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INDIUM PRECURSORS FOR YAPOR DEPOSITIONS

Cross Reference o Related Applications
{0001} The prasent application claims the benefit of U.S. Application No.17/063,768
filed QOctober 6, 2020, being incorporaied herein by refersnce in its entirety for all

QUIPOSes.

Technical Field
[0002] The present invention relates to indium (Il)-containing fitm forming compositions
comprising In(lih-containing precursors that contain halogens, methods of synthesizing
them and methods of using them to deposit the indium-containing films andfor indium-
containing alloy films, in particular, to the In(lii}-containing precursors containing chlorine
with nitrogen based ligands suitable for vapor phase depositions (2.g., ALD, CVD) of the
indium-containing films and/or indium-containing alioy films.

Background

[0003] Indium-containing alloys, thin films, and nanostructured materials are highly
versatile optosiectronic materials widely applied in both research and industry, in particular
the semiconductor industry, with applications in many areas including eleclronics and
photonics. For example, InGaAs is believed to be one of the stronger contenders for the
future replacement of silicon in CMOS systems. InGaAs is also a key compaonent of optical
fiber {elecommunications, serving as a high-spaed, high sensitivity photodetactor. Despite
the impressive physical properties of indium alloys and, indeed, all group -V alloys, these
materials are hamstrung by two key challenges. The synthesis of these materials is either
limited to slow growth processes, such as molecular beam epitaxy, or by metalorganic
chaemical vapor deposition, which requires enormous amounts of material and challenging
engineering to achieve throughput, uniformity, and reproducibility. The next challenge
refates spacifically to the semiconducior industry. Combining group -V semiconductors
with silicon is extremely challenging and has prevented the rapid development of high-
performance devices. The development of new precursors for group HI-V alloys, including
indium, which are compatibie with high-throughput production and ease of device integration
is highly desirable {o multiple industries.

[0004] Homoleptic indium precursors have heen investigated for deposition processes.
For example, Kim et al. ("Obtaining a Low and Wide Atomic Layer Deposition Window (150
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275°C) for InzO; Films Using an In Amidinate and H0", Chem. Eur. J. 2018, 24, 9525)
disclose two new In complexes for ALD  of InQs  including  fris(NN-
diisopropylformamidinato)indium(lil}. Results are compared {0 homoleptic alkyl and arvi
indium complexes, (CHaCHa):in, {CHslsln, and Cpin (Cp = cyclopentadienyl).

[0008] US 20130273250 to Fujimura et al. discioses (Amide Amino Alkane) metal
compounds and a method of manufacturing metal-containing thin films using said metal
compounds, in which a series of novel homoleptic amide amine alkana metal complexes
are used for chemical vapor deposition (CVD). The disclosed metal complexes include
lithium, sodium, magnesium, manganese, iron, coball, nickel, zinc, viirium, lanthanum, and
indium complexes. Specific examples include

which was isolated as a semi-solid wax that distilled under reduced pressure (130°C, 13.3
Pa).

[0006] Gebhard et al. discloses (“indium-tris-guanidinates: A Promising Class of
Precursors for Water Assisted Atomic Layer Deposition of In,Os Films,” Dafton Trans, 2014,
43, 837 syntheses of two homoleptic indium-tris-guanidinate complexes. The compounds
were isolated as solids and used for indium oxide ALD processes.

[0007] McCarthy et al. ("Oxygen-Fres Atomic Layer Deposition of Indium Sulfide”,
ACS Appl. Mater. Interfaces 2014, 6, 12137} discloses indium (H1) amidinate complexes
used for ALD of indium sulfide using hydrogen sulfide.

[0008] Heteroleptic indium precursars have been investigated for deposition
processes. Examples of heteroleptic indium () precursors included alkyl ligands,
acetate and hydroxyl ligands. For example, Low-temperature growth of indium oxide thin
film by plasma-enhance ALD using liguid dimethyl(N-ethoxy-2 2-dimethylpropanamido)
indium for high-mobility thin film transistor application. Kim et al.,, ACS Appl. Mater,
Interfaces 2016, 8, 40, 26924,

00091 US 20186017485 to Martinson et al. discloses a method of atomic layer
deposition of indium suifide films using a syntheasized indium precursor and hydrogen
sulfide. US 20160326008 to Koh et al discloses details heteroleptic Indium (i)
precursors  bis{trimethyisilyllaminodisthylindium  and  dimethyl(S-dimethyiaminopropyl)
indium which are liquids at room temperature.

(0010} Gebhard et al. {(New amidinate complexes of indium(ill), Promising CVD
precursors for transparent and conductive In=0s thin films, Daffon Trans., 2013, 00, 1-3)
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disclose details the synthesis of two new heteroleptic indium precursors: [InCl{amd),] and
IInMe{amd):]. However the chiorine-conmtaining precursor was only synthesized and not
used for deposition or investigated for its thermal properties.

o011} WO 2017083483 (US 20170137380) to Curley et al discloses details the
synthesis of dicarboxylate monohydroxyl indium precursors. Several examples of this
precursor being used for the solution phase synthesis of InP nanostructures are provided.
00123 Seki et al. (Indium tin oxide thin films prepared by dip-coating of indium diacetale
monchydroxide and fin dichloride, Thin Solid Films, 2001, 388, 22-28) discloses tin-doped
inz0s (ITO) films were prepared by the dip-coating method using an ethanol solution of
indium diacetate monochydroxide, In(OH){CH:COQO)2, and tin dichloride, SnClz 2H0, with 2-
aminoethanol (monosthanoiamine), HaNCHLOH.

(0013} Patton et al. {Chelating Diamide Group IV Metal Olefin Polymerization.
Organometaliics, 2002, 21, 10, 2145) discloses dichloroindium-ferd-Butyl-N.N'-
diisopropylamidinate was synthesized as an infermediate en route to indium-bridged
chelating diamide titanium compilex used as a catalyst for olefin polymerization. The indium
amidinate compound was isclated cleanly in 48% yield and characterized using 'H, "*C NMR
spectroscopy and HRMS.

{0014} WO 014620141 (US 20020008873A1) to Campbell et al. discloses a large range
of bridged Group 4 transition metal complexes. For those bridged group 4 transition metal
complexes that contain indium, dichloroindium-tert-butyl-A AN -diisopropylamidinate s
synthesized as an intermediate.

(001 5] Debnicke et al. (N, N, N'-tris(trimethyisilyl} as reagents in complex chemistry, J.
Organomet. Chem, 1988, 352, (1-2), C1) disclose dichioroindium-phenyl-N.A-
Bis(trimethylsilyhamidinate was synthesized as during a screen of the reaction of N, N, N~
fris{trimethyisilyl} organcamidines with main group and fransition metal halides. {solation or
characterization of the indium complex was not reported.

[0016] Kottmair-Maieron et al. (Monomeric dialkyl metal complexes of RM{NR12XR
type with M = aluminum, gallium, indium, thallium, x = sulfur, carbon and R, K" = alkyl and
siyl, Z. Anorg. Allg. Chem, 1891, 583, 111) disclose a series of group Hl compounds using
the amidinate scaffold were reported. The synthesis of dichioroindium-methyl-N A -
diisopropylamidinate was reported as a low melling solid and characterized by NMR and IR
spectroscopy; no further applications of molecules were reported.

{0017} Hwang et al. (J. Cryst. Growth, 1981, vol. 55, Iss. 1, 118-124) disclose that
indium trichloride acetonitrile adduct, InCla{NCCHs), combined with CuCIH{NCCHa}), as the
copper source (both dissolved in acetonitrile solvent, NCCH3), and hydrogen sulfide HsS, as
the sulfur source, was applied as precursor for the growth of CulnS: lavers on GaP

3



WO 2022/076521 PCT/US2021/053714

substrates by MOCVD. The precursor vapar generated by bubbling N through the sources
dissolved in acefonitrile.

Summary
0018} Disclosed is a method for forming an indium{lil)-containing film on a substraie,
the method comprising the steps of.
gxposing the substrate to a vapor of a film forming composition that containg an
indium{Hi}-containing precursor; and
depositing at least part of the indium(lih-containing precursor onto the substrate o
form the indium(lib-containing film on the substrate through a vapor deposition process,
wherein the indium(li)-containing precursor has the formula:
{8  [RON=C{RY)=N(R)linXz,
(RN === C(R®) === N(RARInX, or
[({(RIN===C(R®)===N(R*)) InX]o{-X)z,
wherein X is chosen from chlorine, bromine and iodine, preferably chiorine; R and R%are
each independently selected from a linear, branched or cydlic Cy to Cs alkyl, vinyl or aryl
groups or -SiR*R°R® wherein R*, R® R® are each independently selected from a linear,
branched or cyclic C 1o Cy alkyl, vinyl or aryl groups; R? is selscted from H or a linear,
branched or cyclic Cq to Co alkyl, vinyl or aryl group or -NR’R® where R7 and R® are each
independently selacted from H or a linear, branched or cyclic Cr {0 Ce alkyl, vinyl or aryl
groups. Under certain conditions when the disclosed In{lil)-containing precursors have
sufficiently small R, R? and R®, the structure may exist as the dimeric structure [{({R'jN===

By  [{{(RERHCIN=C(CROR'CRAR®-N(RINX,,
[(REIRIYCIN=C{CRRTCRR®)-N{RYaInX, or
[(((Rzﬁs}{“:}N=C(CR5R7EZR‘*R%—N(R“)}iﬁX}z(u—X}g,

wherein X is chosen from chiorine, bromine and iodine, preferably chioring; R, R?, R? R*
R® R and R7 are each independently selected from a linear, branched or cyclic Ci to Cs
alkyl, vinyl or aryl groups; R', R?, R® R* R® RPand R7 may also be ~SiR®R*R'® where RS
R® R'?are each independently selected from a linear, branched or cyclic Cy to Co alkyl, vinyl
or aryl group. Under certain conditions when the disclosed In(lil}-containing precursors have
sufficiently small R', R? and R?®, the structure may exist as the dimeric structure
H{{{RPRICIN=C{CRERTCRARD)-N{R X p-X)z,

©) H{RZRIIN-{CRORT),-C{RAR®)-N{R s,
{RERFIN(CRER),-C(RIR®)-N(RYLInX, or
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[{RERIN-{CRERT1,-C{RARZ-NIRHIINXJ2{1-X)2,
wherein X is chosen from chicoring, bromine and iodine, preferably chloring; R, R?, R?, R?,
RS R®and R7 are each independently selected from a linear, branched or cyclic Cy fo Cs
alkyl, vinyl or aryl groups; RY, R? R® R* R® R®and R" may also be -SiR¥R*R'® where R?,
R® R'are each independently selecied from a linear, branched or cyclic C1 to Ce atkyl, vinyl
or aryl group. For these in(lil) containing precursors, n = 1 or 2 will provide sither a 5-
membered or 8-membered matallacycle, respectively. Groups R® and R” on each C are not
required to be identical for structures where n = 2. Under certain conditions when the
disclosed In{ili)-containing precursors have sufficiently small RY, R?and R and n= 1, the
structure may exist as the dimeric structure [{{(R*RIN-{CRER7)-C(RRY)-N{R" N InX]2(pn-X)z,
(@) [(RYN===C{R}===C(RY===C(R®}) === N{R%)]InXz, or
[(RIN=2:C(R%) 222 C(R*) =22 C(R®) =2 N(R?)adnX,
wherein X is a halogen, preferably chioring; R', R?, R® R* and R are each independently
selected from a linear, branched or cyclic Cy to Co alkyl, viny! or aryl groups; RY, R?, R® R*
and R® may also be ~-SIRPR'RS where R®, R, R® are each independently selected from a
finear, branched or cyclic G, to Ce alkyl, vinyl or aryl group. Groups RY, R?, R? and R® may
also be selectad from fiuorinated linear or aromatic groups {e.g., CF3, m-{CFa)2-Cals, sic.).
Group R* may also be selected from halogens, such as F,
and
(8)  [N{(BIR'TRRIIRHInXz
wherein X is chosen from chioring, bromine and iodine, preferably chloring; RY, R? and R®
are each independently selected from hydrogen or a linear, branched or cyclic Gy to Cs alkyl,
viny! or aryl groups, R* is hydrogen or a linear, branched or cyclic Gy to Co alkyl, vinyl or aryl
group or a ~SIR*RPRY group wherein R®, R®, and R’ are each independently selected from
hydrogen or a linear, branched or cyclic C, {0 Ce alkyl, vinyl or aryl group.
The disclosed methods may include one or more of the following aspects:
e X being chioride;
¢ the indium{lili-containing precursor being [(EDQN==C{Me}===N{BW)]in{IiHiCly;

2==G{H) === N{iPN)inCll{(u-Chz;
= the indium{lih)-containing precursor being [{(EDN==C{nBu)===N{Bu}jin{iihCl;

e the indium(iil}-containing film being an indium oxide fiim, or a binary, temary and
quaternary indium alioy film;



WO 2022/076521 PCT/US2021/053714

*

[0019)

the indium{liD-containing film being & layer of, but not limited to, InGaAs, Iy (x=0.5
to 1.5, y=0.5 to 1.5), InSnO (ITO), InGaZnC (IGZO), InN, InP, InAs, InSb, In28s, or
O

the indium(iih-containing film being a pure indium (In{Q0)) layer,

the Indium-containing film containing a second element selected from P, N, S, Ga,
As, B, Ta, Hf, Nb, Mg, Al, &r, Y, Ba, Ca, As, 8b, Bi, Sn, Pb, Co, Zn, one or more
lanthanides, or combinations thereof;

the vapor deposition process being a ALD process, a CVD process or a combination
thereof;

the vapor deposition process being a PEALD process or a spatial ALD process;
further comprising the step of exposing the subsiraie to a co-reactant;

the co-reactant being selected from O, O, Ha0, NG, NoO, NOy, Ha0,, C radicals
and combinations thereof,

the co-reactant being Ca or O

the co-reactant being selected from NHa, NO, NoO, hydrazines, Nz plasma, NofH;
plasma, NHs plasma, amines and combinations thereof,

the co-reactant being NHa;

the co-reactant being Ns plasmas;

the co-reactant being treated by a plasma;

the substrate being a powder,

the powder comprising one or more of NMC (Lithium Nickal Manganese Cobalt
Ondde), LCO (Lithium Cobalt Odde), LFP {Lithium tron Phosphate), and other baltery
cathode materials,

the deposition pressura being held between about 10° Tor and about 100 Torr;

the deposition pressure being held betwsen about 1072 Torr and 100 Torr;

the deposition temperature being held between about 100°C and about 800°C;

the deposition temperature being held between about 150°C and about 500°C; and
the deposition reactor wall being heated from approximately 50°C to approximately
800°C.

Also disclosed i3 & method for forming an indium(ii}-containing film on a

substrate, the method comprising the steps of:

forming a chemisorbed and/or physisorbed film, on the surface of the substrate, of

an indium(lih-containing precursor having the formula:

(@) [(R)N===C(R%)===N(R})}inXs,
[(RN =22 C(RY) 2= N(RYJINX, or
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[({(RMN =22 C(R®) === N(RF)InXJa(p-X )z,

wherein X is chosen from chlorine, bromine and iodine, preferably chlorineg; R and R?are
each independently selected from a linear, branched or cyclic Cy to Cg alkyl, vinyl or aryl
groups or -SiR*RR® wherein R4 R® R® are each independently selected from a linear,
branched or cyclic Cy to Cs alkyl, vinyl or aryl groups; R® is selected from H or a linear,
branched or oyclic Ct 1o Ce alkyl, viny! or aryl group or ~-NR'R® where R” and R are each
independently selected from H or a linear, branched or cyclic Cy to Co alkyl, vinyl or aryl
groups. Under certain conditions when the disclosed In{lih-containing precursors have
sufficiently small R', R? and R®, the structure may exist as the dimeric structure [((R")N===
C{RP) == NR*NInX]2(1-X)z,

by [{(RPRHCIN=C{CRORTCR*RY-N{R"}}inxXz
{{RIR*OIN=C{CROR'CRAR®)-N{RY]alnX
H{{{RZRHCIN=C{CRORTCR*RS)-N(R ) InX]o(u-X)z,

wherein X is chosen from chiorine, bromine and iodine, preferably chiorineg; R, R? R3 R4
R® R° and R’ are each independently selected from a linear, branched or cyclic Cy o Ce
alkyl, vinyl or aryl groups; R, R?, R® R4 R® RPand R7 may also be -SiRERR'® where R,
R®, R are each independently selected from a linear, branched or cyclic Cq to Cg alkyl, vinyl
or aryl group. Under certain conditions when the disclosed In(lil}-containing precursors have
sufficiently small R', R? and R? the structure may exist as the dimeric structure
H{(RPRHCIN=C(CRPRTCR*R®)-N{R" N nXJa{p-X)z,

{c) {RIRINHCRERT)-C{RAR%)-N(RN]InXo,
[{RPRIN-CRERT),-C{RAR)-N(RRInX, or
[{(RIRBIN-{CRERT),-C(RARE)-N(R NnX]a( X2,

wherein X is chosen from chicoring, bromine and iodine, preferably chloring; R, R? R? R?,
RS R®and R? are each independently selected from a linear, branched or cyclic Cy o Cs
alky!, vinyl or aryl groups; R*, R? RS R4 R® R® and R” may also be -SiR*R°R'C where RY,
R® R'are each independently selected from a linear, branched or cyclic Cy to Ce alkyl, vinyl
or aryl group. For in{lih) containing precursors, n = 1 or 2 to provide either a S-membered or
&-membered meataliacycle, respectively. Groups R and R7 are not required 1o be identical
for structures where n = 2. Under certain conditions when the disclosed In{llh)-containing
precursors have sufficiently small R', R? and R® and n = 1, the sfruciure may exist as the
dimeric structure [{((R*RINA{CROR")-C{RAR®-N{R NInX o u-X)z,

() [{R"IN===C{R?) 222 C(R*) === C{R%) === N{R%}}INX;, or
RNz O(R®) 2o C(R4)mza C(RP) = N{R A 2INX,

wherein X is a halogen, preferably chioring; R, R2 R3 R* and R® are each independsntly
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selected from a linear, branched or cyclic Cq to Ce alkyl, vinyl or aryl groups; RY, R?, R R?
and R® may also be ~SIR°R'R® where R®, R, R® are each independently selected from a
linear, branched or cyclic C to Ce alkyl, vinyl or aryl group. Groups R, R?* R® and R® may
also be selected from fluorinated linear or aromatic groups {8.qg., CFz, m-(CF3)»-CsHs, fc).
Group R* may also be selected from halogens, such as F,
and
(&)  [IN{(SIRTRZRIRYinX:z
wherein X is chosen from chiorine, bromine and iodine, preferably chlorine; R, R? and R®
are sach independently selected from hydrogen or a linear, branched or cyclic Cy to Ce alkyi,
vinyl or aryl groups, R* is hydrogen or a linear, branched or cyclic T4 to Ce alkyl, vinyl or aryl
group or a ~SIRRER7 group wherein R®, R®, and R7 are each independently selected from
hydrogen or a linear, branched or cyclic C, to Cs alkyl, vinyl or aryl group.
The disclosed methods may include one or more of the following aspecis:
s further comprising the siep of chemically reacting the chemisorbed and/or
physisorbed film comprising the indium{iii}-containing precursor with a co-reactant;
s the co-reactant reacting with the indium(lih-containing precursor in the chemisorbed
and/or physisorbed fiim producing & reaction product that forms the indium{iib-
containing film on the surface of the substrate;
e the co-reactant being selected from Oy, Qo HxO, NO, NoO, NO,, Ho(Qs, O radicais
and combinations thereof, and
= the co-reactant being selected from NHa, NO, N2O, hydrazines, Nz plasma, Noft
plasma, NHs plasma, amines and combinations thereof,
100207 Also disclosed is a composition for deposition of a film comprising an indium(lih-
containing precursor having the formula:
{8 [(RON==C{R)===N(RHInXz,

[((RON===C(R%)===N(R*))InX]a{u-X)2,
wherein X is chosen from chlorine, bromine and iodine, preferably chiorine; R and R are
each independently selected from a linear, branched or cyclic Cq to Co alkyl, vinyl or aryi
groups or ~SiR4R5R® wherein RY, R® R® are each independently selected from a linear,
branched or cyclic Cs to Ce alkyl, vinyl or aryl groups, R® is selected from H or a linear,
branched or cyclic Cq to Co alkyl, vinyl or aryl group or -NR'R® where R7 and R® are each
independently selected from H or a linear, branched or cyclic Cy to Cy alkyl, vinyl or aryl
groups. Under certain conditions when the disclosed In(lif}-containing precursors have
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sufficiently small R', R? and R?, the structure may exist as the dimeric structure [((RM)N===
C{RM)==N{R*)InX2{p-X)z,

(b)  [{(RERIHCIN=C{CRERTCRARE)-N(RHJINXz,
HR?PRIHYCIN=C{CRORTCRIR®-N(R"ainX, or
[{(RERJCIN=C{CRRTCRARZ)-N{R M InX2(1-X)o,

wherein X is chosen from chioring, bromine and iodine, preferably chioring; RY, R?, R3 R?,
R R®and R are each independently selected from a linear, branched or cyclic Cy fo Cs
atkyl, vinyl or aryl groups; R', R? R?* R* R® R®*and R™ may also be -SiR¥R*R'® where R?,
R® R'are each independantly selected from a linear, branched or cyclic Cy to Ce alkyl, vinyl
or aryl group. Under certain conditions when the disclosed In(lil)-containing precursors have
sufficiently small R', R? and R° the structure may exist as the dimeric structure
H{(RIRHOIN=C(CROR'CRIR%-N{R NHNX o 1-X)2,

{c) {RERHIN{CRER)-C{RIR®)-N(RINX;,
[{RER3IN-(CRPR T} -C{RAR®)-N(REInX, or
{(RFRCIN(CRERT - CRIRT-N(R NINX2{u-X)2,

whersin X is chosen from chiorine, bromine and iodine, preferably chioring; R', R?, R?, R*,
R® R® and R are each independently selected from a linear, branched or cyclic Ci to Ce
atkyl, vinyl or aryl groups; R, R? R R* R® R®and R7 may alsc be ~SIR®R*R'® where R
R® R*are each independently selected from a linear, branched or cyclic C to Cs atkyl, vinyl
or aryl group. For these In(lil) containing precursors, n = 1 or 2 will provide either a 5-
membered or 6-membered metallacycle, respectively. Groups R® and R” are not required to
be identical for structures where n = 2. Under certain conditions when the disclosed In{ii}-
cortaining precursors have sufficiently small RY, R? and R® and n = 1, the structure may
exist as the dimeric structure [((RPR3)IN-{CRR7},-C{RAR™-N{R NINX]z(u-X)2,

(d)  [(RYN===C{R3 === C(RY== (R === N{RHINXy, or
(RN ===C{R%)===C(RY)===C(R%) === N({R?)]2InX,

wherein X is a halogen, preferably chioring; R, R2 R® R* and R® are each independently
selected from a lingar, branched or cyclic Cq to Ce alkyl, vinyl or aryl groups; R, R? R® R*
and R® may also be ~SiR°R7R® where R® R7, R¥ are each independently selected from a
linear, branched or cyclic Cq to Cg alkyl, vinyl or aryl group. Groups R', R? R® and R® may
also be selected from fluorinated linear or aromatic groups {e.9., CFs, m-{CFa)2-CeHs, atc.).
Group R* may also be selected from halogens, such as F,

and

()  IN{(SIRRZRIRHINX;,
wherein X is chosen from chiorine, bromine and iodine, preferably chioring; RY, R?, and R3
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are 2ach independently selected from hydrogen or a linear, branched or cyclic Cq to Gy alkyl,
vinyl or aryl groups, R*is hydrogen or a linear, branched or cyclic C to Ce alkyl, vinyl or aryl
group or a ~SIRRR7 group wherain R®, R® and R’ are each independently selected from
hydrogen or a linear, branched or cyclic C to Ce alkyl, vinyl or aryl group.

The disclosed methods may include one or more of the following aspscts:

e X being chioride,

NEBWENGINGT, [PrN==CH===N{PHInHHClL, {EON==C(Ma)===N{EBulIn{(iihHCl;
or [{(iIPrN===C(nBu) === NP In{li)Cly;

¢ the indium{lili-containing precursor being [(EDQN===C{Me}===N{IBW]in{liHCly;

¢ the indium{lib-containing precursor being [(FriN==: CH=za= NP In()Cly;

» the indium{lil)-containing precursor baing [(EON===C(Me)===N{Bujlin(iHClz;

e the indium{lil-containing precursor having a purity ranging from approximately 83%
wiw {0 approximately 100% wiw; and

e the indium{lih-containing precursor having a purity ranging from approximately 89%
wiw {0 approximately 99.899% why.

Notation and Nomenclature
[0021] The following detailed description and claims utilize a number of abbreviations,
symbols, and terms, which are generally well known in the art. Certain abbreviations,
symbols, and terms are used throughout the following description and claims, and include:
[0022] As used herein, the indefinite article “g” or “an” means one or more.
{00231 As used herein, "about’ or “around” or "approximately” in the text or in a claim
means +10% of the value stated.
{0024} Az used herein, "room {emperature” in the text or in a claim means from
approximately 20°C to approximately 25°C.
[0025] The term “ambient temperature” refers 1o an environmeni temperature
approximately 20°C to approximately 25°C.
[0028] The term “substrate” refers {0 a material or materials on which a process is
conducted. The substrate may refer {0 a wafer having a material or materials on which a
process is conducted. The subsirates may be any suitable wafer used in semiconductor,
photovoltaic, fiat panel, or LCD-TFT device manufacturing. The substrate may aiso have
one or more layers of differing materials already deposited upon it from a previous
manufacturing step. For example, the wafers may include silicon layers (e.g., crystaliing,
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amorphous, porous, sfc.), silicon containing layers {(e.q., Si0z, SiN, SION, SICOH, eic),
metal containing layers (e.g., copper, cobalt, ruthenium, tungsten, platinum, palladium,
nickel, ruthenium, gold, efc.) or combinations thereof. Furthermore, the substrate may be
planar or patterned. The substrate may be an organic patterned photoresist film. The
substrate may include layers of oxides which are used as dielectric materials in MEMS, 3D
NAND, MIM, DRAM, or FeRam device applications (for example, Zr0; based materiais,
HIO, based materials, TiO; based materials, rare garth oxide based materials, ternary oxide
based materials, etc.) or nitride-based films (for example, TaN, TiN, NbN) that are used as
electrodes. One of ordinary skiil in the art will recognize that the terms "fim” or "layer” used
herein refer {0 a thickness of some material iaid on or spread over a surface and that the
surface may be a irench or 2 line. Throughout the specification and claims, the wafer and
any associated layers thereon are referred to as substrates,

[0027] The term “wafer” or "patierned wafer” refers {0 a wafer having a stack of films on
a subsirate and at least the top-most film having topographic features that have been
created in steps prior (o the deposition of the indium containing film.

[0028] The term “aspect ralio” refers 10 a ratio of the height of a trench {or aperture} o
the width of the trench (or the diamster of the aperture).

100291 Note that herein, the terms “film” and "laver” may be used interchangeably. it is
understood that a film may correspond to, or related (o a layer, and that the layer may refer
o the film. Furthermore, one of ordinary skill in the art will recognize that the terms “film” or
“layer” used herein refer to a thickness of some material [ald on or spread over a surface
and that the surface may range from as large as the entire wafer {0 as small as a trench or
a line.

[0030] Note that herein, the terms "aperture”, “vig”, “hole” and “trench” may be used
interchangeabily {o refer (o an opening formead in & semiconductor structure.

[0031] As used herein, the abbreviation "NAND" refers o a "Negative AND” or "Not
AND" gate; the abbreviation "2D" refers to 2 dimensional gale structures on a planar
substrate; the abbreviation "30" refers {0 3 dimensional or vertical gate structures, wherein
the gate structures are stacked in the vertical direction.

0032 Note that herein, the terms “deposition temperature” and "substrate temperature”
may be used interchangeabily. i is understood that a substrate temperaiure may correspond
{0, or be related to a deposition temperature, and that the deposition temperature may refer
o the substrate temperature.

100337 Note that herein, the terms “precursor” and “deposition compound” and
“‘deposition gas” may be used interchangeably when the precursor is in a gaseous state at
roomt temperature and ambient pressure. [t is understood that a precursor may correspond

11
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{0, or be related 1o a deposition compound or deposition gas, and that the deposition
compound or deposition gas may refer to the precursor,

[0034] The standard abbreviations of the elements from the periodic table of elements
are used herein. [t should be understood that elements may be referrad {0 by these
abbreviation (e.g., Si refers 1o silicon, N refers to nitrogen, O refers to oxygen, C refers to
carbon, H refers {o hydrogen, F refers o fluorine, efc)).

[00385] The unigue CAS registry numbers (Le., “CAS") assigned by the Chemical
Abstract Service are provided to identify the specific molecules disciosed.

[00386] Please note that the silicon-containing films, such as SIN and 5Ii0O, are listed
throughout the specification and claims without reference to their proper stoichoimetry. The
silicon-containing films may include pure silicon (Si) fayers, such as arystaliine 5, polysilicon {p-
Si or polyorystalling Si), or amorphous silicon; silicon nitride (SkNy layers; or silicon oxide (S0}
layers, or mixtures thereof, wherein k, |, m, and n, inclusively range from 0.1 t0 6. Preferably,
silicon nitride 18 SN, where Kand | each range from 0.5 to 1.5. More preferably silicon nitride is
SisNa. Herein, SIN in the following description may be used to represent SN containing
layers. Preferably silicon oxide is SO, where n ranges from 0.5 {o 1.5 and m ranges from
1.5 10 3.5. More preferably, silicon oxide is Si0s. Herein, SiO in the following description may be
used to represent SO containing layers. The silicon-containing film could also be a silicon
oxide based dielectric material such as organic based or silicon oxide based low-k dislectric
materials such as the Black Diamond I or Il material by Applied Materals, Inc. with a formula of
SIOCH. Siicon-containing film may also indude SiaOuN: where a, b, ¢ range from 0.1 0 8. The
silicon-containing films may also include dopants from group HL IV, Vand Vi, suchas 8, C, P,
As andfor Ge.

{00371 As used herein, the term “hydrocarbon” refers to a saturated or unsaturated
funclion group containing exclusively carbon and hydrogen atomas, As used hereain, the term
“alkyl group” refers to saturated functional groups coniaining exclusively carbon and
hydrogen atoms. An alkyl group is one type of hydrocarbon. Further, the term “alkyl group”
refers o linear, branched, or cyclic alkyl groups. Examples of linear alkyl groups include
without limitation, methyl groups, ethyl groups, propy! groups, butyl groups, sic. Examples
of branched alkyis groups include without limitation, t-bulyl. Examples of cyclic alkyl groups
include without limitation, cyclopropyi groups, cyciopentyl groups, cyclohexyl groups, ate,
[0038] As used herein, the abbreviation "Me” refers to a methyl group,; the abbreviation
“EY” refars to an ethyl group; the abbreviation "Pr” refers {0 any propyl group (i.e., n-propyl
or isopropyl); the abbreviation "iPr” refers to an isopropyl group; the abbreviation "By refers
1o any butyl group {n-butyl, iso-butyl, tert-butyl, sec-butyl); the abbreviation Bu” refers to a
tert-butyl group; the abbreviation “sBu” refers 1o a sec-butyl group; the abbreviation "iBY

12
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refers to an iso-butyl group; the abbreviation “Ph” refers {0 a phenyl group,; the abbreviation
“Am” refers to any amyl group (isc-amyl, sec-amyl, tert-armyl); the abbreviation “Cy” refers
{0 a cyclic hydrocarbon group {cyciobutyl, cyclopentyl, cyclohexyil, elc); the abbraviation
“Ar” refars to an aromatic hydrocarbon group (phenyi, xylyl, mesityl, etc.).

{00391  As used herein, the formulas, [(R")N===C{R*)===N{R?)}InX or [({(R")N===C(R*)z==

Fs‘. FfL R2
X N [
N AN o At 3
L P e
X NTACH T
R or Rt R

wherein X is chosen from chiorine, bromine and iodine, preferably chloring; R and R?are
each independently selected from a linear, branched or cyclic Cy to Ce alkyl, vinyl or aryl
groups or -SiIRR°R® wherein R4 R® R are each independently selected from a linear,
branched or cyclic Cy to Ce alkyl groups; R® is selected from H or alinear, branched or cyclic
Ct to Cs alkyl, vinyl or aryl group or ~NR'R® where R’ and R® are each independently
selected from H or a linear, branched or cyclic Cy to G alkyl, vinyl or aryl groups. Under
certain conditions when the disclosed In{lil-containing precursors have sufficiently small R,
R? and R?, the structure may exist as the dimeric structure [{{R")N===C(R*)===N{RZ}}In{u-
X

[0040] As used herein, the formula, [(R"N===C{R*===N{R?)]2InX, is represented by the

following structure:
PT!Z Fi{*.
N N
R3m<i \In/ ‘>"R3
SN
ROX g

wherein X is chosen from chlorine, bromine and iodine, preferably chioring; R and R are
each independently selected from a linear, branched or cyclic Cy to Cg alkyl, vinyl or aryl
groups or -SiR'R°R® wherein R4, R® R%are each independently selected from a linear,
branched or cyclic C: to Ce alkyl, vinyl or aryl groups, R® is selscted from H or a linear,
branched or cyclic Gy to Cg alkyl, vinyl or aryl group or ~-NR7R® where R7 and R® are each
independently selected from H or a linear, branched or cyclic Cy fo Ce alkyl, vinyl or aryi
groups.

{00411 As used herein, the formulas, [{((RPRYHCIN=C{CRER'CR*RS-NRNInX, or
{RPRICIN=C{CRERTCRARI-NIR NN u-X)2, are represented by the following

structures:
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R Ri}h.

R;i*‘ R Mo S K
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x MR RS el ol >R
» ) SL NTETT Ty
LR RA)__/ o )
N gf TR R

Ri or R2

4

wherein X is chosen from chiorine, bromine and iodine, preferably chioring; R, R?, R¥ R*
R® R® and R7 are each independently selected from a linear, branched or cyclic Ci to Ce
alkyl, vinyl or aryl groups; R', R?, R} R* R* RPand R7 may also be ~-SiR3R®R® where RS,
R® R'%are each independently selected from a linear, branched or cyclic Gy to Co alkyl, vinyl
or aryl group. Under certain conditions when the disclosed In(lil)}-containing precursors have
sufficiently small R', R? and R®, the siructure may exist as the dimeric structure
H{{{R*RIYCIN=C(CRERTCR*R)-N(R MnXEa(p-X)z,

{00421 As used herein, the formulal((R*RICIN=C(CRPRICRR%)-N(RLInX, s
representad by the following structure:

wherein X is chosen from chiorine, bromine and iodine, preferably chioring; R, R?, RY R*
R® R® and R are each independently selectad from a linear, branched or cyclic Ci to Cs
alkyl, vinyl or aryl groups; R', R?, R} R* R* RPand R7 may also be ~SiR3RR® where RS,
R®, R* are sach independently selected from a linsar, branched or cydlic G, to Co atkyl, vinyl
or aryl group.

{00437 As used herein, the formulas, [(RZRIN-(CRERT)-C{RAR-NRNINX, or
H{{RPRIINH{CRORT)-C{RART)-N(R NINX2{u-X)2, are represented by the following structuras:

s R R r?
g SR/ L 7
Pt N Xyy R
5 XG5/ L8
X\M’N\f“R“ (Rg\!’i‘/ }inix\)in'\ 5\\;“;5 )n
LN 5 7 4
apbt RY /N <
X %55 )n i 5%2 p X ;\‘ R4
RO R? or Ry KR!

wherein X is chosen from chioring, bromine and iodine, preferably chiorine; R, R? R3, R*,
R5 R®and R7 are each independently selected from a linear, branched or cyclic Cq to Ce
alkyl, vinyl or aryl groups; R, R2 R3 R4 R® R®and R” may also be ~SIR'RR'C where RY,
R® R'are each independently selected from a linear, branched or cyclic Cy to Ce atkyl, vinyl
or aryl group. For these In(lil} containing precursors, n = 1 or 2 will provide either a 5-
membered or 6-membered metallacycle, respectively. Groups R® and R7 are not required to
be identical for structures where n = 2. Under certain conditions when the disclosed In{lii}-
containing precursors have sufficiently small R, R? and R® and n = 1, the structure may
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exist as the dimeric structure {({RZR3N-{CRORT}-C(R*RS-N{R NInX]o(pu-X)z..
{00441 As used herein, the formula, [(RPRIN-{CREIRT)-CRIR®-N(RDLINX, s

represented by the following structure:

¢ RRS 2
RS B N’ ;q/ Ry
e o &
(REN N © gb )n
i i -
R N X\N i
1 i
Ry Rt

wharein X is chosen from chiorine, bromine and iodine, preferably chioring; RY, R?, RY, R4,
R® R® and R7 are each independently selectad from a linear, branched or cyclic Ci to Cs
atkyl, vinyl or aryl groups; RY, R? R?, R4, R® R®and R” may also be ~SiR*R*R'® where RS,
R®, R'%are each independently selected from a linear, branched or cyclic C, to Ce alkyl, vinyl
or aryl group.

[0045]  As used herein, the formula, [(RIN=z==C{R*) =2 C(RY)za: CRO) == N{RIHINK,, is
represented by the following structure:

wherein X is a halogen, preferably chioring, R!, R?2, R3 R* and R® are each independently
selected from a linear, branched or cyclic Cy to Co alkyl, viny! or aryl groups; RY, R%, R? R*
and R® may also be ~SIR’R'R® where RS, R’, R® are each independently selected from a
linear, branched or cyclic G, to Ce alkyl, vinyl or aryl group. Groups R, R?, R* and R® may
also be selected from fluorinated linear or aromatic groups {(e.g., CFa, m-{CFa)-Cals, elc).
Group R* may also be selectad from halogens, such as F.

[0046] As used herein, the formula, [(RIN=z=C(R®*) 2= C(RY) 2 CRO )= N{(RALINX, s
represented by the following structure:

wherein X is a halogen, preferably chioring; R, R?, R° R* and R® are each independently
selected from a linear, branched or cyclic Cy to Ce alkyl, vinyl or aryl groups; RY, R?, R?3 R*
and R® may also be ~SIR°R'R® where R®, R, R® are each independently selected from a
linear, branched or cyclic Gy to Ce alkyl, vinyl or aryl group. Groups R, R?, R* and R® may
also be selected from fluorinated lingar or aromatic groups {e.g., CFa, m-(CF3)»-CelHs, olc).
Group R4 may also be selectad from halogens, such as F.

{00477  As used herein, the formula, [N{(SIR'RERIRYINX,, is represented by the
following structure:
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wherein X is chosen from chiorine, bromine and iodine, preferably chioring; R, R? and R?
are sach independently selected from hydrogen or alinear, branched or cyclic G4 to G alkyl,
vinyl or aryl groups, R* is hydrogen or a linear, branched or cyclic C; to Cealkyl, viny! or aryl
group or a ~SIR’RER7 group wherein R® R®, and R7 are each independently selected from
hydrogen or a linear, branched or cyclic C4 to Cs alkyl, vinyl or aryl group.

[0048] Ranges may be expresssd herein as from about one particular value, andior to
about another particular value. When such a range is expressed, it is {0 be understood that
another embodiment is from the one particular value andfor to the other particular valus,
along with all combinations within said range. Any and all ranges recited herein are inclusive
of their endpoints (i.e., x=1 10 4 or xranges from 1 {0 4 includes x=1, x=4, and x=any number
in batween), irrespective of whether the term “inclusively” is used.

[0049] Refarence herein to "one embodiment” or "an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiment
may be included in atleast one embodiment of the invention. The appearances of the phrase
"in one embodiment” in various places in the speacification are not necassarily all referring to
the same embodiment, nor are separate or alternative embodiments necessarily mutually
exclusive of other embodiments. The same applies to the term “implementation.”

[0050] As used herain, the term "independently” when used in the context of describing
R groups should be understoed to dencte that the subject R group is not only independently
selected relative 1o other R groups bearing the same or different subscripts or superscripts,
but is also independently selected relative 10 any additional species of that same R group.
For exampile in the formula MR (NRZR¥)ux, whers xis 2 or 3, the two or three R groups
may, but need not be identical to each other or fo R or to R®. Further, it should be understood
that unless specifically stated otherwise, values of R groups are independent of each other
when used in different formulas.

[0051] As used in this application, the word "exemplary” is used herein 10 mean serving
as an example, instance, or ilustration. Any aspect or design described herein as
“‘exemplary” is not necessarily 1o be construed as preferred or advantageous over other
aspects or designs. Rather, use of the word exempiary is infended 1o present concepls ina
concrete fashion.

[0052] Additionally, the term “or’ is intended t© mean an inclusive “or” rather than an
exclusive “or’, That is, unless specified otherwise, or clear from context, “X employs A or 8
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is infended to mean any of the natural inclusive permutations. That is, if X employs A, X
employs B, or X employs both A and B, then "X employs A or B is satisfied under any of
the foregoing instances. in addition, the arlicles “&” and "an” as used in this application and
the appended claims shouid generally be construed 1o mean “one or more” uniess specified
otherwise or clear from context to be directed to a singular form.

[0083] "Comprising” in a cdlaim is an open transitional term which means the
subsequently identified claim elaments are a nonaxclusive listing (i.e., anything else may be
additionally inciuded and remain within the scope of “comprising”). "Comprising” is defined
herein as necessarily encompassing the more limited transitional terms "consisting
essentially of' and “consisting of”; “comprising” may therefore be replaced by "consisting
essentially of' or “consisting of and remain within the expressly defined scope of
‘comprising’”.

[0054] "Providing” in a claim is defined {0 mean furnishing, supplying, making availabie,
or preparing semething. The step may be performed by any actors in the absence of express
language in the claim to the contrary.,

Brief Description of the Drawings

[0055] For a further understanding of the nature and objects of the present invention,
reference should be made to the following detailed description, taken in conjunction with the
accompanying drawings, in which like elements are given the same or analogous reference
numbers and wherein:

FIG. 1 is vacuum thermogravimetric analysis (TGA) results for [(EON===C{Me)=z==
N(BUIn(IHClz:

FiG. 2 is differential scanning calorimetry (DSC) results for [(EON==C{Me===
NBUINDHC:

FIG. 3 is "H NMR of [{EfiN===C(Me)===N{Bu)lin(liHClz in CsDy;

FIG. 4 is TGA results of [{(iPriN===CH===N{Pnlin{IHCh;

FIG. 8 is D8O results of [{iPrN===CH===N{iPrIn(1ihCly;

FIG. 8 is "H NMR of [{iPr)N===CH===N{PnIin(lHClain THF-ds;

FIG. 7 is TGA results of [(iPriN===C(nBu)===N{PnIn{iihCl;

FIG. 8 is DSC results of [(IPrN=x=C{nBu) === N{Prin(H}Cls;

FIG. 8 is "H NMR of [{iPr)N===C{nBu)===N{Pn}In(lHClz in CaDg;

FiG. 10 is TGA results of [(EN ===C{(nBuUy === N{BWIn(HCly;

FIG. 11 is TH NMR of [{(EON === C{nBu)=== N{BU)In(IHCla in Cels,

Fi3. 12 is TGA results of [((PriN==C{Me)===N{PnIin{iiHClz; and

FIG. 13 is "H NMR of [{(IPr)N===C(Me)===N{iPr)lIn(H)}Clz in CsDs.
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Description of Preferred Embodiments
[0056] Disclosed are indium {In)-containing film and/or indium-containing alloy film
forming compositions comprising  In{ili}-containing precursors that contain  halogens,
methods of synthesizing them and metheds of using them fo deposit the indium-containing
fiims and/or indium-containing alloy film.
(0057} Although some homoleptic indium precursors axist, there is a lack of heteroleptic
complexes containing halogens available for use as precursors. The advantage of using
heteroleptic compounds is the ability to incorporate organic ligands as well as other reactivity
ligands such as halogens that may be beneficial for the desired surface chemistry. InCls has
been used for deposition, however, InCls has very low volatility (boiling point 800°C, 1 torr
vapor pressure at 310°C) making it difficult {o use for most applications. The disclosed In{ili)-
containing precurscors not only include at least one halogen but also include an organic
ligand that greatly increases the volatility relative to InCls to the point that the vapor pressure
of the disclosed In{lil)-containing precursors is sufficient for commercially viable vapor
phase deposition {eqg. CVD and ALD) processes. The disclosed In(li-containing
precursors herein are indium{lll) containing precursors that will be denoted as In{iil)-
containing precursors throughout the entire patent application.
[0058] The disclosed in(lih-containing precursors contain one or iwo halogen ligands.
More preferably, the disclosed In(lih)-containing precursors confain chioring with nitrogen
based ligands, which are suitable for vapor phase depositions of the indium-containing films
and/or indium-containing alloy films.
100591 The disclosed in(lily-containing precursors include the following categories.
(006807 In the first embodimant, the disclosed in{iil)-containing precursors contains 1 or
2 amidinate ligands having the formula:
[(RTN===C(R*)===N{RH]InXz,
[(RNN=2:C(R) 22 N(R?) ]2InX,
[((RNN===C(R®)===N(R*))InXJa(p-X )2,

ar
R a2 : .
x N LA A
. X
PN 3 NG TN M = N
0wl i Rl e
) . - s i
X \N \N/ i\N N/Q\'X/ \N
) TOX r X Ly
" , ®* e R R

whersin X is chosen from chlorine, bromine and iodine, preferably chiorine; R and R are
each independently selected from a linear, branched or cydlic Gy 1o Ce alkyl, vinyl or aryl

groups or ~SiR*R°R® wherein RY R® R®are each independently selected from a linear,
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branched or cyclic C to Ce alkyl, vinyl or aryl groups, R® is selected from H or a linear,

branched or cyclic Cq to Cs alkyl, vinyl or aryl group or ~NRR® where R’ and R® are each

independently selected from H or a linear, branched or cyclic Cq to Ty alkyl, vinyl, or aryl

group.

[0061] Exemplary precursors having the formula [(R1N=2:2C(R3)===N{R2)]InX; include:
X = Ci, R =R =iPr, R¥= Bu, [(iPriN===C{tBu)===N{PninCi; (N N'-diisopropyi-fer-

butylamidinato}indium(ill) dichioride);

athylacetamidinato)indium{iil) dichloride);

X=Cl, R = Et, R? = R3 = tBuy, [(Ef)N=== C(fBu) === N{Bu)lInClz (N-ferf-butyl-A -
ethylbutylamidinato)indium(ilh) dichioride);

X =Cl, R'= R*=Ph, R®= Me, [(PN==C{Me)==N{FhInClz (NN -
diphenylaceiamidinatolindium(Hl) dichloride),

X=Cl R =R2=jPr, R¥= NEt,, [(iPr)N===C{NE1y) === N{/Pr)InCh (N N'-diisopropyl-2-
diethylamido-guanidinato)indium dichioride), and

X =Cl, R = Et, R? = {Bu, R® = NEf, [(Et)N===C(NEt:) === N{BUInCl; (N-fert-butyl-N'-
ethyl-2-disthylamido-guanidinato)indium dichioride).
[oo8ay Exemplary precursors having the formula [(RYN=C{R*-N{R))inX include:

X=Ch R = R?% = jPr, R®*= nBu, [({Pr)N===C(nBu)===N{Pr)lInC! (bis-(NM.N-
diisopropyibutyiamidinato)indium(il) chioride));

X =C R'=R*=iPr, R¥= H, [({Pr)N===C(H)===N{PrLInCl (bis-(N N -
diisopropylformamidinato}indium(lil} chioride));

athylacetamidinato)indium{lil) chioride});

X = Cl R'= Et, R?= Bu, R® = nBu, [(EHN=2=C(nBu)===N(tBu)LInCl (bis-(N-tert-buty!-
N -sthyibutylamidinato)indium{lil} chioride));

X = Cl, R' = R*= Ph, R* = Me, [(Ph)N==C{Me)===N{Ph)]InCl {bis-(N.N-
diphenylacetamidinato)indium(lil) chioride));

X=Cl R =R?=jPr, R¥= NEt,, [(IPr)N===C{NEt) === N{iPr)] .InCl {bis-(N, N -diiscpropyl-
2-diethylamido-guanidinato)iindium(it) chioride); and

X =Cl, R'= Et, R% = {Bu, R® = NEf, [(Et)N===C(NEtz) === N{tBU)inCl (bis-(N-tert-buty!-
N -ethyi-2-diethylamido-guanidinato)indium chioride)).
0083} When the disclosed in{lil)-containing precursors have sufficiently small RY, R?
and R®, the structure may exists as a dimer under certain conditions with the formula [({(R"N
=== O{R3) === N{RZ))inX2{11-X)2. Exemplary precursors having the formula [((RMN===C(R%)===
N(RZ)INK]p(p-X)z include:
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X =ClL R'=R?= R¥= H [{({(H)N === C{H) === NHNINCIRL(u-Cliz;

acetarmidinato)indium{lil) dichioride};
X=Cl, R'=R?= Me, R®= H, [((Me)N===C(H)===N{MenCll(u-Cli2 (N N
dimsthylformamidinatolindium(ith dichioride),
X=CL R =R2=Et, R¥= H, [({EON===C{H) === N{EWNCl2{-Clz (NN
diethyiformamidinato)indium(ilh) dichioride); and
X=CLR'=R2=iPr, R¥= H, [((iFNN===C(H) s==N{EFPMHInCL{-Cha (NN~
diisopropyiformamidinato)indium(iil) dichioride);
[0064) in the second embodiment, the disclosed In(ilf)-containing compounds contains
1 or 2 iminopyrrolidinate ligands having the formula:
H(RERSCIN=C(CRORTCRARS)-N(R YinXz
H{{RPRHCIN=C({CRERTCRR®)-N(R2InX
[{{RZRHYCIN=C{CROR'CRAR®-N(R"NInX ]2 1-X )z,

ar
R¥ i s
. RS
2 R REL
a2 s Rt R? go " ) % ,)”‘X{ RE
oy . Pt SRS N BN MO
. /Nﬁ(RS R"‘E{,é‘\’ N\) ! 26 R’\j\/z@wj?:x:in\ B R
e - 8 LA A 5 N
L a2 Rl W [N ' R/ X )
x N 4 ! 4 VRS Rt
i, RY LN LXK g R y
7t R “R2 or R?

wherein X is chosen from chiorine, bromine and iodine, preferably chiorineg; R, R? R3, R*,
R® R®and RY are each independently selected from a linear, branched or cyclic Cy o Cs
atkyl, vinyl or aryl groups; R', R?, R® R* RS R®and R™ may aiso be ~SiR¥R®R'C where RY,
R® R'are each independently selecied from a linear, branched or cyclic C1 to Cs alkyl, vinyl
or aryl group.
N
[0085] Exemplary precursors having the formula [{((RER3CIN=C(CRRTCRR5)-
N{RInXz include:
. . . : I » 3 5

R'={Bu, R? = R*= Me, R*= R® = R® = R” = H, [{{Me)C)N=C{CHCH2)-N{fBu}linClz

{tert-butyl-imino-2, 2-dimethylpyrrolidinate-N, Aindium (i) dichloride;
. prmmmm—————

X=CL R =By, RR=R>= Ef, R* = R* = R® = R" = H, [{({Etz)CIN=C{CHzCHa}-

N{IBWInCl, (tert-butyl-imino-2, 2-disthylpyrrolidinate-N AVindium{il) dichloride; and
.

X=ClL R =Bu R2=Et R*= Me, R' =R = R = R7 = H, [({Eh{Me)C)N=C(CHzCHz)-

N{EBWINCL: (fert-butyl-imine-2-ethyl-2-methylpyrrolidinate-N Nindium{ill) dichioride.
o ——
[0066] Exemplary precursors having the formula [((RPRICIN=C(CROR'CRARS)-
N(R"LInX inciude:
5 ‘ !

X=CL R =iPr, R®=R°= Me, R*=R®* = R® = R" = H, [{{Mex)C)N=C({CHCHa}-

N{PnInCl (bis-(isopropyl-imine-2, 2-dimethyipyrrolidinate-N Aindium{lil)) chioride;
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X=CLR =By, R?=R¥*= Me, R* = R°= RF = R7 = H, [((Ma2)C)N=C{CHCH,)-
N{EBULInCH (bis-(tert-butyl-imino-2, 2-dimethylpyrrolidinate-N A indium{11)) chioride;

X=CLR' =By RR=R*=Et R*=R°= R =R" = H, [{{Etz)C)N=C{CHCHz)-
NEBUWRLINCT (bis-(tert-butyi-iming-2, 2-disthyipyrrolidinate-N NYindium{ll} chioride; and

. ) NP

X=ClL R ={Bu RP=Et R®= Me, R*=R%= R8 = R7 = H, [({E)(Me)CIN=C({CHCH,)-
N{fBUInCl {bis-(tert-butyl-imino-2-ethyl-2-methylpyrrolidinate-N, Aindium{{) chioride.
(0067} When the disclosed Indium {IiD-containing precursors have sufficiently small R",
R? and R?, the structure may exists as a dimer under certain conditions with the formula

fr———
[{{R*RICIN=C(CRERTCRAR®)-N(R InXa{p-X)z. Exemplary precursors having the formula
r——
H{{{(RPRJCIN=C{CRERTCRAR)-N{R X Qo p-X ainclude:
. ! i

X=CLR =R?=R¥=R = R¥= R¥ = R7 = H, [{{{H2)CIN=C({CHzCHz)}-N{HNInTll{p~
Ch;

X=CLR'=R?=R¥= Me, R* = R*= R® = R" = H, [{({{Me2)C)N=C(CH2CHa)-
N{MeHnCllz(p-Chiz;

pro———

X=ClLR'=Me RZ=R*=R*= R = R¥ = R" = H, [{{{H2)C)N=C{CHCH,)-

N(MepinCilao(u-Clyz; and
T

X=CLR'=Pr,R=R¥ =R =R = R¥ = R7 = H, [{{{H2)C)N=C{CHzCHz}-
N{EPrHInCl(p-Ch2.
[0068] In the third embodiment, the disclosed In{lil}-containing pracursors contains 1 or
2 amido amino alkane ligands having the formula:

[(RERSIN-{CRER)-C{RIR®)-N(RMINK;,
[{RIRIIN{CRIRT)-C{RAR%)-N(RNaInX,
H{RIRIINAHCRER)p-C(RAR-NR M2 (1-X)2,

ar
RS RA;NR -{\3/}%2 \ o
X\“/N\#"Rs (/R \k !n I /n ! 5\’\” N\ X 7‘ R( )
X’ “;N&R‘f)‘n L ;éz\ X ?" " by 5o i ¢ Rf' ”

R* \R7/N N
RN X

pépe ) Ry gt or Ry R
whersin X is chosen from chiorine, bromine and iodine, preferably chioring; R', R?, R®, R*,
R® R® and R7 are each independently selected from a linear, branched or cyclic Ci to Ce
alkyl, vinyl or aryl groups; R, R?, R?, R*, R® R®and R may also be ~SiR®R°R'® where R?,
R® R*are each independently selected from a linear, branched or cydlic C to Cs atkyl, vinyl
or aryl group. For these In(lil) containing precursors, n = 1 or 2 will provide either a 5-
membered or §-membered metallacycle, respectively. Groups R® and R7 are not required to
be identical for structures whereinn = 2.
(00691  Exemplary precursors having the formula [(RPR)IN-{CRERT)-C{RAR)-N(RInX;
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include:

X=CLR'=R2=R*{Pr, R = R>= R = R7 = H, n =1, [({F2)N-CHa-CHx-N{(fPr)}InCl2

{1-isopropyiamide-2-diisopropyliaminosthane-N, Nindiumdiii) dichioride);

X=CLR =By, R?=R¥*= Mg, R*= R* =R =R = H, n =1, [(Mez)N-CHz-CHy-
N{EBW]INCl (1-tert-butylamide-2-dimethylaminoethane-N, Nindium i) dichloride),

X=CiLR' =By, RP=R°=Me R*=R*=RP = R" = H, n =2, [{(Mex)N-CHz-CHz-CHz-
N{EBWIINCEL (1-tert-butylamide-3-dimathylaminopropane-N, N indium(iih dichioride); and

XK=ClL R =By RR=R=R*= Me, RE=R¥=R" = H n=1, [(Me)N-CHz-CH,-CHp-
N{BW]InClh {1-tert-butylamide-2-dimethylaminopropane-N, N Indium{iily dichioride).
00707  Exemplary precursors having the formula [(RPRIIN-{CRIRT)-C{RARY)-N(RHInX
include:

X=CLR' =P, R?=R¥=Me, R'"=R* =RV = R" = H, n =1, {{Mez)N-CHa-CHa-
N{P1)InCl (bis-{1-isopropylamide-2-dimethylaminoethana-N,N)indium(ill) chioride)),

X=Cl R =RZ=R*=E{ R*=R*= RS = R7 = H, n =1, {Et)N-CHz-CHz-N{E{)]2InCl
(bis-(1-ethylamide-2-disthylaminoeathane-N,N)indium{iil chioride));

X=ClLR'=R?*=R¥=Me, R* =R = R¥ = R7 = H, n =2, {{(Me2)N-CHa-CHz-CHa-
N{Me)oInCl (bis-{1-methyiamide-2-dimethyiaminopropane-N, N ndium (i1} chioride));

X=CLR' =By RE=R*=Me, R*= R =R = R" = H, n =2, [(Mex)N-CHz-CHz- CHa-
N{IBWLINCI (bis-{1-tert-butylamide-2-dimethylaminopropana-N, N indium{lil) chloride)).
{0071} Exemplary precursors having the formula [((RZRIN-{CRER™)-C{RRS)-
NR"WNXJ2(pu-X)2 include:

X=ClLR'=Me, RP=R*=H R =R = R® = R" = H, n =1, [{{(H2}N-CHz-CHo-
N{MeNInCll(u-Ch;

X=CLRI"R*=R¥=Me, R =R =R = R" = H, n =1, [{(Mez)N-CHz-CH,-
N(MeNnCllz2(1-Chy2; and

X=CLRIRZ=R¥*=EL R =R* =R = R" = H n =1, [({Et)N-CHo-CHz-NEO)INTCll{u-
Cha.
10072 In the fourth embodiment, the disclosed In(lih-containing precursors containg
or 2 p-diketiminate ligands with the formula:

RN ==z C{RPymns C(R4) 2= C{RP) === N(R?)]INXz,

. 3 2 ni 5
R! _(R“ R; y KR R
X Mo s
o \>\>-—R‘ RA—() \i ﬁ/’ Mt
-4 RNy B S,
X Nox N
pi RS R RY pé 2

wherein X is a halogen, preferably chioring; R, R? R® R* and R® are each independently
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selected from a linear, branched or cyclic Cq to Ce alkyl, vinyl or aryl groups; RY, R?, R R?
and R® may also be ~SIR°R'R® where R®, R, R® are each independently selected from a
linear, branched or cyclic C to Ce alkyl, vinyl or aryl group. Groups R, R?* R® and R® may
also be selected from fluorinated linear or aromatic groups {8.qg., CFz, m-(CF3)»-CsHs, fc).
Group R* may also be selected from halogens, such as F.

[0073] Exemplary precursors having the formula [(R)N===C{R¥===C{R"===C(R%) ===
N(R:HINX; include:

N{Me)}linClz ({N N-(1,3-dimethyl-1,3-propanediylidene)bis[methanaminatolindium{iih)
chioride);

N{Me)InClz (M N-(1,3-his{trifluoromethy}-1,3-
propanediylidenaibisimethanaminatofindium{iil) chioride),

N{PRINCl2 ([N N-(1,3-dimethyl-1,3-propanediylidena)bis[benzenaminatalindium(iil)
chioride);

N{PHINCL ([N N-(1,3-dimethyl-1, 3-propanediylidena)bis[isopropylaminatolindium(lii)
chioride); and

X=CI R'=R2={Bu, R®=R%= Me, R*= H, [{{Bu)N===C{Me) ===CH===C(Me) ===
N{IBWINCL (N N-(1,3-dimethyi-1,3-propanedivlidene}bis{ferf-butylaminatolindium{iih
chioride).

[0074]  Exemplary precursors having the formula [(R')N==zC(R%)=a=C{RY) == (R za=
N{R%LInX include:

X=CLR =R?=R3= R = Me, R*= H, [(Me)N===C(Me) ==:CHz==C(Me) ===
N{Me}InCl (bis-{N, N-(1,3-dimethyl-1,3-propanediviidena)bis[methanaminatolindium(iil)
chioride);

X=Cl, R'=R?=Ph, R®*= R% = Me, R*= H, [[Ph)N===C(Mg) ===CH=a=C{Me} ===
N{Fh}1InCH (bis-{N N-(1,3-dimethyl-1, 3-propanediylidengbisibenzenaminatolindium(ill)
chioride);

X=Cl R'=R?=Pr, R®*= R® = Mg, R*= H, [{(iPr)N===C(Mg) ===CHzazC{Me} ===
N{PrInCl (bis-{N N-(1,3-dimethy!-1, 3-propanediyiidene)bislisopropylaminatolindium(iil
chioride); and

X=CL R =R =By, R®= R° = Me, R*= H, [({Bu)N==:2C(Me) === CHaaxC(Me) a=s
N{BWLINCI (bis-[N N-(1,3-dimethyl-1,3-propanediylidens)bis{ferf-butylaminatolindium(iil)
chioride).
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(007 5] In the fifth embodiment, the disclosed In{lil-containing precursors contains a silvl
amine ligand with the following formula:
[N((SIRTRZRIIRHINX:
or
R R*
X, Big?
e
X "

wharein X is chosen from chiorine, bromine and iodine, preferably chloring; R, R?, and R?
are each independently selected from hydrogen or a linear, branched or cyclic Gy to Cs alkyl,
vinyl or aryl groups, R* is hydrogen or a linear, branched or cyclic Cq to Cy alkyl, vinyl or aryl
group or a ~SIR*ROR7 group wherein R, R® and R’ are each independently selected from
hydrogen or & linear, branched or cyclic G4 to Ce alkyl, vinyl or aryl group.
[0078] Exemplary precursors having the formula [N(SIRTRZRIIRYINX include:

X=CLR'=R2=R3= Mg, R* = H, [N{(SiMes)H)}InClz (trimethylsilyhamino)indium(iih)
dichloride;

X=CI R'=R?=R?= Et, R* = H, [N((SIEGHINCE; (triethyisilyhamino)indium(til)
dichloride; and

X=Cl R'=R? = Me, R®*=H, R*= SiHMe,, [N(SiMeH2InCh
{bis(dimethyisilyDamino}indium(ill) chioride.

ke e tt?\\ £ = o . 5; 4
Bl Sy Ste e
nelN i i N
of & 4 S
~ o : Me i

(00771 Maore preferably, the disclosed In{li)-containing precursor is [{(EDN===C{Me) ===
N{EBUWIIN{IIHCE having the following structure:

CE / /
c; \ >—
A

[0078] The disclosed In{lll)-containing precursor is {(iPr}N:CH:N(iPr‘;}m(iEi)CEg or

\T/
o N 1 el
AN H— W, o H
cl \N ~»<N Ter™y

o AT
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[0079]
having the following structure.

The disclosed In{ili}-containing precursor is [(EUN === C{nBu) ===N{{Bu)}jIn(li)Cl;

[co8aq] The disclosed In(lif}-containing precursor is [{iPNN===C{nBu)===N{iPin(HCh
having the following structure,
“\T/’ ’_/'
L, ./’:‘j\ /
of m\r\g%
A

0081}
having the following structure.

The disclosed In(li-containing precursor is [{(IPrN===C{Me)===N{PnIn(iCl

o, N,
in 2

i \rg
AN

[0082] The vapor pressure of [(EON===C{Me) m==N{BWIN(INCE 1s 1 torr at 145°C. The

vapor pressure of [(iIPrNz=x CH===N{POHIn{lINClz s 1 torr at 128°C. The vapor pressure of
[(PrN===C{nBu) ===N{POIn(IBCl: is 1 torr at 155°C. The vapor pressure of [(iIPriN===

C{Me) ===N{POIn{IDCl is 1 torr at 127°C. See Table 1.

Table 1. In{liD-containing precursors

DsC Vacuum | Temperature
in(lil) precursor Structure
{(Endotherms) TGA {1 torr V)
<3%
. , AN 89°C and _
[{EtN===C{Me) === N{Bu)IIn(li1Cl AN residue 145°C
N 303°C
A at 220°C
(PN === CH === NGPOTINGINCH oF hd < 5%
[{(PrN===C{H)===N{iPn)InCi}{ Ci?/N\“ H 917C and id 128°C
((iPrN=== ==N{IPin i A rasidue
W A NG 284°C
Clh /1\ at 210°C
~ . < 3%
{PrN===C{nBu) === NUPNHIn(HHCk ::n(: & 286°C residue 1558°C
A at 250°C
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g < 5%
“ _ o, N, 101°C and "
(PN === C(Me) === NGPHIn(INCEL | i residue 127°C
ERIN 303°C
o at 200°C
o < 3%
inCls ih 458°C residue (310°C)
ci” el
at 400°C

{00831 The disclosed methods for syntheses of the disclosed In(lil}-containing
precursors include a sall metathesis reaction as shown in examples that follow. The
disciosed In{lih-containing precursors may be synthesized through the salt metathesis
reaction by mixing either one or two equivalents of a lithiated ligand with InX; where X = Cl,
Br, I. The reaction is performed by loading a reaction flask with a desired nitrogen ligand in
an ethereal solvent and cooling 1o 0°C or -78°C. A required alkylithium reagent is added to
generate the reactive lithiated species of the ligand. The lithiated ligand is then transferred
{0 a suspension of the desired In{ill) halide in an ethereal solvent at -78 or 0°C. The reaction
is allowed to stir for 12 hours. The solution is then fillered using Cslite as a filtering agent,
followed by a removal of solvent in vacuo {o isolate the product. In the case of lithiated
amidinate ligands (e.g., LI[(R"N===C{R%=== N(R?] the desired starting material is the
carresponding carbodiimide [(RM)N=C=N({R?®}] and the alkylithium reagent is LiR>.

[0084] The disclosed methods for syntheses of the disclosed In{lil}-containing
precursors include a ligand exchange reaction of In(liCl with the generation of SiRs-X as
shown in the example below,

1
X >
1 2 \
Xy + NN e W PR+ SiXR,
dir sthereal X N
3 solvent R?

[0085] The disclosed In(lllj-containing precursors may be synthesized through the
ligand exchange reaction by mixing either one or two equivalents of the silylated ligand with
inXswhere X = CL, Br, |. The reaction is performed by loading a reaction flask with the desired
In{lih) halide in an ethereal solvent at room temperature. The reguired silvlated nitrogen
ligand is added to the reaction at room temperature and allowed to stir for 2 to 12 hours.
The solvent in removed in vacuo {o isolate the product followed by extraction in a
hydrocarbon solvent to remove any remaining Indium{t) halide.

{00886} The disclosed In{iih-containing precursors may have the following features that
make them suitable for indium and indium alloy film deposition. In one aspect, the disclosed
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in{lil)-containing precursors have heteroleptic nature and nitrogen ligand scaffolding that
render the disciosed In{lih-containing precursors much more volatile than indium trichloride
{(InCls) with sufficient vapor pressures at lower temperatures. In ancther aspect, the
prasence of the halogen (e.q., chioride) containing ligands in the disclosed In(lil}-containing
precursors aliows for the use of dehalosilyiation chemistries to achieve ALD at low
temperaturas from room temperature to 500°C, preferably 100°C - 400°C. The disclosed
in{lih-containing precursors represent a potential new product line in samiconductor
industry.

[0087] The disclosed In{ilh-containing precursors may have high thermal stability and
may be used for forming high-speed, high sensitivity semiconductor layers, e.g. in CMOS
systems, 3D NAND Channel or in photodeiectors. The disclosed In{lil)-containing
precursors and the disclosed film forming compositions are suitable to deposit the
corresponding element-containing films and iis related use for deposition of the
corresponding slement-containing lavers.

[0088] The disclosed In(ll} precursors and the disclosed film forming compositions are
suitable for forming indium-containing thin films, such as InGaAs, NGOy 0=0.5-1.5, y=0.5-
1.5), nSn0 (ITC), InGaZn0 (1GZ0), InN, InP, InAs, InSb, In:S., et used in electronic fields.
The disciosed Indlil) precursors and the disclosed film forming compositions are useful for
the fabrication of indium fin oxide in displays, solar fual, high speed slectronic (InN),
optosiectronic components, high-speed slectronics, photovolitaics (InP), infrared deteciors,
diode laser (InAs), fast transistors, magnetic field, thermal image detectors (inSb),
photoelectronic devices, photosiectrochemical water splitting (In:Ss), LED applications, the
fabrication of copper indium galium selenide (CIGS) in photovoltaics and optical
applications, indium gallium zinc oxide (1GZ0) in displays, semiconductors, Logic and
memaries indusines, and the like.

{0089] The disclosure also includes processes for forming an Indium-containing film and
methods for forming an oxygenated or oxygen-free indium-containing film using the
disclosed In(ill} precursors by vapor deposition methods, such as ALD or CVD. The
disclosed are g deposition process where the disciosed in{lil} precursors are used and
introduced into a reaction chamber for deposition a film by ALD, CVD, spin-on, spray, dip
coating, shit coating or any other deposition technique to form a film, in combination with or
without one or more oxidants {for example O» and O3, or HhO and O3), or with one or more
reductants or nitriding agents (for example Hz and NHz, No and NHs, or NHz and NaHq)
introduced simultaneously and/or sequentially. The disclosed deposition processas using
the disclosed In{lll) precursors may be assisted by heating, light, direct or remote plasma,
or combination thereof,
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[0080] When the target is a dislactric film, the co-reactant may be an oxidizing gas such
as one of Oy, O, HO, HoOn, NO, NoO, NO», oxygen containing radicals such as O or OH',
alcohol, silanols, amincalcohols, carboxyiic acids such as formic acid, acetic acid, propionic
acid, para-formaldehyde, other oxidizing compounds and mixtures thersof. Preferably, the
oxidizing gas is seiected from the group consisting of Os, O3, H0,, and HyO. Preferably,
when an ALD process is performed, the co-reactant is plasma treated oxygen, ozone, or
combinations thereof. When an oxidizing agent is used as the co-reactant, the resulting
in{lih-containing film will also contain oxygen.

[0081] When the target is a conductive film, the co-reactant may be Nz, Na, Hz or Na/Ha,
amines, diamines, cyanides, di-imines, hydrazines (for example, NaHs, MeHNNH,,
MeHNNHMe), organic amines (for example, H:N{CHa), HoN{CH:CHa), HNC{CHals,
N{CHs)Hz, N(CaHs)He, N{CHa)aH, N{CzHs)zH, N(CHa)s, N{CaHs)s, (SiMeshNH), pyrazoling,
pyridineg, radical and plasma species, and mixtures thereof. The co-reactant may be a
primary aming, a secondary aming, a tertiary amine, trisilylamine, radicals thereof, and
mixiures thereof. Preferably, the co-reactant is NHz or Hz When a N-containing reducing
agent is used, the resulting in(lih-containing Bim will also contain nitrogen.

[0082] When the desired In(li}-containing film also containsg another element, for
example and without limitation, P, Ga, As, B, Ge, Ta, Hf, Nb, Mg, Al Sr, Y, Ba, Ca,, Sb, 8i,
Sn, Pb, Co, lanthanides {such as Er), or combinations thereof, the co-reactants may include
another precursor.

[0083] Furthermore, the co-reactant may be freated by a plasma, in order {0 decompose
the reactant into its radical form, atleast oneg of Hy, No and Os may be utilized as a hydrogen,
nitrogen or OXygen source gas, respectively, when treated with plasma. The plasma source
may be a Na plasma, No/He plasma, No/Ar plasma, NHs plasma, NHafHe plasma, NH2/Ar
plasma, He plasma, Ar plasma, Mz plasma, HafHe plasma, Hxforganic amine plasma, and
mixtures thereof. For instance, the plasma may be generated with a power ranging from
about 10 Wto about 1000 W, preferably from about 50 W io about 500 W. The plasma may
be generated or present within the reactor itself. Allernatively, the plasma may generally be
at a location removed from the reactor, for instance, in a remotely located plasma sysiem.
One of skill in the art will recognize methods and apparatus suitable for such plasma
freatment.

[0084) For example, the co-reactant may be introduced into a direct plasma reactor,
which generates plasma in the reaction chamber, {0 produce the plasma-treated reactant in
the reaction chamber. Thea co-reaciant may be introducead and held in the reaction chamber
prior to plasma processing. Alternatively, the plasma processing may occur simulfaneously
with the introduction of the reactant.
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[0085] Alternatively, the plasma-treated co-reactant may be produced outside of the
reaction chamber, for example, a remote plasma to treat the co-reactant prior {0 passage
into the reaction chamber.

[0086] Also disclosed are methods for forming indium (lH)-containing layers on a
substrate using a vapor deposition process. Applicants believe that the disclosed film
forming compositions are suitabie for ALD. More particularly, the disciosed film forming
compositions are capable of surface saturation, self-limited growth per cycle, and perfact
step coverage on aspects ratios ranging from approximately 2.1 to approximately 200:14, and
preferably from approximately 60:1 to approximately 150:1. Additionally, the disclosed film
forming compositions have high decomposition temperatures, indicating good tharmal
siability to enable ALD. The high decompeosiiion temperatures permit ALD at higher
temperatures, rasulting in films having higher purity. The disclosed methods may be useful
in the manufacture of semiconductor, photovoltaie, LCD-TFT, flat panel type devices.
(0087} The disclosed In(lil}-containing film forming compositions may be used o deposit
in{lih-containing films using any deposition methods known {o those of skill in the art
Examples of suitable deposition methods include chemical vapor deposition (CVD) or
atomic layer deposition (ALD) with or without plasma enhancement. Exemplary ALD
methods include thermal ALD, plasma enhanced ALD (PEALD), spatial isolation ALD,
tfemporal ALD, selective or not ALD, hot-wire ALD (HWALD), radicals incorporated ALD, and
combinations thereof. The deposition method is preferably ALD, PE-ALD, or spatial ALD in
order to provide suitable step coverage and film thickness control. Exemplary CVD methods
include metal-organic CVD (MOCVD), thermal CVD, pulsed CVD (PCVD), low prassure
CVD (LPCVD), sub-atmospheric CVD (SACVD) or atmospheric pressure CVD (APCVD),
hot-wire CVD or hot filament CVD (also known as cat-CVD, in which a hot wire serves as
an energy sources for the deposition process), hot wall CVD, cold wall CVD, asrosol assisted
CVD, direct liguid injection CVD, combustion CVD, hybrid physical-CVD, metalorganic CVD,
rapid thermal CVD, photo-initisted CVD, laser CVD, radicals incorporated CVD, plasma
enhanced CVD (PECVD) including but not limited to flowable PECVD, and combinations
thereof.

[0098] The disclosed in(lih-containing film forming compaosition containg less than 5%
viv, preferably less than 1% viv, more preferably iess than 0.1% viv, and even more
preferably less than 0.01% viv of any of ifs analogs or other reaction products. This
embodiment may provide better process repeatability. This embodiment may be produced
by purification {e.q., distillation, sublimation, chromatography, efc}) of the In(lil}-containing
film forming composition.

00991 Purity of the disclosed film forming composition is greater than 83% wiw {i.e.,
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95.0% whw 1o 100.0% whw}, preferably greater than 88% wiw (i.e., 88.0% wiw to 100.0%
wiw), and more preferably greater than 99% wiw (i.e., 99.0% wiw {0 approximately 89.998%
wiw or 99.0% wiw to 100,0% wiw). One of ordinary skill in the art will recognize that the
purity may be datermined by NMR spectroscopy and gas or Hiquid chromatography with
mass spectrometry. The disclosed film forming compositions may contain any of the
following impurities: pyrazoles, pyridines; alkylamines, alkylimines; THF, sther; pentane;
cyclohexane,; haptanes, benzene; toluene, chiorinated metal compounds; lithium, sodium,
potassium pyrazoiyl. The total quantity of these impurities is preferably below 5% wiw (i.e.,
0.0% wiw to 5.0% wiw), preferably below 2% wiw (i.e., 0.0% wiw {0 2.0% wiw}, and more
preferably below 1% wiw (e, 0.0% wiw 1o 1.0% whv). The disclosed film forming
composition may be purified by recrystgllization, sublimation, distillation, and/or passing the
gas liquid through a suitable adsorbent, such as 4A molecular sieves.

[0160] Purification of the disciosed film forming composition may also resull in metal
impurities each range independently at the 0 ppbw to 1 ppmw, preferably approximately 0
o approximately 500 ppbw (part per hillion weight) level, more preferably from
approximately 0 ppbw to approximately 100 ppbw, and even more preferably from
approximately 0 ppbw to approximately 10 ppbw. These metal or melalioid impurities
include, but are not limited {0, Aluminum{Al), Arsenic{As), Barium(Ba), Bervllium(Be),
Bismuth(Bi), Cadmium{Cd), Calcium{Ca), Chromium{Cr), Cobalt{Co), Copper{Cu},
Gallium{Ga), Germanium {Ge), Hafnium(Hf), Zirconium{Zr), lron(Fe}, Lead(Pb), Lithium(LD,
Magnesium{Mg}, Manganese(Mn), Tungsten(\W), Nickel(Ni), Potassium{K), Sodium{Na},
Strontium{Sr), Thortum(Th), Tin(Sn), Tianium(Th), Uranium(U), Vanadium(V) and Zinc{Zn).
[0181] Care should be taken to prevent exposure of the disclosed in(ll)-containing film
forming compositions {o water as this may result in decomposition of the In(lil}-containing
precursors {0 an indium oxide (2.9., In0s).

[0102] The disclosed film forming compositions may be supplied sither in neat form or
in a blend with a suitable solvent, such as ethyl benzene, xylene, mesitylene, decalin,
decane, dodecane. The disclosed precursors may be present in varying concentrations in
the solvent.

03] The neat blended film forming compaositions areg intreduced into a reactor in a
vapor form by conventional maans, such as tubing and/or flow meaters. The vapor form may
be produced by vaporizing the neal blended composition through a conventional
vaporization step such as direct vaporization, distillation, by bubbling, or by using a
sublimator, such as the one disclosad in POT Publication WO2009/0R87809 to Xu st al. The
neat blended compoesition may be fed in liquid state 1o a vaporizer whers it is vaporized
before it is infroduced into the reactor. Alternatively, the neat blended compasition may be
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vaporized by passing a carrier gas into a container containing the composition by bubbling
the carrier gas into the composition. The carrier gas may include, but is not limited 1o, Ar,
He, Nz, and mixtures thereof. Bubbling with a carrier gas may also remaove any dissolvad
oxygen present in the naat or blended compaosition. The carrier gas and composition are
then introduced into the reactor as a vapor.

[104] If necessary, the container containing the disclosed film forming composition may
be heated to g temperature that permits the compaosition to have a sufficient vapor pressura.
The container may be maintained at temperatures in the range of for example,
approximately 0°C o approximately 200°C. Those skilled in the art recognize that the
{emperature of the container may be adjusted in a known manner to control the amount of
precursor vaporized.

[08]  The reactor may be any enclosure chamber within a device in which deposition
methods take place such as without imitation, a parallel-plate type reactor, a cold-wall type
reactor, a hot-wall type regctor, a single-wafer reactor, a multi-wafer reactor, other types of
deposition systems under conditions suitable 1o cause the compounds to react and form the
layers. One of ordinary skill in the art will recognize that any of thase reactors may be used
for either ALD or CVD deposition processes.

[0106]  The reactor containsg one more substrates onto which the films will be deposited.
A subsirate is generally defined as the material on which a process is conducied. The
substrates may be any suitable substrate used in semiconductor, photovoltaic, fiat panel,
LCD-TFT device manufacturing. Exampiles of suitable substrates include wafers, such as
siicon, silica, glass, GaAs wafers. The wafer may have one more layers of differing materials
deposited on it from a previous manufacturing step. For example, the wafers may include a
dielectric layer. Furthermore, the wafers may include silicon layers {crystalling, amorphous,
porous, etc), silicon oxide layers, silicon nilride layers, silicon oxy nitride {ayers, carbon
doped silicon oxide (SICOH) layers, metal, metal oxide metal nitride layers (Ti, Ru, Ta, etc.),
and combinations thereof. Additionally, the wafers may include copper layers noble metal
layers (e.¢., platinum, palladium, rhodium, gold). The wafers may include barrier layers, such
a5 manganese, manganese oxide, efc. Plasiic layers, such as poly{34-
ethylenedioxythiophene)poly{styrenesulfonate)[PEDOT.PS5] may also be used. The layers
may be planar or patierned. The disclosed procasses may deposit the layer directly on the
wafer or directly on one or more layers on top of the wafer when patierned layers are formed
on the substrate. The patternad lavers may be allernating layers of two specific layers such
as IOy and Zr0: used in 3D NAND. Furthermore, one of ordinary skill in the art wili
recognize that the terms “film” “layer” used herein refer to a thickness of some material laid
on or spread over a surface and that the surface may be a trench a line. Throughout the
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spacification and claims, the wafer and any associated iayers thereon are referred 1o as
substrates. For example, an indium oxide film may be deposited onte a metal oxide layer,
such as a ZrGs layer, an HIO, layer, or a MoO; layer.

[3167]  The substrate final application is not limited to the present invention, but this
technology may find particular benefits for the following types of substrates: silicon wafers,
glass wafers and panels, beads, powders and nano-powders, monolithic porous media,
printed circuit board, plastic sheets, etc. Exemplary powder substrates include a powder
used in rechargeable battery technology. A non-limiting number of powder materials include
NMC (Lithium Nickel Manganese Cobalt Oxide), LCO {Lithium Cobait Oxide), LFP {Lithium
fron Phosphate), and other battery cathode materials.

[0108] The temperature and the pressure within the reactor are held at conditions
suitable for vapor depositions, such as ALD and CVD. In other words, after introduction of
the vaporized disclosed film forming composition into the chamber, conditions within the
chamber are such that at least part of the precursor is deposited onto the substrate to form
a layer, For instance, the pressure in the reactor or the deposition pressure may be held
between about 107 torr and about 100 torr, more preferably between about 102 torr and 10
torr, as required per the deposition parameters. Likewise, the temperature in the reactor or
the deposition temperature may be held between about 100°C and about 800°C, preferably
between about 150°C and about 500°C. One of ordinary skill in the art will recognize that
“at least part of the precursor is deposited” means that some ali of the precursor reacts with
adheres {0 the substrate.

[0188] The temperaiure 1o achieve optimal film growth may be controlled by either
controliing the temperature of the substrate holder. Devices used to heat the substrate are
known in the art. The substrate is heated o a sufficient temperature to obtain the desired
fiim at a sufficient growth rate and with desired physical state and compaosition. A non-limiting
exemplary temperature range to which the substrate may be heated includes from
approximately 50°C to approximately 600°C. When a plasma deposition process is utilized,
the deposition temperature is preferably less than 400°C. Alternatively, when a thermal
process is performed, the deposition temperature may range from approximately 100°C to
approximately 600°C.

0110]  Alternatively, the substrate may be heated {o a sufficient temperature o obtain
the desired in(lil}-containing film at a sufficient growth rate and with desired physical state
and compaosition. A nondimiting exemplary temperature range to which the substrate may
be heated includes from room temperature to approximately 800°C. Preferably, the
temperature of the substrate remains less than or equal to 500°C.

4] The ALD conditions within the chamber allow the disclosed film forming
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compaosition adsorbed or chemisorbed on the subsirate surface {0 react and form a film on
the substrate. in some embodiments, Applicanis believe that plasma-treating the co-
reactant may provide the co-reactant with the energy needed to react with the disclosad film
forming composition. When the co-reactant in this exemplary ALD process is treated with a
plasma, the exemplary ALD process becomes an exemplary PEALD process. The co-
reactant may be treated with plasma prior subsequent o introduction into the chamber,
[0112]  The film forming compaosition and coreactants may be introduced into the reactor
sequentially (ALD). The reactor may be purged with an inert gas between the introduction
of each of the film forming compaosition, any additional precursors, and the co-reactants.
Ancther example 8 {0 infroduce the co-reactant continuously and to introduce the film
forming composition by puise, while activating the co-reactant seguentially with a plasma,
provided that the film forming compeosition and the non-activated co-reactant do not
substantially react at the chamber temperature and pressure conditions (CW PEALD).
[0-113] Each pulse of the disclosed film forming composition may last for a time period
ranging from about 0.001 seconds to about 120 seconds, alternatively from about 1 seconds
{0 about 80 seconds, allernatively from about 5 saeconds {0 about 30 seconds. The co-
reactant may also be pulsed into the reactor, In such embodiments, the puise of each may
last for a time period ranging from about 0,01 seconds to about 120 seconds, alternatively
from about 1 seconds to about 30 seconds, alternatively from about 2 seconds {0 about 20
seconds. In ancther alternative, the vaporized film forming compositions and co-reactants
may be simullaneously sprayed from different sectors of a shower head {without mixing of
the composition and the reactant) under which a susceptor holding several wafers is spun
{spatial ALD).

[0114] Depending on the particular process parameters, deposition may take place for
avarying length of ime. Generally, deposition may be allowed to continue as long as desired
necessary o produce a film with the necessary properties. Typical film thicknesses may
vary from several angstroms to several hundreds of microns, and typically from 110 100 nm,
depending on the specific deposition process. The deposition process may alse be
performed as many times as necessary to obtain the desired film.

[0118] The disclosed methods for forming an in(lih-containing layer on a subsirate
include: placing a substrate in a reactor, delivering into the reactor a vapor of the disciosed
in{lih-containing film forming composition, and contacting/adsorbing the vapor with the
substrate (and typically directing the vapor (o the substrate) (o form an In(iih-containing layer
on the surface of the substrate. Alternatively, the disclosed methods for forming an In{iih-
containing layer on a substrate include: exposing the substrate to the vapor of the disclosed
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in{lil)-containing film forming composition, and depositing an In{iih-containing layer on the
surface of the substrate.

[0116]  The vapor of the In(lil-containing film forming composition is generated and then
introduced into a reaction chamber containing a substrate. The temperature and the
pressure in the reaction chamber and the temperature of the substrate are held at conditions
suitable for vapor deposition of at least part of the disclosed In{lil}-containing precursor onto
the substrate. in other words, after introduction of the vaporized composition into the
reaction chamber, conditions within the reaction chamber are adjusted such that at least
part of the precursor is deposited onto the substrate to form the In{lil)-containing layer. Ons
of ordinary skill in the art will recognize that “at least part of the precursor is deposited”
means that some or ali of the precursor reacts with or adheres to the substrate. Herein, a
co-reactant may aisc be used to heip in formation of the In{lih-containing layer.

[0117]  The disciosed film forming compositions and co-reactants may be infroduced into
the reactor either simultaneously {(CVD), sequentially (ALD} or different combinations
thereof. The reactor may be purged with aninert gas {e.g., Na or Ar) between the introduction
of the film forming compaosition and the introduction of the co-reactant. Alternatively, the co-
reactant and the film forming composition may be mixed together to form a co-
reactant/compound mixture, and then introduced fo the reactor in a mixiure form. Another
exampia is {0 introduce the co-reactant continuously and {o infroduce the disclosed film
forming composition by pulse (pulsed CVD).

[3118] In a non-limiting exemplary ALD process of forming an indium-containing film
containing two slements, such as inOs, InN, InS, otc., the vapor phase of the disclosed film

reactor, where it is contacted with a suitable substrate, either chemisorbed or physisorbed
thereon. . Excess composition may then be removead from the reactor by purging and/or
evacuating the reactor, that is, either by purging a reactor with an inert gas {(e.g., Nz, Ar, Kr
or Xe}, or passing the substrate in a sector under high vacuum and/or a carrier gas curtain.
A co-reactant {8.g., Os or NHa) is introduced into the reactor where it reacts with the
adsorbed film forming composition in a self-imiting manner. Any excess co-reactant is
removed from the reactor by purging andfor evacuating the reactor. If the desired film is an
oxide, such as In0s, this two-step process may provide the desired film thickness by
repeating until a film having the desired thickness has been obtained. By alternating the
provision of the indium film forming composition and co-reactant, a film of desired
compaosition and thickness can be deposited.

[0-119]  Alternatively, if the desired indium-containing film contains three elements, such
as InGaN, the two-step process above (for example, forming InN film) may be inserted by
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introduction of the vapor of an additional precursor compound into the reactor (three-siep
process). The additional precursor compound will be selected based on the nature of the
fiim being deposited. The additional elements may include gallium (Ga), nitrogen (N), sulfur
(&), phosphorous (P}, Tin (3n), arsenic (As), antimany (8b), zinc (Zn}, and mixtures thereof.
When the additional precursor compound is utilized, the resultant film deposited on the
substrate contains indium and co-reactant in combination with the additional element. When
the additional precursor and the In(lll) precursor are used in more than ong ALD super cycle
sequences, a nanoclaminate film is obtained. After introduction into the reactor, the additional
precursor compound is contacted or adsorbed with the substrate. Aflerward, any excess
precursor compound is removed from the reactor by purging and/or evacuating the reactor.
Depending on process requirements, a co-reactant, such as NHs, or an additional precursor
may be introduced info the reactor to react with the indium precursor compound. Excess co-
reactant or precursor is removed from the reactor by purging and/or evacuating the reactor.
In the final steps of the cycle, the remaining co-reactant or precursor may be introduced into
the reactor and excess of remaining co-reactant or precursor is removed by purging and/or
evacuation of the reactor. The entire three-step process may be repeated until a desired film
thickness has been achieved. By alternating the provision of the indium film forming
compaosition, additional precursor compound, and co-reactant, a film of desired compaosition
and thicknass can be depositad.

[0120]  Alternatively, if the desired indium-containing film contains four elements such as
InGaZnQ (1GZ0), the three-step process above may be inserted by introduction of the vapor
of another additional precursor compound into the reactor (four-step process). The cther
additional precursor compound will be selecied based on the nature of the film being
deposited. The additional elements may include gallium (Ga), nitrogen (N}, sulfur (8},
phosphorous (P), tin {8n), arsenic (As), antimony (8b), zinc {(Zn), and mixiures thereof
When another additional precursor compound i3 utilized, the resultant film deposited on the
substrate contains indium in combination with the additional three elements. When the
additional two precursors and the In{l) precursor are used in more than one ALD super
cycle sequences, a nanolaminate film is oblained. In case of forming 1GZ0 fims, the
precursors may include an indium precursor such as [(IPHN===CH===N{PIndihCh, a Ga
precursor such as GaCls or Ga(NQs)s, a Zn precursor such as Zn{NOs): in combination with
a co-reactant Oa. By allernating the provision of the indium film forming composition,
additional precursor compound, another additional precursor and co-reactant, a film of
desired composition and thickness can be deposited.

01241 The indium-containing films resulting from the processes discussed above may
include InOy 0=0.5 10 1.5, y=0.5 to 1.5), In3nC (ITO), InGaZnQ (IGZQ0), InN, InP, InAs,
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InSb, INySs, or combination thereof or a pure indium (In{0)) layer. The Indium-containing
films may contain a second element selected from P, N, §, Gg, As, B, Ta, Hf, Nb, Mg, Al
Sr, Y, Ba, Ca, As, Sh, Bi, Sn, Pb, Co, Zn, one or more lanthanides, or combinations thereof.
One of ordinary skill in the art wili recognize that by appropriate selaection of the film forming
composition and co-reactants, the desired film composition may be obtained. The disclosed
methods may be useful in the manufaciure of a semiconductor material, for example, indium
oxide can serve as a semiconductor material, forming heterojunctions with p-inP, n-GaAs,
n-Si, and other materials. Thin films of indium oxide can be used as diffusion barriers
{("barrier metals”) in semiconductors (e.¢., 1o inhibit diffusion between aluminum and silicon).
f0122] Upon oblaining a desired film thickness, the film may be subject to further
processing, such as thermal annealing, furnace-annealing, rapid thermal annealing, UV e-
beam curing, and/or plasma gas axposure. Those skilled in the art recognize the systems
and methods utilized {o parform these additional processing steps. For example, the (s
fiim may be exposed to a temperature ranging from approximately 200°C and approximately
1000°C for a fime ranging from approximately 0.1 second to approximately 7200 seconds
under an inert atmosphere, an O-containing atmosphere, and combinations thereof. Most
preferably, the temperature range is 350°C to 450°C for 3600-7200 seconds under an inert
atmosphere or an O-containing atmosphere. The resulting film may contain fewer impurities
and therefore may have an improved density resulting in improved leakage current. The
annealing step may be performed in the same reaction chamber in which the deposition
process is performed. Alternatively, the substrate may be removed from the reaction
chamber, with the annealingflash annealing process being performed in a8 separate
apparatus. Any of the above post-treatment methods, but especially thermal annealing, has
been found effective to reduce carbon and nitrogen contamination of the In0; film. This in
furn fends o improve the resistivity of the film.

[0123]  After annealing, the films deposited by any of the disclosed processes may have
a bulk resistivity at room temperature of approximately 50 uchm-cm o approximately 1,000
yohm-om. Room temperature is approximately 20°C to approximately 25°C depending on
the season. Buillk resistivily is also known a8 volume resistivity. One of ordinary skill in the
art will recognize that the bulk resistivity is measured at room temperature on the films that
are typically approximately 80 nm thick. The bulk resistivity typically increases for thinner
films due o changes in the electron transport mechanism. The bulk resistivity also increases
at higher temperatures.

Examples
[0124] The foliowing nondimiting examples are provided to further illustrate
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embodiments of the invention. However, the examples are not intended to be all inclusive
and are not intended to limit the scope of the inventions described herain.

Example 1. Synthesis of [(EUN === C(Me) === N{{BulIn(liHCiz

C!*//Nx
In >‘

[0128] in a Schienk flask under nitrogen fitted with an addition funnel, 1-tert-butyl-3-
ethylcarbodiimide {0.95 equiv, 0.038 mol, 4.79 gram) was dissolved in an ethereal solvent
(120 mL), preferably diethy! ether, and cooled o -78°C. Msthyllithium (1.6 M, 0.87 equiv,
(.038 mol, 24.3 mL) in diethyl ether was added to the flask slowly. The mixture was allowed
to stir for two hours and warmed {o room temperature with stirring. In a separate Schieck
flask a suspension of indium (I} chioride (1.0 equiv, 0.040 mol, 8.87 g) in an ethereal solvent
{200 ml.), preferably dimethoxyethane, was cooled to -78°C. The lithium solution was slowly
added to the suspension, and the reaction was allowed to warm to room temperature and
was stirred for 12 hours. At which time the solvent was removed under reduced vacuum
foliowed by the addition of 250 mL of pentane. The reaction was fillered through Celite, and
the volume was reduced under vacuum. The remaining solution was cooled, and the desired

was isolated (5.84 gram, 45% yield) as a white solid which melted at 88°C. "H-NMR
{benzene-ds, S(ppm}): 0.94 (3H, t, 7.2 Hz), 1.30 (9H, s), 1.57 (3H, s), 3.20 (2H, g, 7.0 Hz).
The vacuum TGA resulis for [{(EDN===C{Me)===N{IBUWHIn{i1)Ch is shown in FIG. 1, which
shows single step svaporation with < 3% residue remaining at 220°C for {(EO)N===C({Me)===
N{IBWIn(IHCl. For a comparison purpose, the vacuum TGA result for InCls is also added.

of InCls. The DSC resuits for [(EOQN===C{Me===N{{Bu)lIn{li)iClzis shown in FIG. 2. [(E}N===
C{Me)===N{BW]In(hHCl: has a vapor pressure of 1 forr at 145°C. FIG. 3 is 'H NMR of [(EDN
===({Me) === N{Bu}lin(H)Clz2in CsDe.

Example 2. Synthesis of [({IPrN===CH===N{PNIIn(HHCh or [{{{(PN===C{H) ===
NEPIHINCIR-Ch2
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[0126] The same procedure was followed for Example 1. Reagenis used were NN'-
bis{1-methylethyimethanimidamide {0.95 equiv, 0.039 mol, 500 g methyllithium (.97
equiv, 0.040 mol, 24.9 ml) and indium (IiI) chioride (1.0 equiv. 0.041 mol, 8.00 g). The
product was isolated (6.10 g, 50% vield) as a white solid which meited at 81°C. "H-NMR
(THF-ds, 8 (ppm)y: 1.16 (12H, d, 6.5 Hz), 3.87 (2H, spt, 6.5 Hz), 7.69 (1H, s). The TGA

results for [(PrN===CH===N{Prin(IH)Clz is shown in FIG. 4, which shows single step

comparison purpose, the vacuum TGA result for InCls is also added. As shown, volatility of
[PIN===CH=== N{IPHIn(IDCl, precursor increasas relative o that of InCls. Depending on
the identity of the solvent used for acquiring 'H NMR spectra, the structure was observed
as either the monomer {{(IPNN===CH===N{PnIin(lihCly) or dimer {{{(iPNN===C{H) ===
N{IPHINCIL(p-Chz). The DSC results for [{PriN ==z CH==xN{PHIn(B1Cl is shown in FiIG. 8.
[(PrN === CH === N{PHIn(IHClz has a vapor pressure of 1 torr at 128°C. FIG. 8 is 'H NMR
of [{({PriN===CH===N{PIIn(IHClin THF-ds.

Example 3. Synthesis of [(PriN==C{(nBu)===N{iPr)}In{il)Ch
D
L, /’N\
crln\}i}_/
A

[0127] The same procedure was followed for Example 1. Reagents used were NN'-
diisopropylcarbodiimide (0.95 equiv, 0.048 mol, 575 g), n-butyliithium (0.897 equiv, 0.047
mol, 28.1 mi) and indium (1) chioride (1.0 equiv. 0.048 mol, 10.64 @). The precursor [(iPrN
=== C{nBu===N{PHIn{lIHCl was isclated as a viscous liquid (12.91 g, 73% yield). "H-NMR
{benzene-des, 3(ppm): 0.80 (3H, t, 7.3 Hz), 119 (2H, m), 1.27 (12H, d, 8.5 Hz), 1.33 (2H, m)},
=== N{PHIn(Clz s shown in FIG. 7, which shows single step evaporation with <3% residue
remaining at 250°C for [{{PnN==C{nBu)===N{Pnin(iClz. For a comparison purpose, the
vacuum TGA result for InCls is also added. As shown, volatility of [({PriNe==C{nBu)===
N{EPHHN(HKC: precursor increases relative to that of InCls. The DSC results for [((PrN===
C{nBu)===N{iPN]in(i)Cizis shown in FIG. 8. [((IPrN===C{nBu)===N{iPrjliin{iihHCl; has a vapor
pressure of 1 forr at 155°C. FIG. 8is "H NMR of [(iIPrN===C(nBu) === N{PHIIn(HHChin CsDs.
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Example 4. Synthesis of [(EUN === C(nBu)===N{IBu)lIn(i)Cl,

¢ ;
o N
c:’in\!é}d

[0128] The same procedure was followed for Example 1. Reagents used were 1-tert-
butyl-3-ethylcarbodiimide {0.95 equiv, 0.048 mol, 599 g}, n-buiyllithium (0.97 equiv, 0.049
mol, 30.3 mi} and indium (1) chioride (1.0 equiv. 0.05 mol, 11.09 g). The precursor [{EDN
== By === N{{Bu)In(INCL was isolated as a viscous liquid (12.18 g, 86% yield). *H-NMR
{benzene-de, S{ppm): 0.77 (3H, , 7.3 Hz), 110 (BH, t, 7.2 Hz), 1.18 (2H, m), 1.30 (2H, m),

N{BWIn(ihClzis shown in FIG. 18, which shows single step evaporation with <8% residus
remaining at 240°C for [(EON === C{nBu)===N{IBWIn(INCl,. For a comparison purposs, the
vacuum TGA result for InCla is also added. As shown, volatility of [(EON===C(nBu)===
N{IBUIN{-Clz precursor increases relative to that of InCla. FIG. 11 is "H NMR of [{(E)N==
C{nBu)=== N(fBu)IIn(H)Cla in CaDe.

Example § Synthesis of [(iPr)N===C{Me)===N{PrHn{liHCiz through lithium amidinate route

e
G, N
i >

o N

AL
i0128] The same procedure was followad for Example 1. Reagenis used were
diisopropyicarbodiimide (0.95 equiv, 0.14 mol, 22.7 mL) methyllithium (0.97 equiv, 0.15 mol,
0.8 mi) and indium (i) chioride (1.0 equiv. 0.15 mol, 33.3 g). The product was isolated
{(25.1 g, 51% vield) as a white solid which melted at 110 °C. "H-NMR (benzene-ds, 5(ppm):
1.20 (13H, d, 6.5 Hz), 1.41 (3H, s}, 3.46 (2H, spt, 8.5 Hz). The TGA results for [(iPr)N===

residue remaining at 200°C for [(IPNN===C{Me)===N{PN]lin(l)Cl. For a comparison
purpose, the vacuum TGA resuit for InClz is also added. As shown, volatility of [(iPriN===

Example 8 Synthesis of [(iPrN===C{Me)=== N{iPNHin(liiCi; through ligand exchange route
Y

\lni >

<N
A

[0130] In a Schienk flask under nitrogen, N, N'-diisopropyi-N-

Ci

]

{frimethyisilvhacetimidamide (1.4 equiv, 0.31 mol, 66 grams) was dissolved in an ethereal
solvent (500 mL), preferably tetrahydrofuran. In a separate Schienk flask under nitrogen,
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indium (il chioride (1.0 equiv, 0.22 mol, 48.8 grams) was dissolved in an ethereal solvent
(260 mL), preferably tetrahydrofuran. With  stirring, the, N N'-diisopropyl-N-
{trimethvisilyhacetimidamide mixture was siowly added 1o the indium halide, and allowed o
stir at room temperature for 12 hours. Atwhich time the solvent was removed under reduced
vacuum o isolate the crude product. A soxhlet extraction was performed with 800 mL of
pentane o isolate the desired product from trace remaining indium (D) chioride. Upon
removal of the solvent, [{(iIPrN==: C(Me) ==z N(PHHIn(IINCly was isolated as a white solid (86,3
grams, 83% yield). Using the ligand exchange route greatly improved the vield of [{(iPriN===
C{Me)===N{PHin(iClz FIG. 13 is "H NMR of [({Pr)N===C(Me)===N{iPr)lin(l1)Clz in CsDs.

D4
%Nii(g;it? -----

AN
0131] In a Schienk flask under nitrogen fitted with an addition funnel, 1-ferf-butyl-3-
ethyicarbodiimide (2.0 equiv, 0.08 mol, 10.10 g) is dissolved in an ethereal solvent (120 mL},
preferably diethyl sther, and cooled to -78°C. Methyllithium (2.0 equiv, 0.08 mol, 50mL) 1.6
M in diethyl ether is added to the flask slowly. The mixture is aillowed to stir for two hours
and warmed to room temperature with stirring. In 8 separate Schieck flask a suspension of
indium ({11 chioride (1.0 equiv, 0.040 mol, 8.87 g} in an sthereal sclvent (200 mL), preferably
dimethoxyethane, is cooled to -78°C. The lithium solution is slowly added to the suspension,
and the reaction is allowed to warm to room temperature and is stirred for 12 hours. Atwhich
time the solvent is removed under reduced vacuum followed by the addition of 250 mL of
peritana. The reaction can be filtered through Celite. Following the removal of solvent [{(EDN
==z (O{Me)==x N(IBUWInCl can be further purified by crystallization or sublimation for solid

materials or distillation for liquid materials.

oty
Prophetic Example 2. Synthesis of [((Me)C)N=C{CHCH)-N{iPrinCl,
N

>
N

[0132] In a Schienk flask under nitrogen fitted with an addition funnel, isoprapyl-imino-
2,2-dimethylpyrrolidine (1.0 equiv, 0.040 mol, 6.17 ¢) is dissolved in an sthereal solvent (120
mlb), preferably diethy! ether, and cooled to -78°C. Methyllithium (1.0 equiv, 0.040 mol, 25

mb) 1.6 M in diethy! ether is added o the flask slowly. The mixture is allowed 1o stir for two
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hours and warmead to room femperature with stiming. in a separate Schleck flask a
suspension of indium (H1) chioride (1.0 equiv, 0.04C mol, 8.87 g} in an ethereal solvent (200
mi.) is cooled to -78°C. The lithium solution is slowly added to the suspension, and the
reaction is allowed to warm to room temperature and stirred for 12 hours. At which time the
solvent is removed under reduced vacuum followed by the addition of 250 mi of pentana.
The reaciion is fillered through Celile. Following the removal of solvent
[{{(Mez)C)N=C({CHCH2)-N{iprilinClz can be further purified by crystallization or sublimation
for solid materials or distillation for iquid materials.

oy
Prophetic Example 3: Synthesis of [{{(Mex)CIN=C{CHCHa)-N{ipri=InCl

[0133] In a Schienk flask under nitrogen fitted with an addition funnel, isopropyl-iming-
2,2-dimethylipyrrolidine (2.0 equiv, 0.08C mol, 12.34 g} is dissolved in an ethereal solvent
{120 mL), preferably diethyl ether, and cooled to -78°C. Methyllithium (2.0 equiv, 0.080 mol,
&0 mL) 1.8 M in diethy! ether is added {o the flask slowly. The mixture is allowed {o stir for
two hours and warmed to room temperature with stirring. in a separate Schieck flask a
suspension of indium () chioride (1.0 equiv, 0.040 mol, 8.87 g} in an ethereal solvent (200
mi} is cooled to -78°C. The lithium solution is slowly added to the suspension, and the
reaction is allowed o warm {0 room temperature and stirred for 12 hours. At which time the
sobvent is removead under reduced vacuum followed by the addition of 250 mL of pentane.
The reaction s filtered through Celite. Foliowing the removal of solvent
H{(Me)CyN=C{CHCH)-N{fpninCl can be further purified by crystallization or sublimation
for solid materials or distillation for liquid materials.

Frophetic Exampie 4 Synthesis of {{Et)N-CH-CH:-N(EQINCl,

~

N
i i
\T/ \Ci
P

[0134] in a Schienk flask under nitrogen fitted with an addition funnel, NN N-
tristhylethyienadiamine (1.0 equiv, 0.040 mol, 577 @) is dissolved in an ethereal solvent
{120 mL), preferably disthyl ether, and cocled to -78°C. Methyllithium (1.0 equiv, 8.040 maol,
25 mb) 1.6 M in disthy! ether is added to the flask slowly. The mixture is allowad to stir for

wo hours and warmed fo room temperature with stirring. In a8 separate Schieck flask a
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suspension of indium (1) chioride (1.0 equiv, 0.040 mol, 8.87 g} in an ethereal solvent (200
mL) is cooled to -78°C. The lithium solution is siowly added to the suspension, and the
reaction is allowed to warm o room temperature and stirred for 12 hours. At which time the
solvent is removed under reduced vacuum followed by the addition of 250 mlL of pentane.
The reaction is filtered through Celite. Following the removal of solvent, [{(EfIN-CHz-CH;-
N{EDHNCI: can be further purified by crystallization or sublimation for solid materials or
distiliation for liguid materials,

Prophetic Example § Synthesis of [{ELIN-CHy-CH-N{EQRINCI
\ ~
N M

[0135] In a Schienk fiask under nitrogen fitted with an addition funnel, NN N-
friethylethyienadiamine (1.0 egquiv, 0.080 mol, 11.54 g) is dissolvad in an sthersal solvent
{120 ml), preferably diethy! ether, and cooled to -78°C. Methyilithium (1.0 equiv, 0.080 mol,
50 mL) 1.6 M in diethy! ether is added {o the flask slowly. The mixture is allowed to stir for
two hours and warmed to room temperature with stirring. In a separate Schieck flask a
suspension of indium (1) chioride (1.0 equiv, 0.040 mol, 8.87 g) in an ethereal solvent (200
mL) is cooled to -78°C. The lithium solution is siowly added to the suspension, and the
reaction is allowed o warm 1o room temperature and stirred for 12 hours. At which time the
sobvent is removed under reduced vacuum followed by the addition of 250 mL of pentane.
The reaction is filtered through Celite. Following the removal of solvent, [{EtIN-CHz-CH;-
N{EDHNnCI; can be further purified by crystallization or sublimation for solid materials or

distiliation for liquid materials.

NGPHIn(InCH:

[0138] 1m0 ALD was performed using altemnating exposures of [(iIPNN===C{nBu)=a=
NEPHIn(ihCh and Oz in an ALD reactor. Nz carrier gas is used o transport the vapor of
[PN===C{nBu)===N{iPN]in(HHClz into the ALD reactor. The ALD sequences are expressed
the exposure for the precursor [(iPHN === C{nBu) === N{iPOIn(liBCl,, the purge following the
precursor exposure, afterward, the exposure of the co-reactant Os, and then the purge
following the exposure o Os. Inp0s ALD films may be deposited on 2 om by 2 cm Si(100)
and glass substrates. The deposition temperature may be 250°C in 1 torr. SEM images are
acquired of the resulting In=Ca film. An energy dispersive analysis of X-rays (EDAX) detector
is used to acquire elemental analysis. AFM, XRD and ellipsometric measurements of the
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resulting IneQs films deposzted on %1(100) surfaces are performed. Other various

(AA), MS-GC, N

AANR
HUNE

anantal

iam of the resulting 05 film.

Prophetic Example 7: Thermal ALD of an InP film using precursor [(iPrN===C{Me)===
NGPHIN(IBCHL

[0137] {PHN==C(Me)===N{Prin(ihCk and P({SiMes); are used as the In and P
sources, respectively. The film deposition cccurs using N» as the carrier gas for precursor
delivery. A purge step of sufficient duration occurs after each precursor is dosed info the
thermal ALD reactor. The cycle is initiated by dosing the [{{PriN==C{Me)===N{Pnlin(ihCk
precursor into the reactor. P{SiMes)s is then infroduced into the reactor to close the cycle.

By transporting the pre

In® film. The deposition
may require no catalyst and may be carried out on a variety of substrates, such as thin Sior
oxide substrates. The substrate temperature is maintained at approximately 150°C. The

resuitmg inP films can then unﬁergo further pr@cassmg such as a thermal annealing siep

Prophetic Example 8 Thermal ALD of an InGaAs film using precursor [{(iPrN==:C(Me)}===
NEPHIN(IHCL

[0138] HPIN===C(Me)===N{PIin(i1}Clz, GaClz and As{SiMea)z are usad as the in, Ga
and As sources, respectively. The film deposition ccours using an ACBC-type supercycle in
which N is used as the carrier gas for precursor delivery. A purge step of sufficient duration
occurs after each precursor is dosad into the thermal ALD reactor. The cycle is initiated by
dosing the [(IPrN===C{Me)===N{PHIn(HClL, precursor into the reactor. As{SiMes)s is
introduced into the reactor. GaCls is then dosed into the chamber. A final dose of As(SiMes)s
closes the cycle. By transporting the pre
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The steps of thermal ALD of InGaAs can also be adjusted to provide films of varying
compositions. The deposition may require no catalyst and may be carried out on a variety
of substrates, such as thin Si or oxide substrates. The substrate temperature is maintained
at approximately 150°C. The resulting InGaAs films can then undergo further processing,

such as a thermal annealing step. The InGaAs films are characterized by vayioust

ey TS R NI Yy ovE
dameantal machanism of

Although the subject matier described herein may be described in the context of
iflustrative  implementations o process one o more  computing  application
features/operations for a computing application having user-interactive components the
subject matter is not fimited {o these particular embodiments. Rather, the techniques
described herein can be applied to any suitable type of user-interactive component
execution management methods, systems, platforms, and/or apparatus.

i01490] ftwili be understood that many additional changes in the details, materials, steps,
and arrangement of parts, which have heen herein described and illustrated in order to
explain the naiure of the invention, may be made by those skilled in the art within the
principle and scope of the invention as exprassead in the appended claims. Thus, the present
invention is not intended 1o be limited to the specific embodiments in the examples given
above and/or the attached drawings.
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What is claimed is:

1. A method for forming an indiumdill)-containing film on a subsirate, the method
comprising the steps of.

exposing the substrate {o a vapor of a film forming composition that contains an
indium{t-containing precursor; and

depositing at least part of the indium{lih-containing precursor onto the substrate 10
form the indium(lib-containing film on the substrate through & vapor deposition proceass,
wharein the indium{lih-containing precursor has the formula:

(&) RN == O(R®) === N(RZJINX,

(RN === C(R?) === N{R*InXJo{11-X)z,
whersin X is chosen from chlorine, bromine and iodine; R' and R? are sach independently
selected from a linear, branched or cyclic Cs to Ce alkyl, vinyl or aryl groups or ~SiR*RR®
wherein R*, R®, R®are each independently selected from a linear, branched or cyclic Gy fo
Ce atkyl, vinyl or aryl groups; R® is selected from H or a linear, branched or cyclic Cq to Cs
alkyl, vinyl or aryl group or ~NRR® where R7 and R® are each independently selected from
H or a linear, branched or cyclic Cy to Cs alkyl, vinyl or aryl groups,

(b)  [{(RZR)CIN=C(CRERTCRIRE)-N(R)]InXz,
{(RERYCIN=C(CRERICRARS)-N(RInX, or
[({(RZRHCIN=C(CRORTCRRE)-N(R)InK]a(u-X)z,

wherein X is chosen from chilorine, bromine and iodine, preferably chiorine; R, R? R? RY,
R® Rfand R7 are each independently selected from a linear, branchad or cyclic C to Co
alkyl, vinyt or aryt groups; RY, R?, R® R4 R® R%and R7 may also be ~SiR*RR' where R,
R® R'Care each independently selected from a linear, branched or cyclic Cq to Cs alkyl,
vinyl or aryl group.,

©  [{RERYN-(CRORT)-C(RRS)-NRNINXz,
[(RER3)N-{CRERT),-C(RIRE)-N(R]InX, or
[{(RPRBIN-(CROR)-CRARE-NR MWInXz(p-X)a,

wherein X is chosen from chiorine, bromine and ioding; RY, R? R* R* R° RPand R’ are
each independently selectad from a linear, branched or cyclic 4 10 Co alkyl, vinyt or aryl
groups; R', R?, R, R* R® R%and R7may also be ~SiR*R*RY where R®, R®, R are each
independently selectad from a linear, branched or cyclic Cy to Gy alkyl, vinyi or aryl group.,

(@) [(RIN=22C(RY)zaz C(RYzaa C(R%) = N(RI)INXe, or

[(RYN==C{R) === C(RY)===C(R%) === N(RY)]2InX,
whersin X is a halogen, preferably chioring; R*, R? R® R* and R%are sach independently
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selected from a linear, branched or cyclic Gy to Ce altkyl, vinyl or aryl groups; R, R? R3 R4
and R® may also be ~SIR®R'R® where R®, R7, R®are each independently selected from a
linear, branched or cyclic Gy to Co alkyl, vinyt or aryl group; Groups R', R? R® and R® may
also be selected from flucrinated linear or aromatic groups, and Group R* may also be
selected from halogens, and

(8)  [N{(BIR'RZRIRHinXz
wherein X is chosen from chioring, bromine and iodine; B, RZ and R® are each
independently selected from hydrogen or a linear, branched or cyclic Gy to Cy alkyl, vinyl or
aryl groups, R* is hydrogen or a linear, branched or cyclic Cq to Coalkyl, vinyl or aryl group
or a ~-SiRSRER7 group wherein R R® and R7 are each independently selected from
hydrogen or a linear, branched or cyclic G, 1o Cg alkyl, vinyl or aryl group.

2. The method of claim 1, wherein X is chioride.

3. The method of ¢laim 1, wherein the indium(l)-containing precursor is [(EDN ===
CiMe) === N{EBUW]In{ihHCl.

4, The method of claim 1, wherein the indium(lil}-containing precursor is [(Pr)N===CH

5. The method of claim 1, wherein the indium(li}-containing precursor is {{Et)N===
C{nBu)===N{BWiIin(H1}Clz.

6. The method of claim 1, wherein the indium(lH)-containing precursor is [(PriN===
Ci{nBu)===N{PNin(EHClz.

7. The method of claim 1, wherein the indium(lif}-containing film is an indium oxide
film, or a binary, tamary and guatamary indium alioy film.

8. The method of claim 1, wherein the indium(lil}-containing film is InGaAs, InOy
{(x=0.5 10 1.5, y=0.510 1.5), nSn0 (TO)}, InGaZnG (GZ0), InN, InP, InAs, InSh, In:Ss, or

N{OH).

G The method of claim 1, wharein the vapor deposition process is an ALD or a CVD

Process.
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10, The method of any claims from 110 8, further comprising the step of exposing the
subsirate to a co-reactant.

11. The method of claim 10, wherein the co-reactant is selected from Os, Oy, H2O, NO,
N2O, NGOz, H0,, O radicals and combinations thereof.

12 The method of claim 10, whersin the co-reactant is selected from NHs, NO, N0,
hydrazines, Nz plasma, Na/H» plasma, NiHs plasma, amines and combinations thereof.

13, A composition for deposition of a film comprising an indiumdiib-containing precursor
having the formula:
{8  [RON=C{RY)=N(R)linXz,
{RMN=za= O(R®) === N(RARINX, or
[({(RIN===C(R®)===N(R*))InX]o{-X)z,
wherein X is chosen from chlorine, bromine and ioding; R' and R? are each independently
selected from a linear, branched or cyclic C; to Cs alkyl, viny! or aryl groups or ~SIRAR®R®
wherein R4, R° Rfare each independently selected from a linear, branched or cydlic G to
Cs alkyl, vinyl or aryl groups; R? is selected from H or a linear, branched or cyclic Cy 1o Cs
alkyl, viny! or aryl group or ~NRR® where R7 and R® are sach independently selected from
H or a linear, branched or cydlic Cy to Ce alkyl, vinyl or aryl groups,
by [{RPRHCIN=C(CRERTCRIR®)-N(R"InXo,
HR?PRIHCIN=C{CRORTCRIR®-N(R"aInX, or
[{(RERJYCIN=C{CRRTCRARZ)-N{R N InX2(1-X)2,
wharein X is chosen from chlorineg, bromine and ioding, RB', R% R®* RY R® R and R’ are
each indspendently selected from a linear, branched or cyclic Cq to Ce alkyl, viny! or ary!
groups; R', R R* R4 R° RPand R’ may also be ~3iR*R*RY where R® R® R'%are each
independently selacted from a linear, branched or cyclic Cq to Ce alkyl, vinyl or aryl group,
{©)  [(RERIN-(CRORT),-C{RRE)-N(RINXz,
[(RZRIIN-(CRORT),-C(R*R)-N(R Y aInX, or
[{RERIIN-{CRER - C{RAR®)-N{R X J=(1-X)2,
wherein X is chosen from chioring, bromine and ioding; R, R? R® R* RS Rand R’ are
each independently selected from a linear, branched or cyclic Cq to Cp alkyl, viny! or ary!
groups; R', R% R* R4 R® R®and R’ may also be ~SIR*R*R'® where R® R® R'%are each
independently selected from a linear, branched or cyclic G to Ce alkyl, vinyl or aryl group,
() [RIN==C{R3===C(RY===C{R%)===N{RHINX,, or
[(R1IN==C(R%) === C(R*)===C(R%) == N(R?)[2InX,
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wherein X is a halogen; R, R?, R®, R* and R®are each independently selected from a
linear, branched or cyclic C to Co atkyl, vinyl or aryl groups; R, R?, R?, Rfand R® may
also be ~SIRPRR® where R® R7, R® are each independently selected from a linear,
branched or cyclic C to Cs alkyl, vinyl or aryl group, and

(@)  IN{(SIRIREZRIRHJiNX,
wherein X is chosen from chiorine, bromine and iodine; RY, R2 and R® are each
independently selected from hydrogen or a linear, branched or cyclic Gy 1o Cs alkyl, vinyl or
aryl groups, R* is hydrogen or a linear, branched or cyclic Cy to Cg alkyl, vinyl or aryl group
or a ~-SiR%RPR7 group wherein R®, R®, and R7 are sach independently selected from
hydrogan or a linear, branched or cyclic G to Cs alkyl, vinyl or aryl group.

14.  The composition of claim 13, wherein X is chioride,

15, The composition of claim 13, wherein the indium(iih-containing precursor is
selected from [(EON===C{Me)===N{BWlIn(E)Clhy, [(IPriN==CH===N{PnIIn(iHClz, {EHN===
CiMe) === N{EBUW]In(ihH O or [(PHN === C(nBu) === N{Pin(1)Ci.

16. A methoed for forming an indium{lil)-containing film on a substrate, the method
comprising the steps of,
forming a chemisorbed and/or physisorbed film, on the surface of the substrate, of
an indium{lih-containing precursor having the formula:
(8 [(RON==CRY)==NRJInXz

[({RT)N =22 C(R?) s N(REPINK [a{11-X )z,
wherein X is chosen from chiorine, bromine and iodine; R' and R? are each independently
selected from a linear, branched or cyclic Cs to Ce alkyl, vinyl or aryl groups or ~SiRIRORE
wherein R*, R® R®are each independently selected from a linear, branched or cyclic Gy fo
Ce alkyl, vinyl or aryl groups; R® is selected from H or a linear, branched or cyclic Cr to Cs
alkyl, vinyl or aryl group or -NR'R® where R’ and R® are each independently selected from
H or a linear, branched or cydlic Cy to Cg alkyl, vinyl or aryl groups,

by [{(RERHCIN=C(CRORTCR*RY-N{R"}}inxXz

H{{RIR*ICIN=C{CRORCRAR®)-N{RYalnX

HURZPRHCIN=C{CRERTCR*R®)-N{R ") nXlo(u-X)z,
wherein X is chosen from chiorine, bromine and ioding; RY, R?, R® R4 R’ R and R7 are
each independently selected from a linear, branched or cyclic Gy to G alkyl, vinyl or ary!
groups; R', R? R3 R R® RPand R’ may also be ~SiR*RRY where R®, R? R are each
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independently selected from a linear, branched or cyclic G to Ce alkyl, viny! or aryl group,
() [{RIRIIN(CRER)-C{RAR®)-N{R]InXz,
H{RZRIN-(CROR)-C{R*R%)-N(RNINX, or
[{RERIN-{CRERT1,-C{RARZ-NIR HINX]2(11-X)2,
wherein X is chosen from chloring, bromine and ioding; R, R? R® R* RS Réand R’ are
each independently selected from a linear, branched or cyclic Cq to Ce alkyl, vinyl or aryl
groups; R', R? R® R* R® R®and R" may also be -SiR*R°R? where R3 R® R'"are each
independently selected from a linear, branched or cyclic Gy to Ce alkyl, vinyl or aryl group,
{d)  [(RYN===C{R3 === C(RY=2=C(R === N{RHINX,, or
HRMN=2=C(R¥) === C(RY) === C(R%) === N{RYzInX,
wherein X is a halogen; R, R?, R®, R* and R®are each independently selected from a
linear, branched or cydlic Cy 1o Cg alkyl, vinyl or anvl groups; RY, RZ, R3, R*and R® may
also be ~SIRPRR® where R® R’, R® are each independently selected from a linear,
branched or cyclic Cy to Ce atkyl, vinyt or aryl group; Groups R, R?, R® and R® may alsco be
selected from fluorinated linear or aromatic groups, and Group R* may also be selected
from halogens, and
(8)  [IN{(SIRTRZRIRYinXz
wherein X is chosen from chlorine, bromine and ioding; RY, R?, and R? are each
independently selected from hydrogen or a linsar, branched or cyalic Gy to Co alkyl, vinyl or
aryl groups, R* is hydrogen or a linear, branched or cyclic Cq to Cealkyl, vinyl or aryl group
or a ~SIR*RERT group whersin R® R8 and R7 are each independently selected from
hydrogen or a linear, branched or cyclic C, to Cs alkyl, vinyl or arvi group.

17.  The method of claim 16, further comprising the step of chemically reacting the
chemisorbed and/or physisorbed film comprising the indium{iih-containing precursor with a
co-reactant.

18.  The method of claim 17, wherein the co-reactant reacting with the indium{iib-
containing precursor in the chemisorbed and/or physisorbad film produces a reaction

product that forms the indium{lih-containing film on the surface of the substrate.

19, The mesthod of any claims from 16 to 18, wherein the co-reactant is selected from
Os, Oy, H20, NO, N:O, NGOy, H:O,, O radicals and combinations thereof.
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20. The method of any claims from 16 {o 18, wherein the co-reactant is selected from
NHa, NO, NoO, hydrazines, N2 plasma, No/H: plasma, NHs plasma, amines and
combinations thereof,
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