 10 min 550 C, 1 h
c-C61112 wQRramid73eni f e coat (10) 1000nm 25% PCT/US2010/044054

[ CuO. 91 no. 7Ga0. 3(SehBu) 3(SetBu)0.9]11 r.t. 1-2 300 C, flash 10 min 550 C, 1
h 5th 550 C, 1 h 10th c-C6B12 Cr7l-116

Recitation of a range of a number of atoms herein refers individually to each
and any separate value falling within the range as if it were individually recited
herein, whether or not some of the values within the range are expressly recited. For
example, the term "C1-8" includes without limitation the species C1, C2, C3, C4, C5,

5 C6,C7,and C8.

Definitions of technical terms provided herein should be construed to include
without recitation those meanings associated with these terms known to those skilled
in the art, and are not intended to limit the scope of the invention. Definitions of
technical terms provided herein shall be construed to dominate over alternative

10 definitions in the art or definitions which become incorporated herein by reference to
the extent that the alternative definitions conflict with the definition provided herein.

The examples given herein, and the exemplary language used herein are solely
for the purpose of illustration, and are not intended to limit the scope of the invention.
All examples and lists of examples are understood to be non-limiting.

15 When a list of examples is given, such as a list of compounds, molecules or
compositions suitable for this invention, it will be apparent to those skilled in the art
that mixtures of the listed compounds, molecules or compositions may also be

suitable.
EXAMPLES

20 Thermogravimetric analysis (TGA) was performed using a Q50
Thermogravimetric Analyzer (TA Instruments, New Castle, Del.). NMR data were

recorded using a Varian 400 MHz spectrometer.

EXAMPLE 1

Controlling the stoichiometry of polymeric precursors

25 Fig. 8 shows results of methods for preparing polymeric precursor
embodiments (MPP) of this invention having predetermined stoichiometry which are
useful for preparing CIS and CIGS materials of the same predetermined
stoichiometry. The x-axis of Fig. 8 refers to the weight percent of a particular atom,
either Cu, In or Ga, in the monomer compounds used to prepare the polymeric

30  precursor. The y-axis refers to the weight percent of a particular atom in the
synthesized polymeric precursor compounds. Atom concentrations were determined

by the use of ICP. The linear correlation observed in Fig. 8 for several different
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In Table 3 are shown SIMS data for thin filmC GS materials nmade from

pol ynmeric precursors having predeterm ned stoichionetry. The results in

Tabl e 3 iw0i2oatr@713Rat enbodi nents of this invention provCaaspalopmsss c
precursor conpounds 5that can be used to prepare CIGS with any desired
stoichionetry of the ratios of atons of Goup 13. WO

2011/ 017235PCT/ US2010/ 044054 Table 3: SIMS stoichionetry data for thin film

Cl GS mat er i &fivmdRGRecifs8M RRHUAR' h&vé&rtﬁﬁlﬂﬁ%&a&ﬁéﬂ Db R ESBes @ ned
st oi chi omatlfdy}sﬂ[1 A\?ﬁ?cagse gggroage " n/ (1 n+Ga)1 Claa/ ( I1n+Ga) Srpl n coat (15)

1100nm 20% [resHsony Weye Pesise!s coeiobed @(@éﬂwyl}les agd pempesifomapf thg. 69 0. 31 spin
coat (15) 1Q00RME2RA to make the polymeric precursors. The linear correlation observed in

Fig. 8 also showed that methods of this disclosure can be used to make precursor

5 compounds having a range of arbitrary stoichiometries.
EXAMPLE 2

Fig. 9 shows results of methods for preparing polymeric precursor
embodiments (MPP) of this invention having predetermined stoichiometry which are
useful for preparing AIS, AIGS, CAIS, and CAIGS materials of the same

10  predetermined stoichiometry. The x-axis of Fig. 9 refers to the weight percent of
atoms of a particular kind, either In or Ga, in the monomer compounds used to
prepare the polymeric precursor. The y-axis refers to the weight percent of atoms of a
particular kind in the synthesized polymeric precursor compounds. Atom
concentrations were determined by the use of ICP. The linear correlation observed in

15  Fig. 9 for several different polymeric precursor compounds showed that the
stoichiometries of the polymeric precursors were precisely controlled by the quantities
and compositions of the monomers used to make the polymeric precursors. The linear
correlation observed in Fig. 9 also showed that methods of this disclosure can be used

to make precursor compounds having a range of arbitrary stoichiometries.

20 EXAMPLE 3
Controlling the stoichiometry of bulk, crystalline CIGS

materials using polymeric precursors

Fig. 10 shows results of methods for controlling the stoichiometry of the

composition of a bulk, crystalline CIGS material. In these results, the ratio of indium

25  to gallium was controlled. Fig. 10 shows an analysis by X-ray diffraction of the
structure of the crystalline phase of bulk CIGS materials made with various polymeric
precursors. The ratio of indium to gallium in the crystals of CIGS materials was
detected by the relative positions of the 2-theta-(112) peaks in the X-ray diffraction
patterns. As shown in Fig. 10, a linear correlation was found between the percent

30  indium in the bulk CIGS materials and the positions of the 2-theta-(112) peaks over a
range of percent indium from about 30% to about 90%, corresponding to a ratio of

indium to gallium in the bulk CIGS materials of 30:70 to 90:10, respectively. The
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[ Cu0. 91 n0. 7Gao. 3(SenBu) 3(SetBu)]. SIMS (In/fG) 0.68 0.32 spin coat (10)
700nm 20% [ Cuo. 91 n0. 7Gao. 3(SenBu) 3(SetBu)]. SIMS (InfG) 0.68 0.32 spin
coat (15)w0x0nmi125% [ Cu0. 91 n0. 7Gao. 3( SenBu) 3(Set Bu)]. SPEB/USkb@H054 0. 68
0.32 G5EXAMPLE 8 Preparation of bulk CIGS materials A bulk CIGS
material was prepared froma polyneric precursor as follows. A sanple of
the polyneric precursor {(Cu)(Setl3u)(Senl3u)(0.75 In,0.25 Ga)(SenBu)21
(40-60 my) @RS thitbhidi@vby eE&%ﬁQ fifohpmcaﬁn&lct&ec%@s@r f;avgi{;earpe?ceﬁ@ihﬂﬁﬁll of about
1.5 hin 10 an inert atnosphere (nitro The sanple was all owed to cool
t 0 room t enjEicERondiag b@h@)V@u%Of’s@@éﬁdlshEE 5 A reseliudeeed hasthpeipef med i n whi ch
the sanple 1\‘i@1§1mﬁ§§51ﬁgm%rf %@G%eﬁaf&a@ (i-)seg ctoﬁtrf“%g bg’the S%J:tﬁl\é%gﬂgy heat i ng
at 2 C/mn to 400°C Theresutln rraterl was cooled to 20 C over a
peri od of Mmermmecuﬁmmgrgtswm@mm CIGS material was prepared froma
pol ymeric precursor as follows. A

5 EXAMPLE 4
Controlling the stoichiometry of bulk, crystalline AIGS materials using

polymeric precursors

Fig. 11 shows results of methods for controlling the stoichiometry of the

composition of a bulk, crystalline AIGS material. In these results, the ratio of indium

10 to gallium was controlled. Fig. 11 shows an analysis by X-ray diffraction of the
structure of the crystalline phase of bulk AIGS materials made with various polymeric
precursors. The ratio of indium to gallium in the crystals of AIGS materials was
detected by the relative positions of the 2-theta-(112) peaks of the X-ray diffraction
patterns. As shown in Fig. 11, a linear correlation was found between the percent

15  indium in the bulk AIGS materials and the positions of the 2-theta-(112) peaks over a
range of percent indium from 0% to 100%, corresponding to a ratio of indium to
gallium in the bulk AIGS materials of 0:100 to 100:0, respectively. The AIGS
materials were each made from a polymeric precursor having a percent indium
corresponding to the value on the x-axis. Thus, the results showed that the ratio of

20 indium to gallium of an AIGS material was precisely controlled by the structure of the

polymeric precursor used for its preparation.

EXAMPLE 5

Controlling the stoichiometry of thin film CIGS materials using polymeric precursors

Fig. 12 shows results of methods for controlling the stoichiometry of the
25  atoms of Group 13 in CIGS thin film layers. The CIGS thin films were made by spin
coating a polymeric precursor embodiment (MPP) of this invention onto a substrate,
and converting the coated polymeric precursor to a CIGS composition. The MPP
polymeric precursor had a predetermined stoichiometry of Group 13 atoms, and was
used to make a CIGS thin film having the same predetermined stoichiometry. The x-
30  axis of Fig. 12 refers to the fraction of the Group 13 atoms in the polymeric precursor
that were indium atoms, which represents the predetermined or targeted indium to

gallium stoichiometry. The y-axis of Fig. 12 refers to the fraction of the Group 13
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sanpl e of the polynmeric precursor 1(0.85 Cu)(Sel 3u)(SenBu) (0.7 In,0.3

Ga) (5el'13u)21 (40-60 ng) was initially heated from20 Cto 260 C over a
peri od ofwelouto11235 h in an inert atnosphere (nitrogen) PCThS2&1@014084 Was
allowed to cool to roomtenperature before a second heating sequence was
performed in which the sanple was heated at 2010 Cmn from20 Cto 250 C,
followed by heating at 2 Cmn to 400 C. The resulting CIGS materi al was

cool ed to 200 AMES Cﬁ}spﬁfnl R Rt v@p@lualu&l dloms, which r%@seﬁ@s E@masﬁr&r action
pattern of this material indicated the presence of a si nglée crystalline

Cl GS phase, infigep galjumestoichiparealy ag RetPavmsdriyvitec ye@E EDX. Hihe fapofainitanal ysi s

(EDS): Cl10, o)
Cu0. 911110. é@%a%ggsg%%%aﬁ%%ﬁﬁ%ﬁ%%e%&%ﬁ %{Jll%d %}%Cjé&r%r%tﬁl gﬁu:ng:) g&/glgmprepar ed from

a pol ymeri cstpeldenetaomdaie doplal goishiomets torpd @ the CiGrethpofilpner i ¢ precursor
{(nBuSe)2I no3GaG %‘?@?‘dﬁﬂ ﬁﬁﬁﬁggg&li&ég’%&b&%om Adllahd @LJ%J&@B‘% ed from 20

Cto 260 C over a perio in an 1 nert atnosphere (nitrogen).
The sanpl e spascoalihganEiG lypoaic traursoomto e vecatediglshebsarae.a second heati ng

sequence was perf orned nwhl ampl e heated at, 10 C mn from20 C
to 250 C, foll O\AP/];OdSIan%atm g atasé“ac“% Wh et iay @er%q%verbé”s‘g’hu ng Cl GS
10mat eri al dissslvoral Imlt/march)@ecG.‘rSOMBmymn@ﬁﬂvemdtoabomﬁo%tprécul‘sor EXANPLE 11

A bul k C GS i al ed fro rreric as follows. A
Sampl 6 of tHET hohben s Bt PEEPRE s bl Bk X etasf sReTRAES M By aul *(a0- 60
ng) wasio nihicadnl) yinthaM@doaftd’ngﬁsZ@J‘tﬁrite vﬁﬁ&@s@\dﬂ]’cm&t ﬂbebtf@dheCchtlﬁbOUt 1.5 hin
an inert 15 atm)s nitro The sa d to cool to room
tenperaturesuB%’FaEFrSélg g@éﬁlﬁbsﬂé twagﬁleg@ﬂ{?é’ﬁ& B‘ea?‘lo d Y fhi ch t he
sanpl e was maa@dlgagenwat%mm efumraqylﬁcamg) 12§1Qu§tesftﬁé tawadubyrafeeat i ng at 2
Cmnto 400 C. The resulting CIGS material was cooled to 20 C over a

period of ap#icated Hla@%&ﬁﬁ_OEC%Q’eI?@AOBﬁHeIPO]@P@C relesplpmprequser e ed from a

poI YyMeri ¢ peRfddhdRiordsin Figth hAWsial A sampl e of the pol ynmeric precursor
(nBuSe%ﬁZl no7Ga03( SenBu) ( Set Bu) Cul (40-60 ng) was initially heated from 20

ngy
C to 260 C over Thcgatpipeitsdpr the thirt CHOSSfilpsiin Fign13 fadclosatortbs idaddige.(ni t r ogen) .
The sanple ¥, All@IPhdRnERAly VR RGN RIREh HlifliGhafierfo gpcond heati ng

sequence was perforned he sanpl e was heat ed at Cmn 25 from
20 Cto 2501n®umftolghlbmdn byum@@ipfﬁ@fe@m @lxrﬁfmcmr@cgrsmnmoundsemd tsul t| ng Cl GS

materi al Waﬁmglﬁgrh c}a%o%?ingiu%y fhquelfl'tl% 091’{3 %H&H%th}n @IGSE?%’NP

r
bulk CIGS nmateri a?tqwas pr epar e@gfarom a poly recursor as Iows A
sanpl e of tﬂeslhp@lhqm@ai the prieofimdmim to(28Ui8w)iR ko ® GHGS ﬁ(@ean@tpﬂ@ely(%u)ojl

(40-60 ﬂp) etd bgtt%lmé}l %eYerm n%h gttmc]ino%ln;nc ﬁ%:o 5f01n(?1u1in 10 'ﬁf/um IniathQ eriod of about

1.5 h in an |ner owed to cool to
room terrper;aﬂymcmcbaeéoorser @cd ecoaat t]me@lGSmgatsMu@hm‘-zorw&mmebsfeNedmd in which

t he sanpl e s heated a Cmn from20 Cto 250 by heating
ot 2 Ci n o g oeR e Fr B s e GaSio b e GES BBY Cover Ca
peri od of afi@dtof AnyharbiteXidRbifed kébichRimadgvath rodpeatfto bid|al©nﬁ|o$0’1faip61|3l al s A
bulk AIS material having the formul a Agl nSe2 was prepared by heating the

pol ymeric precursor {Ag(SesBu)4l n}Er%gA é % per mnute to a final
tenperature of 500 C and holding t M erature at 500 C for 30 m nutes.

The X-ray diffraction pattern of this material indicated the presence of a
cryst al 23 ne Al S KihdsehowsOEXMPLEReth&As for controlling the stoichiometry of Group 13

atoms in thin film CIGS materials. In these results, the ratio of indium to gallium was
controlled. Fig. 13 shows an analysis by X-ray diffraction of the structure of the
crystalline phase of CIGS thin film materials made with various polymeric precursors.
The CIGS thin films were made by spin coating and rod coating. The
30  thickness of the thin films was about 300 nm for rod coating and in the range of about

500-700 nm for spin coating. The thin films were made by coating an ink of a
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A bulk AIS material having the formula Ago9l nSe2 was prepared by heating
the polyneric precursor {Ago9(SesBu)391n} at 10 C per mnute to a final

t enper at Wwe 20f1/@B0B35C and hol di ng the tenperature at 500PCTfUsR01804495H0Ut eS.
The X-ray diffraction pattern of this material indicated the presence of a
crystalline A'S phase. 15EXAMPLE 16 Preparation of bul k CATS materials

A bul k CATS material having the fornula Cuo 05Ago95I nSe2 was prepared by
heating t he,dahyH¥NrdGrsBF GRYE FRMitele@iR 1AL R SERBUNAL BlbsRbe Bg C per m nute
to a fi naIeI%errpng{ure of 500 C and hol din he téglrrperature at 500 C for 30
m nutes. 20°PRECTROG Wy ceiting feathingHmpyaierds in ©UMAeP-s material indicated the
presence of a crystalddgpeiAT RiaPRSRe FENONVBERC Houp 13 atorf RWHEATS materi al
having the formula Cuo | Ago9l nSe2 was prepared by heating the polyneric
precur sor {{ToothptAgsondugBudmy, whichtrepirese®s pheringimue galtign stofchipalietrgs

t enper ature | di r . at ) ( 0 m nutes.
The X-ra§; di %{mrnggtg ?’glr?g{ggrth? g’ragdsorb? FE%?%}G%}?EOH?%F&?W ioé‘g;[%%dtﬁ%t%lgﬁg esence of a
cryst al | i nepc@AiShp Kase diffedcaMPhEtetiBof the thin film CIGS m@piiah ot dstsilsgradeposi ti on of

pol ymeric precursor. ink ¢ itdons 30 (o] ric precursqor ink was
P epared. by R oS aeE TR BB Ssors i PO R BREGU BRI 106 ot yrver

cont ent, byhawigghfcicentrindimmicoeespoakings pivesame ghloy en thox-axAnwhdre geroént (0. 3 nl)
of the ink .s&.l ut.i éb*ﬁ@a {é' tered through a 0.2 pm PTFE syringe filter and
deposi ted off IBmdSE EUEUBFO%- inch by 1 inch Mb-coated glass substrate in a
raster femshi on. TheeessiiatRigitl @ shised it fheahitiok 20 Ghdiypiofg@alivin imitieLCIGSUSi Ng a

&BP-8 Spin er (Speci al Coati.ng Syste in an_jnert ba phere gl ove
box, all owe 1&8“@ i“%rer‘%FeC%EiéEheZealﬁﬁl‘fﬁﬁoé on ﬁsaﬁepiﬁe@dllﬁ Paakér“éﬁlggét ed (300 O
furnace forragQifffdiidh sttchrof @RANMAFEMONTIR strhidBt IRRlY PRI 13 R adedehik Snemt eri al .
Thi s deposition process (filter/deposit/convert) was repeated 7 and 14
times, withdAFROUE prg) shawp eordasion ARt cebity Brcaiusi! irgrménedd'sy annealing in a
furnace at &$HhiSmEBS anll tROMsition BEMEA K- 110 MhdaR Sbint DGy birRMRién deposi ti ons
had a thi ckness of "about 400 nm 10 The CAIGS filmresulting from 14
deposi tli)nspaﬁa@- a thickness of about 850 nm EXAMPLE 19 A polyneric
precur sor i nk_ e adfeeort iy AR @R (RaRE) AThAAo LERAmS W th
xyl ene (15% pol yner content, by weight) in an inert atnosphéere glove box.
An aliquot (t@ciBometyy &fthe th filmland heutosivan wetbe Rithateerldd) pesk hrasaginga 0.2 pm
PTFE syrin fefcleﬁtq%dil?lﬂqiro%e@g% Fod, OFthQ, Re %klﬁ%‘%h edthdt Bt Adhidmd e
Mb- coated g dss substrate in a raster fashion. e substrate was spun at
1200 r pm f oof the atpmudieGrosp hYolze ERF:IR GRISm@Boat e ePpeaaichl doytr@dtbyng Syst ens)
in an igert nosph l,ove. box ] owed . it .for ut. 2 mnutes, and
pl aced Iﬂjral efhg%tgcﬁe%gf;tge ?@%gﬁpr?cﬁl?sﬁégsg %rrl%s%be%ﬁ%atﬁ% 'e%u?&'grr ¥hgonver sion of the
pol ynmer to @rnchtiGosatved indlig. 132BowWhthst thkepohodsi of ithipmeaess can be used
(filter/deposit!/ rt) was re ted 7. tines, with the final deposition
Snd conver o gt SRS Hib R ARG Yefirtd ety WG e D e T hour | The
CAI GS fi |l mate@subttGogp is.om this deposition had a thickness of about 400 nm
EXAMPLE 20 Spin casting deposition of polynmeric precursor ink conpositions
%)E;An i nk made by m xi ng Agl n(5el téﬁ&éﬁd\ﬁt h xyl ene (20% pol yner content,
25 Thin film CIS/CIGS/CGS materials having predetermined

stoichiometry made from polymeric precursors

Examples of thin film CIGS, CIS and CGS materials made from polymeric
precursors having predetermined stoichiometry are shown in Table 2. The examples
in Table 2 were made by coating an ink containing 15-20% (w/w) of the specified

30  polymeric precursor in solvent onto a molybdenum-glass substrate, drying the

coating, and converting and annealing to achieve a thin film.

88



wei ght) was prepared in an inert atnosphere gl ove box.

An aliquot (0.3 niL)
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Yield % Target % [ CuLol ni o(SesBu)4]n CulOln10Se2 46.6 46.5

[ Cui .ol no.9Gao. i (SesBu) 4] n CulOln0.9Ga0.1 Se2 46.3 46.2

[ Cui . ol nowBCal/@(888sBu) 4] n CulOl n0. 8Ga0. 25e2 45. 2 45. 9 PCT/US2010/044054
[ Cui . ol no. 7Ga0. 3( SesBu) 4] n CulOl n0. 7Ga0. 3Se2 46.0 45.5

[ Cui . ol no. 6Ga0. 4( SesBu) 4] n CulOl n0. 6Ga0. 45e2 49.0 45.2

[ Cui . ol no. 5Ga0. 5( SesBu) 4] n CulOl n0. 5Ga0. 55e2 45.8 44.8

[ Cui . ol no. 3GA0. 7(SesBuj 4] n Drying | Conversion '
Method (layers) thickness 5 o Annealing
0 (T°C) (T°C) o Solvent
Ink%; Polymeric Precursor . (h) (T°C) (h)
(min)
spin coat (10) 700nm 110 260 ;
20% [Cuy ol sGao (Se"Bu)al, 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cuy ol sGao 1(Se"Bu)al, 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy olng sGao (e Bu)al, 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy ol 1Gao 3(Se™Bu)al, 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cuy oGay o Se*Bu)], 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260 ;
20% [Cuy olng sGao s(Se"Bu)al, 15 1 400C,1h p-xylene
spin coat (10) 700nm 110 260
20% [Cuy olng s Gao o(Se'Bu)als 15 1 400C, 1h p-xylene
spin coat (10) 700nm 110 260
20% [CuyoIngsGao(Se Bu)sla 15 1 400C, 1h p-xylene
. 300 C
spin coat (15) 1200nm r.t. ,
20% [CuooIng ;Gags(Se"Hex )z o] 1-2 ﬂari}ilnso 530G Lhr p-xylene
. 300 C
spin coat (10) 800nm r.t. ,
20% [CugeIng ,Gags(Se"Hex)s o]n 1-2 ﬂari}ilnso 330 C, Lhr p-xylene
rod coat (10) 700nm r.t. 300 C,
20% [Cuy ol o(Se™Hex)], 12 flash >50C, 1h THE
rod coat (10) 700nm r.t. 300 C,
20% [Cuy.olngsGao 1 (Se"Hex)y]n 12 flash 330G, 1h THE
rod coat (10) 700nm r.t. 300 C,
20% [C oo 2Gatg (S Hex)s]s 12 flash 330G, 1h THE
rod coat (10) 700nm r.t. 300 C,
20% [Cu oo sGatg s(Se"Hex)s]s 12 flash 30C, 1h THE
spin coat (9) 500nm r.t. fffs%gz) 500C2h _xvlene
20% [CugsIng:Gaos(Se"Hex)s o] 1-2 o, every 3rdcoat | P
spin coat (11) 700nm r.t. fffs%gz) 500C2h _xvlene
20% [CugsIng:Gaos(Se"Hex)s o] 1-2 o every 3rdcoat | P
spin coat (12) 700nm r.t. fffs%gz) 500 C 2 h 3/6/9, _xvlene
20% [CugsIng:Gaos(Se"Hex)s o] 1-2 o, 550 3h 12thcoat | P
. 300 C 500 C2h3/6/9
spin coat (12) 700nm r.t. ; i
N flash 30 550 3 h 12th coat, -xyl
20% [Cugolng,Gagz(Se"Hex)z ln 1-2 arflin 600 8 h coa pxyfene
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CulOl n0. 3Ga0. 75e2 48.9 44.1 [Cui.olno.iG0. 9(SesBu) 4] n CulOl n0. 1Ga0. 95e2
49.0 43.4 [CuLoGai o(SesBu)4]n Cul0Gal05e2 44.0 43.0

[ Cu0. 851 W00 G ®33( Se1303. 85], Cu0.851n0. 7Ga0. 3Se2 46. PCAAIS2010/044054

[ Cu0.901110. 7Ga0. 3(Sel1303.90] n Cu0. 90l n0. 7Ga0. 3Se2 47.8 45.9

[ Cu0. 951110. 7Ga0. 3(Ses1303. 95], Cu0.951n0. 7Ga0. 3Se2 47.4 45.7

[ Cui .ol ni.o(SenHex)dn Culol nl. 05e2 38.3 40.3 [Cui.olno.9Go0.i (SenHex) dn

. Dryin i .
Method (layers) thickness TYIE | Conversion | Apnealing
. (T°C) (T°C) Solvent
Ink%; Polymeric Precursor . (h) (T°C) (h)
(min)
. 300 C
spin coat (5) 300nm r.t. ; ;
20% [CugeIng ;Gags(Se"Hex )z 0]a 1-2 ﬂari}ilnso 550C, 1h p-xylene
. 300 C
spin coat (10) 600nm r.t. ,
20% [CugeIng ,Gags(Se"Hex)s o]n 1-2 ﬂari}ilnso 530G, 1h p-xylene
spin coat (15) 1000nm r.t. fffs%gz) 550 C, 1 h 10th, _xvlene
20% [CugsIng:Gaos(Se"Hex)s o] 1-2 o, 550C1histh | P
. 300 C,
spin coat (15) 1100nm r.t. flash 30 none p-xylene
20% [Cugolng 7Gag s(Se"Bu)s(Se'Bu)], 1-2 min
. 300 C
spin coat (15) 1100nm r.t. ; ;
20% [Cugslng Gaox(SeBus(SeBul, | 12 | 1030 400G T pyiene
. 300 C
spin coat (15) 1000nm r.t. ,
20% [Cugslng Gaoa(Se™Bu)(SeBu)l, | 12 | 1030 | 330G Th ) pxylene
. 300 C,
spin coat (10) 700nm r.t. flash 30 none decanc
20% [Cug gIng ;Gag s(Se"Bu)s(Se'Bu)], 1-2 min
. 300 C
spin coat (15) 950nm r.t. ,
20% [CuosTng 7Gan s(Se"Bu)s(Se'Bu)] 1-2 ﬂai.‘n” 400C,1h decane
. 300 C
spin coat (15) 950nm r.t. ;
20% [Cuoshig Gao(SeBu(SeBu), | 12| 14030 | 0GR decane
rod coat (8) 500nm " 300 C,
add. Naln(Se-secBu)4 {'_ 5 flash 10 550C, 1h THF
15% [CugeIng ,Gags(Se’Bu)s sla min
spin coat (10) 700nm 110
20% [Cuo oo 1Gatg 5(Se’Bu)s o], 15 260C,1h 650C,4h p-xylene
spin coat (10) 700nm 110 400C, 1 h, 650 C ;
20% [CuosIng:Gao(Se’Bu)sola 15 260G 1h | 650, 4n | Pvlene
spin coat (10) 700nm 110 650 C, 4 h, 650 :
20% [CugeIng sGag3(Se’Bu)s oln 15 260G Lh C,4h p-xylene
knife coat (10) 1000nm r.t. fffs(;%) 550 C. 1h c-CeH )5
27% [CuoeIng ;Gag 3(Se"Hex)z 0]n 1-2 min ’ C7His
knife coat (10) 1000nm r.t. fffs(;%) 550C,1h 5t c-CeH )5
25% [CugIno7Gao3(Se"Bu)s(Se Bu)osla 1-2 min 550 C, 1h 10™ C;H6

In Table 3 are shown SIMS data for thin film CIGS materials made from
polymeric precursors having predetermined stoichiometry. The results in Table 3
indicate that embodiments of this invention provide polymeric precursor compounds
5 that can be used to prepare CIGS with any desired stoichiometry of the ratios of atoms

of Group 13.
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CUL ()Il1k 9Ga0.1 Se2 42.8 40.0 [Cui.ol no. 7Ga0. 3(SenHex)4]n CUL ()Ilk 7Ga0. 3
Se2 39.5 39.3 [Cui.oln0.5Ga0. 5(SenHex) 4] n al 1oi no. 5Ga0. 5Se2 37.9 38.6

[ Cui . ol noNBG@a0/Gi(BenHex) 4] n CULO0I 110. 3Ga0. 75e2 38.0 37. @CHMSRaIGAH4054

o( SenHex) dn Cul0Gal05e2 38.3 36.9 [ Cu0.8511- 10. 7Ga0. 3( SenHex) 3. 85] n

CL10. 851110. 7Ga0. 3Se2 40.7 39.8 [ Cuo. 90l n0. 7Gao. 3( SenHex) 3. 9¢] n

CL10. 901 110. 7Ga0. 35e2 40.3 39.6 [CulOlnl o(SenBu)4]n

Table 3: SIMS stoichiometry data for thin film CIGS materials made from

polymeric precursors having predetermined stoichiometry

Average Average
In/(IntGa) | Ga/(Int+Ga)
spin coat (15) 1100nm
20% (Isé/l\éi) 0.69 0.31
[Cu0_91n0_7Ga0_3(SenBu)g(SetBu)]n
spin coat (15) 1000nm
20% (Isi/l\éi) 0.68 032
[Cu0_91n0_7Ga0_3(SenBu)g(SetBu)]n
spin coat (10) 700nm
20% (Isi/l\éi) 0.68 0.32
[Cu0_91n0_7Ga0_3(SenBu)g(SetBu)]n
spin coat (15) 950nm
20% (Isi/l\éi) 0.68 0.32
[Cu0_91n0_7Ga0_3(SenBu)g(SetBu)]n
5 EXAMPLE 8

Preparation of bulk CIGS materials

A bulk CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {(Cu)(Se'Bu)(Se"Bu)(0.75 In,0.25 Ga)(Se"Bu),}
(40-60 mg) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in

10 an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature
before a second heating sequence was performed in which the sample was heated at
10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The

resulting CIGS material was cooled to 20 °C over a period of about 1 h.

EXAMPLE 9
15 A bulk CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {(0.85 Cu)(Se'Bu)(Se"Bu)(0.7 In,0.3 Ga)(Se"Bu),}
(40-60 mg) was initially heated from 20 °C to 260 °C over a period of about 1.5 h in
an inert atmosphere (nitrogen). The sample was allowed to cool to room temperature
before a second heating sequence was performed in which the sample was heated at
20 10 °C/min from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The
resulting CIGS material was cooled to 20 °C over a period of about 1 h.
The X-ray diffraction pattern of this material indicated the presence of a single

crystalline CIGS phase, namely a tetragonal chalcopyrite phase.
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CulOl nl. 05e2 47.2 46.5 [Cui.olno. 7G0. 3(SenBu) 4] n CulOl n0. 7Ga0. 3Se2 43.8
45.5 [Cui.oGl. o(Senth.)4] n CULOGal. 05e2 43.8 43.0 [Cul.0Inl

o( Sent h. )803et1BuyI3n CulOl nl. 05e2 48.8 46.6 PCT/US2010/044054

[ Cui.olno.9Gao.i(SenBu)3(SetBu)]n CUL ()Ilk 9Ga0.1 S e2 49.3 46.2

[ Cui . ol no. 75Ga0. 25( SenBu) 3(Set Bu) | n Cul. 01110. 75Ga0. 255e2 47.3 45.7

Pol ynmeric Mol ecul ar Precursor Material Target TGA

Elemental analysis (EDS): CuggsIngesGag3Sers.

Elemental analysis (ICP): Cugo1Inge7Gag33Ser s.

EXAMPLE 10
A bulk CIGS material was prepared from a polymeric precursor as follows. A
5 sample of the polymeric precursor {("BuSe);Ing3Gao-(Se"Bu)(Se'Bu)Cu} (40-60 mg)
was initially heated from 20 °C to 260 °C over a period of about 1.5 h in an inert
atmosphere (nitrogen). The sample was allowed to cool to room temperature before a
second heating sequence was performed in which the sample was heated at 10 °C/min
from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The resulting CIGS

10 material was cooled to 20 °C over a period of about 1 h.

EXAMPLE 11
A bulk CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {("BuSe),IngsGaos(Se"Bu)(Se'Bu)Cu} (40-60 mg)
was initially heated from 20 °C to 260 °C over a period of about 1.5 h in an inert
15  atmosphere (nitrogen). The sample was allowed to cool to room temperature before a
second heating sequence was performed in which the sample was heated at 10 °C/min
from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The resulting CIGS

material was cooled to 20 °C over a period of about 1 h.

EXAMPLE 12
20 A bulk CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {("BuSe),Ing,Gaos(Se"Bu)(Se'Bu)Cu} (40-60 mg)
was initially heated from 20 °C to 260 °C over a period of about 1.5 h in an inert
atmosphere (nitrogen). The sample was allowed to cool to room temperature before a
second heating sequence was performed in which the sample was heated at 10 °C/min
25  from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The resulting CIGS

material was cooled to 20 °C over a period of about 1 h.

EXAMPLE 13
A bulk CIGS material was prepared from a polymeric precursor as follows. A
sample of the polymeric precursor {("BuSe),Ing¢Gao1(Se"Bu)(Se'Bu)Cu} (40-60 mg)
30  was initially heated from 20 °C to 260 °C over a period of about 1.5 h in an inert

atmosphere (nitrogen). The sample was allowed to cool to room temperature before a
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Yield % Target % [ Cui .ol no. 7Ga0. 3( SenBu) 3( Set Bu) ] n Cul0l n0. 7Ga0. 3Se2 49. 3
45.5 [ Cui .ol no.5G0. 5(SenBu) 3( Set Bu) ] n Cul0Ol n0. 5Ga0. 55e2 46.9 44.8

[ Cui . ol nowBCGat/i(8enBu) 3( Set Bu) ] n CulOl n0. 3Ga0. 75e2 48. BCAAIS2010/044054

[ Cui .ol no.i Ga0. 9(SenBu) 3(SetBu) ] n Cul. 01n0. 1Ga0. 95e2 44.2 43.4 [ CulLoGai

o( SenBu) 3(SetBu) ] n Cul0Gal05e2 45.0 43.0

[ CuO. 851110. 7Ga0. 3(SenBu) 3(Set Bt ) 0. 85] n Cu0. 851110. 7Ga0. 3Se2 46.4 46.1

[ CuO. 901 nO. LA 134 RRNEYNRESPA Bl 0mPQ]iR which the sample was heated at 10 °C/min
from 20 °C to 250 °C, followed by heating at 2 °C/min to 400 °C. The resulting CIGS

material was cooled to 20 °C over a period of about 1 h.

EXAMPLE 14
5 Preparation of bulk AIS materials

A bulk AIS material having the formula AglnSe, was prepared by heating the
polymeric precursor {Ag(Se’Bu)4In} at 10 °C per minute to a final temperature of
500 °C and holding the temperature at 500 °C for 30 minutes. The X-ray diffraction

pattern of this material indicated the presence of a crystalline AIS phase.

10 EXAMPLE 15
A bulk AIS material having the formula Agy¢InSe, was prepared by heating
the polymeric precursor {Agoo(Se’Bu)soln} at 10 °C per minute to a final temperature
of 500 °C and holding the temperature at 500 °C for 30 minutes. The X-ray

diffraction pattern of this material indicated the presence of a crystalline AIS phase.

15 EXAMPLE 16
Preparation of bulk CAIS materials

A bulk CAIS material having the formula Cug sAgo 9sInSe, was prepared by
heating the polymeric precursor {CugosAgoos(Se’Bu)sn} at 10 °C per minute to a
final temperature of 500 °C and holding the temperature at 500 °C for 30 minutes.
20  The X-ray diffraction pattern of this material indicated the presence of a crystalline
CALIS phase.
EXAMPLE 17
A bulk CAIS material having the formula Cug;AggeInSe, was prepared by
heating the polymeric precursor {Cug1Agoo(Se’Bu)sIn} at 10 °C per minute to a final
25  temperature of 500 °C and holding the temperature at 500 °C for 30 minutes. The X-
ray diffraction pattern of this material indicated the presence of a crystalline CAIS

phase.

EXAMPLE 18

Spin casting deposition of polymeric precursor ink compositions

30 A polymeric precursor ink was prepared by mixing

CuossAgo.0s(Se’Bu)s olng 7Gag 3 with xylene (15% polymer content, by weight) in an
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CL10. 901 n0. 7Ga0. 3Se2 46.5 45.9 [CuLoGai o(Setth.)4.4, CulOGal.05e2 46.7
43.0 [Cu0. 95Gai . o( Set B03. 95], Cul0Gal.05e2 46.9 43.1 [Cui.0ini

o( SesBu) 3y6evBu17235Cul0l nl. 05e2 45.4 46.5 [ Cui. ol no. 7GaPC3(USesBOYBEHet Bu) | n
CLI 101 110. 7Ga0. 3Se2 42.8 45.5 [Cui. ol no. 5Ga0. 5(SesBu) 3(SetBu)]n

CLI 101 110. 5Ga0. 55e2 41.3 44.8 [Cu0.851110. 7Ga0. 3( SesBu) 3( Set Bu) 0. 85] n

Cu0. 851110. 7Ga0. 3Se2 44.2 46.1 [Cul.0lnl o(Se(2-EtHex))4b

inert atmosphere glove box. An aliquot (0.3 mL) of the ink solution was filtered
through a 0.2 um PTFE syringe filter and deposited onto a piece of 1 inch by 1 inch
Mo-coated glass substrate in a raster fashion. The substrate was spun at 1200 rpm for
1 minute using a G3P-8 Spin Coater (Specialty Coating Systems) in an inert
5 atmosphere glove box, allowed to sit for about 2 minutes, and placed in a pre-heated

(300 °C) furnace for 30 minutes for conversion of the polymer to a CAIGS material.
This deposition process (filter/deposit/convert) was repeated 7 and 14 times, with the
final deposition and conversion followed by annealing in a furnace at 550 °C for 1
hour. The CAIGS film resulting from 7 depositions had a thickness of about 400 nm.

10 The CAIGS film resulting from 14 depositions had a thickness of about 850 nm.

EXAMPLE 19
A polymeric precursor ink was made by mixing
CuosAgo05(Se’Bu); gsIng 7Gag 3 with xylene (15% polymer content, by weight) in an
inert atmosphere glove box. An aliquot (0.3 mL) of the ink solution was filtered
15  through a 0.2 um PTFE syringe filter and deposited onto a piece of 1 inch by 1 inch
Mo-coated glass substrate in a raster fashion. The substrate was spun at 1200 rpm for
1 minute using a G3P-8 Spin Coater (Specialty Coating Systems) in an inert
atmosphere glove box, allowed to sit for about 2 minutes, and placed in a pre-heated
(300 °C) furnace for 30 minutes for conversion of the polymer to a CAIGS material.
20  This deposition process (filter/deposit/convert) was repeated 7 times, with the final
deposition and conversion followed by annealing in a furnace at 550 °C for 1 hour.

The CAIGS film resulting from this deposition had a thickness of about 400 nm.

EXAMPLE 20

Spin casting deposition of polymeric precursor ink compositions

25 An ink made by mixing AgIn(Se"Hex), with xylene (20% polymer content, by
weight) was prepared in an inert atmosphere glove box. An aliquot (0.3 mL) of the
ink solution was filtered through a 0.2 pm PTFE syringe filter and deposited onto a
piece of 1 inch by 1 inch Mo-coated glass substrate in a raster fashion. The substrate
was spun at 1200 rpm for 1 minute using a G3P-8 Spin Coater (Specialty Coating

30  Systems) in an inert atmosphere glove box, allowed to sit for about 2 minutes, and
placed in a pre-heated (300 °C) furnace for 30 minutes for conversion of the

polymeric precursor to an AIS material. This deposition process
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CulOl nl. 05e2 35.9 35.5 [Cui.olni.o(SePh)3(SenHex)]n CL11.01111.05e2 43.4
41.5 [Cui.olno.9Gao.i (StBu)4]n Cul.0110.9Ga0.1 S2 46.2 44.8

[ Cul. 01now®2EEM12536 St Bu) 4] n Cul. 011 0. 75Ga0. 2552 45. 3 44 PLT/US2010/044054
[Cui.oGai.o(StBt)dn CLI10Gal. 052 41.0 40.3 [CuLolni o(StBu)4]n CulOl n10S2
46.0 45.0 [CuLoGai o(SEt)3(StBt)]n CulOGal. 052 49.8 48.6

[ AgLol ni . o(Sesth.)4]n

(filter/deposit/convert) was repeated 8 times, with the final deposition/conversion
followed by annecaling in a furnace at 550 °C for 1 hour. The AIS film had a
thickness of about 500 nm.

EXAMPLE 21

5 Preparation of monomer compounds

A monomer compound represented by the formula Ga(Se"Bu); was
synthesized using the following procedure.
To a 500-mL round bottom Schlenk flask in an inert atmosphere glove box
was added NaSe"Bu (28 g, 176 mmol) and THF (200 mL). The flask was then
10  transferred to a Schlenk line and a solution of GaCls (10.3 g, 59 mmol) in 20 mL of
benzene was then added. The reaction mixture was stirred for 12 h and the volatiles
were removed under reduced pressure. The residue was extracted with toluene and
filtered. The volatiles from the filtrate were then removed under reduced pressure
leaving a colorless oil (23 g, 48 mmol, 83% yield).
15 NMR: (1H; C6D6): 0.85 (t, Jug = 7.2 Hz, 9 H, CH3); 1.40 (m, 6 H, -CH>-);
1.77 (m, 6 H, -CH;-); 3.03 (br s, 6 H, SeCH5-).

EXAMPLE 22
A monomer compound represented by the formula In(Se"Bu); was synthesized
using the following procedure.
20 To a 500-mL round bottom Schlenk flask in an inert atmosphere glove box
was added InCl; (6.95 g, 31 mmol), NaSe"Bu (15 g, 94 mmol), and THF (200 mL).
The reaction mixture was transferred to a Schlenk line and stirred for 12 h. The
volatiles were subsequently removed under reduced pressure. The remaining solid
residue was dissolved in hot toluene and filtered. The volatiles from the filtrate were
25  removed under reduced pressure and the resulting solid was washed with pentane.
The final colorless solid was dried under reduced pressure and isolated (15 g, 29
mmol, 92% yield).
NMR: (1H; C6D6): 0.913 (t, Jup = 7.2 Hz, 9 H, CH3); 1.43 (m, 6 H, -CH,-);
1.72 (m, 6 H, -CH»-); 2.90 (t, Jun = 7.2 Hz, 6 H, SeCH>-).

30 EXAMPLE 23
A range of polymeric molecular precursors shown in Table 4 were synthesized

in an inert atmosphere according to the following general procedure. A Schlenk tube
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Agl. 01nl. 05e2 49.8 49.6 [ Ago. 6l nl. o(SesBu)3.6], Ago.61111.05e2 50.3 50.4

[ AgO. 91 nl. o(Sesth.)3.9], Ag0.9Inl.05e2 50.3 49.8 [Agi.5Inl.o(Sesth.)4.5],
Agl. 51 n1.wbel115M713548. 9 [ AgLol ni . o( SesBu) 3( Set Bu) ] n Agi Pomiusobied4684 8 49. 6
[ Agi . oGa( SesBu)dn Agl. 0Gal05e2 49.9 46.5 [ AgO. 81 nOl Gao. 8( SesBt) 3. 8],

AgO0. 81 n0. 2Gao. 85e2 49.7 47.3 [Agl. ol no. 3Ga0. 7(Sesth. ) 4. 4,

was charged in an inert atmosphere glovebox with M®(ER); and Cu(ER). A solvent,

typically toluene or benzene, was then added. The Schlenk tube was transferred to a

Schlenk line and the reaction mixture was stirred at 25 °C for 1 h. In some cases, the

reaction mixture was stirred at about 80 °C for up to 12 h. The solvent was removed

5 under reduced pressure and the product was extracted with pentane. The pentane
extract was filtered and the solvent was removed under reduced pressure to afford a
yellow to yellow-orange product. The products ranged from being an oil, to being a
semi-solid, to being a solid. Yields of 90% or greater were typical.

10 Table 4: Examples of polymeric molecular precursors
TGA
Polymeric Molecular Precursor Material Target Yield | Target %
%
[Cuyoln; o(Se’Bu)ala Cuyoln; oSes 46.6 46.5
[CuyolngeGag 1(Se’Bu)sla CuyolngoGag:Se; 46.3 46.2
[CuyolngsGag 2(Se’Bulsl CuyolngsGag,Se 45.2 45.9
[Cuy olng 7Gaga(Se’Bukl, Cuyolng,GagsSe; 46.0 45.5
[Cu.oTng.6Gag «(Se’Bu)sla CuyolngGagaSe, 49.0 452
[CuyolngsGag s(Se’Bu)sla CuyolngsGagsSe, 45.8 44.8
[Cuy.olng3Gag A Se’Bu)sla Cuyolng;Gag-Se 48.9 44.1
[Cuy.olng 1Gag o Se’Bull, Cuyolng 1GagsSe; 49.0 43.4
[Cuy 0Gayo(Se Bu)y], Cuy.0GayoSe, 44.0 43.0
[Cug gsIng;Gags(Se’Bu)s ss]y CugssIng,Gag3Se, 46.7 46.1
[Cug.00lng,Gags(Se’Bu)sgola Cugoolng,Gag3Se, 47.8 45.9
[CugosIng /Gags(Se’Bu)sosla Cugoslng,Gag;Se; 47.4 45.7
[Cuyolngo(Se"Hex )il CuyolnoSes 38.3 40.3
[Cuy.olng 9Gao 1(Se"Hex)4]n Cu; olngsGagSe, 42.8 40.0
[Cuy.olng ,Gaos(Se"Hex)4]n Cu; olng ,GagsSe, 39.5 393
[Cuj olng sGao s(Se"Hex )4, Cu; oIng sGagsSep 37.9 38.6
[Cuy.olng:Gao(Se"Hex)4]n Cu; olng3GagsSe, 38.0 37.9
[CuyoGaro(Se"Hex)sl CuyoGayoSer 38.3 36.9
[CugssIng /Gaga(Se"Hex)s 85]n Cugsslng -GagsSe, 40.7 39.8
[Cug.oolng 7Gags(Se"Hex)s.00]n Cug.o0lng7Gag3Se; 40.3 39.6
[Cuyoln; o(Se"Bu)ila Cuyoln oSes 47.2 46.5
[Cuy 0lng7Gay3(Se"Bu)sla Cuylng,GagsSe, 43.8 45.5
[Cuy.0Gayo(Se"Bu)dly Cui.0GagoSey 43.8 43.0
[Cuyoln; o(Se"Bu)y(SeBu)], Cuyoln; oSes 48.8 46.6
[Cu.oIngoGag 1(Se"Bu)i(Se Bu)l, CuyoIngsGag,Ses 493 46.2
[Cu; oIng.75Ga0,5(Se”Bu)y(Se'Bu) ], Cuyolng 75GagosSe; 47.3 45.7

97




Agl. 01n0. 3Ga0. 75e2 50.6 47.5 rAgi.oillo.7Ga0. 3(SesBu) 4.0l n
Agl.01110. 7Ga0. 35e2 50.5 48.7 [Agl.olno.5Ga0.5(Sesth.) 4.4,

Agl. 01n0.wQC201138e3550. 5 48. 1 [ Agl. ol no. 7Ga0. 3( SesBu) 3. Op&aiBa) 1044054

Agl. 01n0. 7Ga0. 35e2 50.5 47.5 [ AgLol ni.o(SenHex)dn Agi.ohi LO5e2 44.5 43.3
[ Cu0. 5Ago. 51 n1 o(SesBu)4]n CL10.5Ag0. 51 111. 05e2 49.6 48.1
[Ctio.7Ago.iino.7Gao 3( S esBl1.)3.8]1 CL10. 7Ago. 11110. 7Ga0. 3Se2 51.0 47.2

[ Cu0. 8Ago. 2InT o(SesBu) 4] n
TGA
Polymeric Molecular Precursor Material Target Yield | Target %
%
[Cuy.0Ine,Gag3(Se"Bu)i(Se'Bu) ], Cuy 0lng,GagsSe; 49.3 45.5
[Cu 0Ing sGag 5(Se"Bu)i(Se'Bu)], Cuy olng sGagsSe; 46.9 44.8
[Cu, oIny :Gag A(Se"Bu)i(Se'Bu)], Cuy 0lng3Gag;Se; 48.5 44.1
[Cu; oIng1Gag o Se"Bu)s(Se'Bu)], Cu; olng1GageSe, 44.2 43.4
[Cuy.0Gaio(Se"Bu)i(Se'Bu)l, Cu;,0Gay0Sey 45.0 43.0
[Cug.sslng ;Gags(Se"Bu)s(SeBulossln | CugssIng,GagaSe, 46.4 46.1
[Cug.00In0,Gao3(Se"Bu)(Se'Bu)g.ooln Cuygoolng 7GagsSer 46.5 45.9
[CuyoGaio(Se'Bu)sols Cuy0Gag 0Ser 46.7 43.0
[Cug.0sGay o(Se'Bu)sosla Cuy0Gay oSe;y 46.9 43.1
[Cu oIn; o(Se’Bu)(Se'Bu)], Cuyolng oSe; 45.4 46.5
[Cu, 0Ine7Gag3(Se’Bu)s(Se'Bu)], Cu; 0Ing;GagsSe; 42.8 45.5
[Cu; 0lny sGag 5(Se’Bu)s(Se'Bu)], Cuy oIngsGagsSe; 41.3 44.8
[Cug gsIng Gag3(Se’Bu)(Se'Bu)gss]n Cugsslng -GagsSe, 44.2 46.1
[Cu; oIng o(Se(2-EtHex))4], Cuyln;oSe, 35.9 35.5
[Cuj oln; o(SePh):(Se"Hex)], Cuyoln oSey 43.4 41.5
[Cu, oIng oGag (S Bu)sl, Cuy0lngoGag 1S, 46.2 44.8
[Cu oIng 75Gao25(S'Bu)sln Cuy olng 75Gag25S, 45.3 44.1
[Cu1.0Garo(S'Bu)la Cu1.0Ga;0S; 41.0 40.3
[Cuy oln; o(S'Bukla Cuyolng oS, 46.0 45.0
[Cu;.0Ga; o SED(S'Bw)], Cuy0Ga; oS, 49.8 48.6
[Agioln; o Se’Bull, AgiolngoSe; 49.8 49.6
[Agoelnio(Se’Bu)ssly Agoelng oSey 50.3 50.4
[Agooln; o(Se’Bu)ssly Agoolng oSey 50.3 49.8
[AgisIn;o(Se’Bu)ys]y Agy slng oSey 51.0 48.9
[Agiolnio(Se’Bu)i(Se'Bu)], AgolnioSe; 50.8 49.6
[Ag0Ga; o(Se’Bu)n Ag; 0GageSe; 49.9 46.5
[AgosIng,Gag 2(Se’Bu)sgla Agoslng,GaggSe, 49.7 47.3
[Agi.oIngaGagASe’Bu)sgla Agiolng:GagSe, 50.6 47.5
[Agi.0lno,Gags(Se’Bu)aoln Agj olng ,GagsSe, 50.5 48.7
[Ag10IngsGag 5(Se’Bu)sola Agy olng sGagsSe, 50.5 48.1
[Ag; oIng,Gag3(Se’Bu)so(Se'Bu)], Agy olng ,GagsSe, 50.5 47.5
[Agi.olnio(Se"Hex)s]n Ag; olny oSe; 44.5 43.3
[CuosAgosIng o Se'Bulsl, CugpsAgosing oSe, 49.6 48.1
[Cug7Ag0 1IN 7Gay3(Se’Bu)s sy CugsAgo1IngGagsSe, 51.0 47.2
[CugsAgooIn o(Se’Bu)sla CugpgAgoalng ¢Se, 46.2 47.2
[Cuo2AgosIn; o Se'Bulsl, CugrAgosing oSe, 50.2 49.0
[CugsAgosIng sGay s(Se’Bu)], CugsAgoslng sGagsSer 47.8 46.5
[CugssAgo1Ing,Gaos(SeBu)ios|n CuogsAgoIng,GagsSe, 46.8 46.1
[Cug sAgo.sIng;Gags(Se’Bu)yn CugsAgoslng ,Gag3Se; 48.5 47.2
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Clio gAg0. 21 111. 05e2 46.2 47.2 [Cu0. 2Ago. 81 nl o(Sesth.)4]n

CL10. 2Ag0. 81 111. 05e2 50.2 49.0 [ Cu0. 5Ago. 51110. 5Gao 5( SesBu) 4] n

Cu0. 5Ago. B0 2011BEB555e2 47. 8 46.5 [ Cul. 85AgoAhl 0. 7Gao. 3@BEABIBIDG{054

Cuo. 85AgoAll 0. 7Gao. 3Se2 46.8 46.1 [ Cu0. 5Ago. 51110. 7Gao 3( S esBli)4]n
CL10. 5Ago. 51110. 7Ga0. 3Se2 48.5 47.2 WD 2011/ 017235PCT/ US2010/ 044054

Pol ynmeric M

| ecul ar Precursor

Mat eri al

Target TGA Yield % Target %

[ Cu0. 8Ago. 05

I'no. /&A0. 3( SesbUs. 8ol
TGA
Polymeric Molecular Precursor Material Target Yield | Target %
%
[CugsAgo.0sIng ;Gags3(Se’Bu); ss]n CugsAgo.05Ing,Gag3Se; 46.0 46.3
[Agi oAl o(Se*Bu)i]a Agi oAl oSe; 41.4 43.2
[Agy oIng-Alys(Se’Bu)l, Agi olng-AlysSe; 50.3 47.9
[Cug.oGag Aly3(Se*Bu)i ola CugoGag-Aly:Se, 41.0 42.2
[CuyoAlo(Se’Bu)ila CuyAl,¢Se, 38.2 39.2
[Cuo.sAgo sTng ALy s(Se’Bu)ul, CuosAgosIngsAly;Se, 46.0 46.3
[CugrAgoasIng sGagsAlgs(SeBu)sosle | CgrAZessIng:GagsAly:Se, | 41.8 44.2
[CugolnggAly»(Se’Bu)s o], CugolngzAlp,Se, 46.5 45.6
[CuysTn;o(Se"Bu)y(Se'Bu), 3] CupsIn oSea s 47.5 46.9
[Cuy.Ing o(Se"Bu)y(Se'Bu), 1] CuyiIny oSeros 46.5 46.7
[Cuy.1Ing 65Gagos(Se"Bu)s(Se'Bu) ], Cuy1Ing6:GagsSes o5 46.1 45.5

EXAMPLE 24

Controlling the stoichiometry of the monovalent metal atoms of polymeric precursors

Fig. 14 shows results of methods for preparing polymeric precursor

5 embodiments (MPP) of this invention having predetermined stoichiometry which are

10

15

useful for preparing AIS, AIGS, CAIS, and CAIGS materials of the same
predetermined stoichiometry. The x-axis of Fig. 14 refers to the weight percent of
atoms of a particular kind, either Ag or Cu, in the monomer compounds used to
prepare the polymeric precursor. The y-axis refers to the weight percent of atoms of a
particular kind in the synthesized polymeric precursor compounds. Atom
concentrations were determined by the use of ICP. The linear correlation observed in
Fig. 14 for several different polymeric precursor compounds showed that the
stoichiometries of the polymeric precursors were precisely controlled by the quantities
and compositions of the monomers used to make the polymeric precursors. The linear
correlation observed in Fig. 14 also showed that methods of this disclosure can be

used to make precursor compounds having a range of arbitrary stoichiometries.
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Cuo8Ago. 051110. 7Ga0. 3Se2 46.0 46.3 [Agi . oAl i n(SesBu)dn Agl. 0All. 05e2 41.4
43. 2 [ Agl. ol no. 7A10. 3( SesBu) 4] n Agl. 01110. 7A10. 35e2 50.3 47.9 [Cu0. 9Ga0. 7A1
.3 (SesBMP200ja723€L.10. 9Ga0. 7A10. 3Se2 41.0 42.2 [ Cui . OAPCTASSESBw0dN

Cul. OA11l. 05e2 38.2 39.2 [Cu0.5Ago. 51 no. 7A10. 3( SesBu) dn

Cu0. 5Ago. 51110. 7A10. 3Se2 46.0 46. 3

[0.1.0. 7Ago. 251 no. 3Gao. . a. A10. 3(SesB03. 95] n

0.1.0. 7Ag0 R SGam ALY . 35e2 41.8 44.2 [ Cu0. 9l no. 8A10. (Ses131.)3.9]n

1. A process for making a photovoltaic absorber layer having a
predetermined stoichiometry on a substrate, the process comprising depositing a
precursor having the predetermined stoichiometry onto the substrate and converting

the deposited precursor into a photovoltaic absorber material.
2. The process of claim 1, wherein the precursor is a polymeric precursor.

3. The process of claim 1, wherein the predetermined stoichiometry is the

stoichiometry of a monovalent metal atom or a Group 13 atom.

4. The process of claim 1, wherein the predetermined stoichiometry is the

stoichiometry of Cu, Ag, In, Ga, Al, or any combination thercof.

5. The process of claim 1, wherein the precursor has a predetermined
stoichiometry according to the empirical formula
(CuixAgo)u(Iniy-1GayAl)y((S1-.Se,)R)w, wherein x is from O to 1, y is from O to 1, tis
from 0 to 1, the sum of y plus tis fromOto 1, zis from O to 1, uis from 0.5 to 1.5, v
is from 0.5 to 1.5, w is from 2 to 6, and R represents R groups, of which there are w in
number, which are independently selected from alkyl, aryl, heteroaryl, alkenyl, amido,

silyl, and inorganic and organic ligands.

6. The process of claim 5, wherein x is from 0 to 0.5, y is from O to 1, tis
from 0 to 1, the sum of y plus tis fromOto 1,z is from O to 1, uis from 0.7 to 1.2, v

is from 0.9 to 1.1, and w is from 2 to 6.

7. The process of claim 5, wherein x is from 0 to 0.3, y is from O to 1, tis
from 0 to 1, the sum of y plus tis fromOto 1, zis from O to 1, uis from 0.7 to 1.2, v

is 1, and w is from 3 to 5.

8. The process of claim 5, wherein x is from 0 to 0.2, y is from O to 1, t is
from 0 to 1, the sum of y plus tis fromOto 1, zis from O to 1, uis from 0.7 to 1.2, v

is 1, and w is from 3.5 to 4.5.
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Cu0. 911-10. BAI 0. 25e2 46.5 45.6 [Cul. 31 n1 o(SenBu) 3( Set BO1. 31,

Cul. 31 nl. 05e2. 15 47.5 46.9 [CuLilni o(Senth.)3(SetBu)l 1.1,n

Culll nl. 080200514855 46. 7 [ CuLi | no. 65Gao. 25( SenBu) 3( Set BUTAS2010/084054
Cl-11.11110. 65Ga0. 255€2.05 46.1 45.5 EXAMPLE 24 Controlling the
stoichionetry of the nonoval ent netal atons of polyneric precursors Fig.
14 shows results of nmethods for preparing polynmeric precursor 5 enbodi nents

(MPP) of this inventirgdpRast DecIRhedgihefel MeFrestrQirGN OpRididmmruch are useful
for preparing AIS, AIGS, CATS, and CAIGS materials of the same

pr edet er nmi néeiclieBetehpiermdpioyoltagybsqiberanagerifl sqtpeied fiom £EY, 49515t he wei ght
percent of a A8, GATRRY, bi(ﬁ&é,@&ldﬂs"ﬁd &libhgr Ag or Cu, in the nononer

conpounds used to preparé the polyneric precursor. The y-axis refers to the
wei ght percent of atoms of a 10 particular kind in the synthesized

pol ymeric precurlfor &BaPOesiast clamomWhsistedie CaMOBTECHELE deldriticded by t he
use of | CP.j,Thend doRfpti&Pr rel ation observed in Fig. 14 for several

di fferent polyneric precursor conpounds showed that the stoichionmetries of
the polyneric precursors were precisely. controlled by the quantities and
conposi ti ons of ltthe ABnBitews ofdem b ovhaigiethe Apoping rdPrebypweiigsors. The

linear 15cogtg! @htNsPRIQRHYEELD, Prky Groidds, dhintnS ROVRGhNAS, ili®Ehods of this
di scl osure can be used 'to nmake precursor conpounds having a range of
arbitrary sRrgitigsiasreseli¢tesinting\mMKPringnGiAPNEmg Samp printing, transfer

printing, pad printing, flexographic printing, gravure printing, contact printing,

reverse printing, thermal printing, lithography, electrophotographic printing,

electrodepositing, electroplating, electroless plating, bath deposition, coating, wet

coating, dip coating spin coating, knife coating, roller coating, rod coating, slot die

coating, meyerbar coating, lip direct coating, capillary coating, liquid deposition,

solution deposition, layer-by-layer deposition, spin casting, solution casting, and

combinations of any of the forgoing.

12. The process of claim 1, wherein the substrate is selected from the
group of a semiconductor, a doped semiconductor, silicon, gallium arsenide,
insulators, glass, molybdenum glass, silicon dioxide, titanium dioxide, zinc oxide,
silicon nitride, a metal, a metal foil, molybdenum, aluminum, beryllium, cadmium,
cerium, chromium, cobalt, copper, gallium, gold, lead, manganese, molybdenum,
nickel, palladium, platinum, rhenium, rhodium, silver, stainless steel, steel, iron,
strontium, tin, titanium, tungsten, zingc, zirconium, a metal alloy, a metal silicide, a
metal carbide, a polymer, a plastic, a conductive polymer, a copolymer, a polymer
blend, a polyethylene terephthalate, a polycarbonate, a polyester, a polyester film, a
mylar, a polyvinyl fluoride, polyvinylidene fluoride, a polyethylene, a polyetherimide,
a polyethersulfone, a polyetherketone, a polyimide, a polyvinylchloride, an
acrylonitrile butadiene styrene polymer, a silicone, an epoxy, paper, coated paper, and

combinations of any of the forgoing.

13. A photovoltaic absorber material made by the process of any one of

claims 1-12.

14. A photovoltaic device made by the process of any one of claims 1-12.
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1. A process for meking a photovoltaic absorber |ayer having a
predeterm ned stoichionetry on a substrate, the process conpri sing
deposi ti myoaopreesssor havi ng the predeterm ned stoi chi @cgtusgolonymse he
substrate and converting the deposited precursor into a photovoltaic

absorber materi al . 2. The process of claim1l, wherein the precursor
is a polyneric precursor. 3. The process of claim1, wherein the
predet er mi ned stielchm%taée@yfoiﬁrowtaﬁlg%t&irem@%ttain@ism@ugag@val ent netal atom
or a Group 13 atom pr ocess claiml, wherein the

predet er m dé@t%/@bqlemvwwdmstq%mslﬁdp éwvmglityntefele@awalmgergy n, Ga, A, or
any conbi nation thereof 5. The process of claim1, mherein t he

precursor has au@r ed%&éé@sﬁf@@nﬁhﬁ% Phaamﬂaw aBCHO HyBohavhgtahe enpiri cal
formula (CQui _xAgx).(Ini_y tGayAlt)v((Si zSez)Rw, Mme1X|sHom0tol

y is from aor?ft?teimnte P9ichiogieiry on @ SUbstetRNS pIRFSH CYMMISINg t is fromO to 1, z
is fromO to 1, (b d&vifin® Qleyi‘élelﬁ@pr%mésorYla\hl?g fhE BISermihQ oichioédys from 2 to
6, and R represents R groups, of there are w in nunber, Which are

i ndependent | y sébbﬁﬂedmgﬂ©W$§WRyl aryI heteroaryl, al kenyl, amdo, silyl,
and inorganic a process of clain15
wherein x is frg&i%{)?sgtm&sg%Igryg/@qir?%ﬁiprrltgr%leosu?%&e IIQPI s from0O to 1, the sum of
y plus t is frorlGheringlthe substsaté aterte@pdragurt,of fromsbbutdM) OCTo aboutl. 2, v is from

0.9 to 1.1, _ang .w._i r . e aim5, wherein
0010, L LoB i Bk LBIAGE e producipl B, BHRSEGieL 2 m S wher ety
is from 0 tlevihg azhiclenchy &ifrdn §.61 f, 100 misrofeem 0. 7 to 1.2, v is 1, and wis
from3 to 5. 8. The process of claimb5, wherein x is fromO to 0.2,
y is fromO to t . fromO to 1, z
is fromO to 1, ]1f7 'T? %JOQ%ng{IQm 6 Bvﬁgreii%g s?tgstYat Isﬂéatédfdtgm 35 1t0 4.5 VO
2011/017235@ﬁm%mﬁmﬁmmmmw&©am00°Ct0ﬂm®t5ﬂhﬁ3prb@msbmmﬂo@ﬂawmm@n wherein the
precursor has .a predeterm ned stoichionetry of a photovoltaic absorber
material selectéd fromCS, CGS, AS AGS CATS CAIGS, CGAS, Al GAS and
CAl GAS. 10. The process of claim1, wherein one or nore precursors
are deposited in8an iThkpwosspobkilaimolp, wherein the firécursPhbasprigedessmakd cl ai m 1,
aher el N, e dERaRLE] MR IORE R RRIBH P, SPray coaling. spray

deposi ti on, g, SCreen printing, inkjet printing,
aer osol jeufmtuﬂ&hﬁghwﬁthp«SnﬁanhuMhmBmmumﬁbmg)mStﬁﬂvhnﬂﬂﬂihm@, transfer

printing, tin ra rintin ravur g, contact
printing, %P'#?%@iﬂéqﬁtﬁgi %t |h%§£ %8§i§%ﬁ§ 3%

e: ect r olohot@glrom]tcmi ) piia?tsifmg; 2 el%eﬁdmd@mfntt R@@upsloewhroppm@é d(tjr_B@}J, in t

el ectrol ess at i a ition oat i ng, coatipg, .dip.coating
St coat T MR MGy e M it et e e giRare  conti ng,
meyer bar cogllyi, Agd inbiganidiafi®6izai®Agdndg, capillary coating, |iquid deposition,
sol ution deposition, |ayer-by-Ilayer deposition, spin casting, sol ution

casting, and conhi nations of of, the for. e process of
Craim e wher o 10t o ThoaSeRae M GebBtpad F RBM RO Sy UBP A

semni conduct i@ fromd) tdethé ssrﬁrasi‘g@nﬁurstfwm 0 & 1,izGOfom 9ad Il j wimfidmIENtodes,

i nsul ators, glass siIicon dioxide, titaniunidioxide,

zi nc oxi de,V #VW%%%“h ¥ g@”s a netal foil, nolybdenum al um num
beryllium cadm um cerium chrontun1 cobalt, copper, gallium gold, |ead,
manganese, nDIybﬂenuﬁhepkﬁﬁebfdmﬁiMﬁdhaﬁmprabmﬂuﬂw3rb@nﬁMﬂDtdhodium

silver, stainless st i ron, ontjium_ tin, um . tungsten,
e Bi T contam 0 s InBeaimat Fay bR afo GO LB b et Carth e o

polyner a plsasiddow issfran@Best i ve pol yner, a copol ymer, a pol yner bIend, a
pol yet hyl ene terephthal ate, a polycarbonate, a polyester, a polyester film

a nylar, a polyv inyI | uori de, pol Iiden fluoride, therne a
pol yet heri m de, poIb%Fﬁ@?%ﬁf@%Wgﬁ’ %' P%BP8&%Yldﬁﬁgﬁy¥ﬁi

pol yvi nyl Chils(ﬁfohﬁﬁto 1aﬂ1ea@rmot‘9@iutstislfa)nb@toaﬂlzemﬁorﬁt)yds €NEis POhYITET, 1.8 SI I l cone,
an epoxy, paper coat ed paper, and conbi nations of any of the forg0|ng

13. A photdWEItﬁF@”&H@%?EéﬁoﬁéteriaI made by the process of any one of
clainms 1-12. 14. A photovol taic device nade by the process of any
one of clains 1-12. WO 2011/017235PCT/ US2010/ 044054 15. A process for

provi ding el ectrical power conprising using a photovoltaic device according
to claim14 to convert light into electrical energy. 16. A process for
maki ng a photovol taic absorber |ayer Waving a predeterm ned stoichionetry

on a substrate, the process conpri sing: (a) providing a polyneric
precursor having the predeterm ned stoichionmetry; (b) providing a
substrate; (c) depositing the precursor onto the substrate; and (d)

heating the substrate at a tenperature of froniabout 100 C to about 650 C
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18. The process of claim 16, wherein the precursor has a predeterm ned
stoichionetry according to the enpirical fornula
(Cui _xAgxyohmi019236GayAl t ) v((Si _zSez) R),, wherein x is PCOMSQMWO4DS4Y is
fromOto 1l, t is fromO to 1, the sumof y plust is fromOto 1, z is
fromO to 1l, uis from0.5to 1.5 vis from0.5to 1.5 wis from2 to 6,
and R represents R groups, of which there are win nunber, which are
i ndependent |y sebect gge hio0s @f&‘léﬂnI@GVM!:remh)%E@fﬁ@ire)blrecuﬁbllﬁ%WAe oﬁt@H do, silyl,
and inorganic and organic |igands. he process of claim 18, wherein x is
fromO to OHBHU%WW§mPﬁ6W1O to 1, t |s fron10 to 1, the sun1of y plus t is
fromOtol, zis fromOtol, uis from0.7to 1.2, vis from0.9to 1.1,
and wis from 280 6Thefrodfe oPHARERS whkrefltRd dBpéﬁtvmg/‘!'@@&%'Hﬂ/ spraymef rom 0 to
0.3, yis fromOto 1, t is fromO to 1, the sum of Plust |sfron10to
1, z is froWay o#ing, sniay deppyienn. eray REOIYSis priptings sereengiigting. itkidtr om 3 to 5.
21. The pr 0Cﬁﬁﬁngfae%@hépp%ﬁtmmrﬁfnﬂng( ]ét?rlflﬁmtgnﬁ ?rnqm% tréﬁsfe? fromO to 1, t
is fromO to ‘the sum of romo z1s fromOto 1, uis
fromo0.7 toprmltlzg pad pynting, ﬁﬁ@gmhlg pfm@m gragure prigfing, CopBCt printing,
2011/ 017235R 20L /Q%ﬁ m 16, wherein
one or nore g%égﬁrsogg %fe gng 1?%égﬁhwggﬁuﬂﬁﬁﬁﬁﬁ%hﬁﬁnﬁﬁ 23. The
process of Qid:@llompbﬁtln&h@pmmatmlgeelmb& platmg, bash dapositiy csapmgy\iveng, spray
f(r)laklj[ LPgbr ISIEI) oﬁﬁr&dﬁ% (EC?%& gbm ?c%lg}? k?f’fg Qéa}/lﬁ%%ollep 53{[]&1!% 94 cc?a%l r%lﬂ)t ?{e:,lgt I gtgérrp
printing, teoatsgd, erreyq:rbarrc‘oatng, 11gndnmbcpcaanng, ragqﬂldry ea(amlgg,dplluldodepoditimn ng, , gravure
printing, contact rlntln ver
P! hogr aphy P8 LeRE{Rb B BBV EPrRony et STt g |
e!ectrop!atmm@mmﬁbﬁﬂﬁm@ye&ﬁeﬁ#@ﬁmpg, bath deposition, coating, wet coating,
glp coatlng spi n goatlngt kni fe coatlngt roIIer coatlnlgI rod co?tlng sl ot
i e coating, meyerbar,coatin | ec My | ry.coating,
| i quid depositi éﬁ sl(c)F ’on %Cl%lgp]t()l(’jghere]lné eesru ra 155%$Cte efgo(%lthtel on, spin
gzst*gg, sqhuMJmh?ﬁambnmgunﬁnﬁmabﬁhnnﬂﬁu@ms%b&magyhmﬁambﬂdéorgo;ng ]

e process O rei.n the. substra s selecte romthe
group of a '§¥ t?:%rﬁiﬁé’tsblfcon gf%@g tHaIE‘étﬁld%% ledlilco?m&esf 'l?odldﬂmﬁ‘é%ql?t?}m ar seni de,
i nsul at or s, a @k@B/Kil, rﬁblb/bdb@mmdalmxindﬁh bdriltiam] sadmilindXbithen, chtontiu@xdodals, Ssilicon
nitride, a netal, | f bd m alum num beryllium cadm um
cerium chrRPUng! 1&%&9@ le&fgﬁﬁeganeﬁ%HOﬁ&H?nugbpﬁﬂéla Redlgdiv e,

nol ybdenum rhahigkehodiRal diReh, Wainlded Aéd R, irbA&RbAtMIm, HOEh A, tShdswar ,
stai nl ess steel, steel, iron, strontium tin, titanium tun sten, zinc,

Zi rconi um  ANGrETGNIugY. |a<5@etala11%9awtaéﬁl|hpléf> demetd cagbidsy ae%r%?rd%plaﬁlcpm ymer, a
plastic, a CRABEYCE hYSmBOL YEPRIyme Wﬁéf'ﬁfe‘hd aapomkwre%e t&é&malateaapol yet hyl ene

terephthalate a pol ycarbonat’e, a pol yester, yester film a nylar, a
pol yvi nyl mqhmarb@@ate BA1OYgHteRy B p@lléeﬁéerﬁ‘lllrnmmmlér aézogmnybfﬂmlﬁ@ne a

pol yet heri rgﬁldé}fé‘ HRHAER ?Uiyfeﬁ’iné glet!ﬁ@ﬁrﬂf% o‘i’}%ﬁlersﬂlf&@ X' mde, a

pol yvi nyl chl ori an acrylonrtr di ene styrene a silicone,

gn epoxK, pmbmtheﬂémgcbqbam&e;ammvmﬁdﬂ@m thgrlmltrm]@lt@henph‘grefngrgm ng.
>. A phot %O%I}I&I §s1ﬂ&§gra§1%5mﬁa%§)e} %{)at&g%gelbé(ncf&ﬁlb aﬁgl?sso?ﬁg; oftfy one of

clains 16- evice na process of any
one of cl aifusgoig- 24. 27. A process for providing electrical power
conprising using a photovoltaic device according to claim26 to convert

light into electyicaly FH30VE¥aic absorber material made by the process of any one of

claims 16-24.
26. A photovoltaic device made by the process of any one of claims 16-24.

27. A process for providing electrical power comprising using a

photovoltaic device according to claim 26 to convert light into electrical energy.
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