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AREA SELECTIVE DEPOSITION OF METAL CONTAINING FILMS

Cross Reference to Related Applications
[0001] This application claims the benefit of priority under 35 U.5.C. § 119 (a8) and (b) to
US Patent Application No. 16/723,771, filed December 20, 2019, the entire contents of which
are incorporatad herein by reference.

Technical Field
[0002] The present invention relates to processes of area selective deposition (ASD) of a
metal containing film using a metal containing precursor. In particular, the metal is a Group
12, Group 13, Group 14, Group 15, Group IV or Group V metal.

Background

[0003] Due to continuous scaling down of semiconductor devices, typical lithography is
about to reach its physical limitation at which structual flaws will become unaviodable, such
as misatignment of contacts. Difficulty of accurate pattern alignment is increasingly difficult
and the biggest issue has been “edge placement error (EPE)”. Hence, the current {op-down
technology needs (o be changed to bottom-up technology using area selective deposition
{ASD) techniques in combination with self-assembled monolayers (SAMS) or inhibitor
formation on surface.

[0004] In practice, it is extremely difficult fo achieve perfect growth seleclivity. This
franslates by a parasitic growth on a blocked surface, which starts on defects of an inhibited
surface {available active sites like —-OH, etc.). This effect limits the maximum thickness grown
on a non-protected surface before a film growth happens on the inhibited surface. To be of
industrial interest, such thickness on a non-protected surface should be maximized, and
parasitic growth on the inhibited swrface {i.e. that transiates into defect islands at the early
stage of the growth) should be suppressed af least {0 a degree that avoids impairment of the
resuiting structure’s function within the finished device and ideally to the maximum extent
possible.

[0005] Metal oxides are commonly used materials for their specific physical properties
{(insulating properties, high dislectric constant, stch resistance, refraclive index, efc.) and the
selective growth of metal oxide is of interest in the semiconductor industry. AlLOs is a common
metal oxide material. A common precursor for forming AlOs is AlzMes (TMA), as it has almost
ali the requirements of a perfect atomic layer deposition (ALD) precursor, such as, volatile,



WO 2021/127470 PCT/US2020/066058

fast saturation, high surface reactivity, eic. However, for the ASD, TMA suffers from iis
exireme reactivity and oxophilic character, as it {ends to react with oxygen that bridges the
surface to the SAM, thus starting the growth of a film on the protected region. As such, the
usage of O-containing inhibitor, such as carboxylic acids, phosphonic acids, acetates, beta-
diketonate, etc. or O-binded SAMs, such as -G-TMS (trimetylsiiang), O-DMS
(dimethyisiiane)-0O, O-SI-R, etc. is not compatible with the usage of highly oxophilic
precursors like TMA.
[0006] Discovery of new and novel precursors that are applicable to the ASD is challenging
due to the difficulties described above. Thus, there are needs {0 provide such precursors {0
meet the requirements of the ASDs.
[0007] US2006193984 discloses processeas for producing the organocaluminum precursor
compounds and a method for producing a film or coating from the organoaluminum precursor
compounds. The organoaluminum pracursor compound represanted by the formuia;

Rs Ry

wherein Ry, Rz, Ry and R, are the same or different and each reprasents hydrogen or an
alkyl group having from 1 to about 3 carbon atoms, and Rs represents an alkyl group having
from 1 to about 3 carbon atoms.
[0008] US2015266904 discloses a compound has a low melting temperature, sufficient
volatility, and high thermal stability suited for use as a material for thin film formation by CVD.
The aluminum compound reprasented by a general formula;

Rs CH,
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wherain Ry and Rz each independently represent g straight or branched alkyl group having
2 0 & carbon atoms; and R represents a methyl group or an ethyl group.
[0009] Beachiey et al. {Inorganic Chemistry, Vol. 15, No. 9, 1876, 2110-21158) discloses
chelation in organcaluminum-nitrogen chemistry including the chelated monomer for the
c@mpcunds (CHé)gAi(CgHs)NCgH4N(C2H5};} (CgHs)gAi(CHs\)NC2H4N(CH3)2,
{Cots)2Al{CaHs)NCoHaN{CH2)2,  ChAHCHNCHINICHs)2, and  {(CHapAISCaHaN{CH:)z,
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having the structure:

chelated monomer

[0010] Barry et al. (Mat Res. Soc. Symp. FProc, Vol 808, p83-89, 2000) discloses

monomeric chelated amides of aluminum and gallium: volatile, miscible liquid precursors for
CVI. The aluminum nitride {AIN) and gallium nitride (GaN) have the following struciure:

/ \ ‘&Me

R o N
N/ .
Me,N NMe,

[0011] Biakeney et al (Inorganic. Nuch Chem. Lett, 9, 423 (1973)) discloses ALD of
aluminum metal films using a thermally stable aluminum hydride reducing agent, in which
volatile dimeric Al dihydride complexas coordinated by simple amido-aming ligands of the
formula (RNYCHCHz{(NMez) (R = Mg, El) have the foliowing structure.
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[0012] McMahon et al. {(J. Chem., Soc., Dalton Trans,, 1999, 67-72) discloses aluminium
compounds containing bidentate figands: ligand base strength and remote geometric control

over degree of association, in which (BulAIN(Me)CHCH:NMe:] is vielded and has the

N
iBU HH“A;//
BuF N

Chot et al. {Chem. Mater,, 10, 2323-2325, 1898) discloses volatile Amidoalanse
CV¥D  of  Aluminum,  HANEDHCHNMe} {1, DMEEDA),

structure:

[0013]
Compounds  for

3
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HaAHN(Me)C2HNMes} (2, TRMEDA) and HAKN(EDCHNEL) (3, TREEDA),

R‘%Ea
Al >
.

H? N RERﬁ
H

RizEtRE RE = Me, 1
R = Me; R?, RS = Me, 2
Ri'=Ee R R=F, 8

[0014] Wissing et al. (Journal of Organomstailic Chemistry, 458, 11-18, 1983} discloses
1.2-alkyt shift within a chelate bonded organoaluminium-enamine 1¢ -3¢,

R Et ROEt R Et
S/ N 1%
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N N @v” AN
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=N Etu”’i’A; R R
fa R =tBu Et§ ‘Et 1B R =By 1R =tBu
2a R ={Pen 2R =tPen 2¢:R =tPen
3a:rR = iPr bR = APy 3o R =Py
Summary

[0015] Disciosed is a process of selectively depositing a metal-containing film comprising
ihe steps of,

a) providing a surface having a plurality of materials exposed thereon
simuitaneously; and

b) exposing the surface to a vapor of a metal-containing film-forming composiiion
that containg a precursor having the formula:

LAM-N(R)HCR 2)a-NR2)

wherein M is a Group 12, Group 13, Group 14, Group 15, Group IV or Group V
element; x+1 is the oxidation state of the M, L is an anionic ligand;, R, R” each are
independently a C4-Cap linear, branched or cyclic alkyl, alkeny!, or trialkyisiiyl group;, R is H
ar a Ci-Chp inear, branched or cyclic alkyl, alkenyl or triaikyisilyl group; n=1 — 4; and

C) preferentially or selectively depositing a film on one or more of, but less than
all of, the plurality of materials on the surface in a vapor deposition process,

wherein al least one of the materials on the surface is al least partially blocked by a
blocking agent thereby reducing or preventing a deposition of the metal-containing film on
said blocked material.
[0018] Also, the disciosed is a process of selectively depositing AlOs film comprising the
steps of:

4
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aj providing a surface having at least one dieleclric material and at least one

metal material exposed thereon simultaneously;

b) exposing the surface to a vapor of (NMex hAI(-NER{CH2)2-NEL); and
C) exposing the surface o a co-reactant HO;
wherein the al least one dielectric material is at least partially blocked by a blocking

agent dimethyidichlorosilane (DMDCS) from the deposition of the AlzCs film through an ALD

process.

10017]

&

&

The disclosed processes may include one or more of the foliowing aspects:
the vapor deposition process being an ALD process;
the process further comprising exposing the surface to a co-reactant seiected from an
oxidizer agent or a nitrogen agent;
the co-reactant baing selectad from Cs, Oy, HO, Ha0:, D0, ROH whersin R = Cy —
Cqo linear or branched hydrocarbon or combinations thereof,
the co-reactant being selected from NHa, NQ, N0, hydrazines, amines or
combinations thersof;
the co-reactant being HG;
the blocking agent forming a SAM layer on the at least one of the materials by dipping
the surface in the blocking agent or vapor sparaying the surface with the blocking
agent;
the plurglity of the materials including at least a dielectric material and at least a metal
material on the surface;
the metal-containing film being deposited on the dielectric film but not deposited on
the metal film by blocking the reactlivity of the metal film by a metal blocking agent;
the metal blocking agent baing selected from a alky! or fluoroatkyl compounds having
a surface reactive chemical function group selected from phosphonic acids, carboxylic
acids, thicls, or trigzoles;
the metal-containing film being deposited on the metal material but not deposited on
the dislectric material by blocking the reactivity of the diglectric material by a dielectric
blocking agent;
the dielectric blocking agent being a compound having the formula R4..SiX,, wherein
sach X are independently a surface hydroxyl reactive group (halide, alkylamino,
alkoxy, acetamide, etc.), and each R are selected from H, a $-Cyp alkyl or fluoroalkyl
group or mixture thergof,

the surface being exposed to the precursor at a temperature ranging from room

(%3]



WO 2021/127470 PCT/US2020/066058

temperature to approximately 500°C;
e the process further comprising the steps of
repeating the exposing to the vapor of the metal-containing film-forming
composition and the exposing o the co-reactant until a desired thickness of the metal-
containing film is formed; and
purging excess vapor of the metal-containing film-forming composition and excess
co-reactant using an inert gas, respectively, 1o separate each exposure, wherein the
inart gas is Na, Ar, Kr or Xeg;
s the precursor being (NMe, ) Al-NE-(CH)2-NEL);
= the blocking agent being dimethyldichiorosiiane (DMDCS); and
= the metal-containing film being an AQO; film.
[0018] Also, disclosed is a composition for selective deposition of a metal-containing film
comprising a precursor having the formula:
LAMENR)HCR 2)-NR"2)
wherein M is a Group 12, Group 13, Group 14, Group 15, Group IV or Group V slement; x+1
is the oxidation state of the M; L is an anionic ligand, independently selected from
dialkylamine, alkoxy, alkylimine, bis(trialkyisilylamine), amidinate, betadiketonate, keto-
imine, halide, or the like, R, R" each are independently a C4-Cyp linear, branched or cyciic
alkyl, alkenyi, or trialkylsilyl group, R is H or a C4-Cqyp linear, branched or cyclic alkyl, alkenyl
or trialkyisilyl group; n =1 ~ 4.
[0019] The disclosed compositions include one or more of the following aspects:
s M= A
s M=8, Ga, In, lanthanide elements, P, As, Sk or Bi;
e X=
s L baing a dialkylamino ligand ~NR'R? wherein R, R? each independently are a linsar
or branched alkyl group having 1 to 5 carbon atoms;
e R'=R?=Me,

& N=2;

¢+ R =Me Et Pr, By
s R =H;

e R =Ms, Et,

s the precursor being (NMehAI-NEI-{CHz)o-NE);

e the Al-cortaining precursor being selected from (NMe:2)pAl(-NMe-(CHz)z-NMez),
(NMea b AINE{CHa)-NMen),  (NMe2)AICNP-(CHz)2-NMez),  (NMea)A-NPr-
{CHz)-NMez),  (NMe:zpAICNBu-(CHz)a-NMez),  (NMe2)Al-NBu-{CH2)o-NMey),
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(NMe2)oA-NBU-(CH)o-NMes),  (NMea)oAI-NBU-CHo)o-NMes),  (NEta)Al-NMe-
{CHz)-NMey), {NEL)RAI-NEL{CH2)-NMe2), {(NELRAI-NPr-(CH2)2-NMeay),
(NEL ) AI-NPr-(CH2)o-NMes), (NEL)LA-NBU-(CHa)o-NMes), {(NEL2)AK-N,Bu-
(CHrNMe),  (NELRANBU-CH-NMes),  (NEt)A-NBU-CHa)-NMes)
{NPr2)A-NMe-(CHz)a-NMez), (NPrajAl(-NE-(CHz)a-NMeaz), (NFra)Al-NPr-{CHz)o-
NMe2), (NPr)AINPHCH)-NMes), (NPra)oAlNBU-(CH)2-NMes),  (NPra)zAl(-
NaBU-(CHa)-NMez), (NPr)2AlNBUACHz)z-NMez), (NPra)zA-NBU-(CHz)-NMes),
(NoPEA-NMe-(CHz)-NMes),  (NaPro)eANE(CHa)-NMes),  (NaPra)oANPr-
(CHozNMez),  (NoPraANPRHCHa-NMez),  (NoPr)oAINBU-(CHz)-NMes),
(NP2 AN BU-(CH)z-NMez),  (NaPra)Al-NBU-CHz)-NMes),  (N,Pra)Al(-NBu-
(CHrNMes),  (NoBUzANMe-(CHoo-NMeE),  (NaBU2)2ANEL(CH)-NMey),
(NGBUZAINPHCH)-NME),  (NaB)o AN Pr-(CHzl-NMez),  (NoBuz)2AlNSU-
(CH2NME),  (NoBuzloA-NBULCHZ-NMes),  (NoBuz)2A-NBU-(CHz)2-NMey),
{NaBuzh AI-NsBu-{CHzo-NMes), (NBuRAI-NMe-{CHak-NMes),  (NiBubhA-NEL-
{CHz)z-NMey), (NBuz)2AN-NPr-(CHz)o-NMey), (NBU R AN-NGP-(CH)-NMey),
(NBLzRAIFNBU-(CHz)2-NMez),  (NBuz)Al-NBu-(CHz)e-NMe2),  (NBuz)AI-NBu-
{CHa-NMez),  {(NBu2)2AI-NBu-(CHa)a-NMez),  (NBuz)AIl-NMe-{CHa)a-NMe2),
(NBU)AI-NE(CHo)-NMes),  (NBU2ANPr-(CH)-NMes),  (NBUz)sAl(-NPr-
{CHz)2-NMes), {(NBuUz)2AH-NBu-{(CHz)z-NMey), {(NiB2)2 Al-NLBu-{CHzz-NMes),
{NBLzAI-NBU-(CHz)2-NMez),  (NBuzl AICNBU-(CHz)-NMes),  (N:BuzhAl(-NMe-
{CHz)z-NMey), {N:Buz AI-NE(CH,)o-NMey), {NsBu2)2AI-NPr-(Chg)-Niey),
(NBUz)AU-NPT-(CH)2-NMez),  (NeBUziANBU-CHe)2-NMez),  (NaBuz)oAl(-N,Bu-
(CH2)NME),  (NeBuzlAINBU-CH)-NMes),  (NsBU2)AINBU-CHa)2-NMe),
(NMe2)2Al-NMe-(CHz)2-NEL), (NMez)zAl-NEt-{CHa)z-NEL), (NMez)Al-NPHCHa)-
NEL), (NMez)AI-NGPr-{CHzla-NEL),  (NMezhA-NBU-{CHz)2-NEL),  (NMezlAl(-
NaBu-(CHz2)2-NE®),  (NMez ) AI-NBU-(CHZ)-NEL),  (NMe2)AN-NsBu-{CHz)2-NEL),
(NEt)AI-NMe-(CH-NEL),  (NEL)AINER(CH2)-NEL),  (NEtAI-NP-(CH)a-
NE), (NEt)Al(-NaPr-(CH2)z-NEL), (NE)A-NBU-(CHz)-NER), (NEt)Al-N,BuU-
{CHz)o-NEL), (NELLAIGNBU-(CHz)-NEL), (NELRAI-NBU-(CHzl-NEL), (NPra)Al(-
NMe-(CHolo-NEt),  (NPra)2AlGNES(CHz)-NEL),  (NPR)AINP-(CHz)a-NEL),
(NPE2)2AN-NoPr-(CH2)2-NEL2), (NPr2)zAl-NBU-(CH)z-NEL), (NPrazAl-NaBu-(CHz)z-
NEL), (NPr2)2Al(-NBULCH2)2-NEL), (NPr)2Al-NBU-CH)e-NEL), (NaPr2)zAl-NMe-
{CHa)z-NEL), (NGPr)Al-NES{CH2)-NED), (NaPrade AIGNP-{CH)-NEL), (NSPraAl(-
NaPr-(CHz)z-NEL),  (NaPrapAl-NBu~(CHz)a-NER),  (NaPr2)2A-NBu-(CHz)2-NEt),
{(NaPraAICNBU-{CH)-NER),  (NoPrajeA-NBU-{CH)-NEL),  (NaBuzAI(-NMe-

i
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(CHz)-NEL), {(NaBuUz)2Al(-NE-(CHz)o-NEL), {NBuUz}2AH-NPr-(CHa)o-NEL),

{(NoBUzp2AI-NGPT-{CHz)2-NEL),  (NaBu2)2AI-NBU-{CHz)2-NEL),  (NaBuz)zAl(-NaBu-
{CHa)a-NEL), {(NaBuz)2Al(-NBu-(CHz)-NE1), {NnBUz 2 Al(-NsBu-(CHz2)2-NEt),
(NBu2)2AI-NMe-(CHaz)e-NE), (NBuzRAI-NER{CH2)-NEL), (NBu2)AI-NPr-{CHz)o-
NEL),  (NBuRAICNPr-(CH2)-NEL),  (NBu2)AICGNBU-(CHa)-NEL),  (NBuzhAl(-
NaBu-{CH2)2-NEfz2},  (NBu2pAI-NBu-(CHz)a-NEL),  (NBuzhAI-NBu-(CHz)-NEL),
(NBuAK-NMe-(CHz)o-NEL), (NBuz)AI-NERHCH)-NER), (NBu2)AI-NP-{CHz)e-
NEL),  (NBuA-NPr-(CH2)-NE),  (NBuUAIGNBU-(CHz-NEL),  (NBuzhAl-
NaBU-(CHu)2-NE),  (NBuxlAINBU-(CH2)2-NEL),  (NBuU2)2AI(-N:Bu-(CHz)2-NE),
(N:Bu)oAI-NMe-(CHa)a-NEL),  (NsBup)AI-NE{CH-NEL),  (NeBuz)Al-NPr-
{CHz)o-NEL), {(NsBuz AN Pr-{CH2)2-NE), {(NsBu2)2AN-NBU-(CHz)2-NEL),
{(NsBu)2AN-NBu-(CH2)2-NE), (NsBuz)2AINBU-{CH)2-NE), or (NsBua)2Al(-N:Bu-
(ChHz)a-NEt);

« the composition comprising between approximately 95% by weight or wiw and
approximatsly 100,0% whw of the precursor,

s the composition comprising between approximately 99% by weight or wiw and
approximately 99.999% whw of the precursor,

s the composition comprising between approximately 99% by weight or wiw and
approximately 100,0% wiw of the precursor;

s the composition comprising between approximataly 0.0% by weight or w/w and
approximately 5.0% whiv impurities;

s the composition comprising between approximately 0.0% by weight or wiw and
approximately 0.1% wiw impurities; and

« the composition comprising between approximately G ppbw and approximatsly 500
ppbw metal impurities.

Notation and Nomenclature
(80207 The following detailed description and claims utilize a number of abbreviations,
symbols, and terms, which are generally well known in the art, and include:
[6021] As used herein, the indefinite article “a8" or "an” means one or maore.
[0022] Asusadherein, "about” or "around” or “approximately” in the text or in a claim means
£10% of the value stated.
[0023] As used herein, “room temperafure” in the t&d or in a claim means from
approximately 20°C to approximately 25°C.

[80024] The term “ambient temperature” refers io an environment temperature
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approximately 20°C to approximately 25°C.

(00251 As used in the disclosed embodiments, the term “independently” when used in the
context of describing R groups should be understood to denote that the subject R group is
not only independently selected relative o other R groups bearing the same or different
subscripts or superscripts, but is also independently selected relative to any additional
spacies of that same R group. For example in the formula MRV{NR?*R3)4.», where x is 2 or
3, the two or three R groups may, but nesd not be identical to each other orto R%or to RS
Further, it should be understood that unless specifically stated otherwise, values of R groups
are independent of each other when used in different formulas.

(80267 The term “substrate” refers to a material or materials on which a process is conducted.
The substrate may refer to a wafer having a maieral or materials on which a process is
conducted. The substrates may be any suitable wafer used in semiconductor, photovoltaic,
flat panel, or LCD-TFT device manufacturing. The substrate may also have one or more
fayers of differing materials already deposited upon it from a previous manufaciuring
step. Forexample, the wafers may include silicon layers {(e.g., crystaliine, amomphous, porous,
gtc.), silicon containing layers (e.g., SIC:, SIN, SION, SICOH, efc.), metal containing layers
{2.q., copper, cobalt, ruthenium, tungsten, platinum, palladium, nickel, ruthenium, gold, ate.)
or combinations thereof. Furthermore, the subsirate may be planar or patierned. 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, ZrQ; based materials, HfO, based materials, TiO; based
materials, rare earth 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 skill
it the art will recognize that the terms “film” or “layer” used herain refer to a thickness of some
material iaid on or spread over a surface and that the surface may be a trench or a line.
Throughout the specification and claims, the wafer and any associated layers thereon are
referred {0 as substrates.

(80271 The term “aspect ralic” refers to a ratio of the height of g trench {or aperiure) to the
width of the trench {(or the diameter of the aperiure).

[0028] Note that herein, the ferms "fiilm” and "layer” may be used inferchangeably. 1t is
understood that a film may correspond to, or related to 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 laid on or spread over a surface and
that the surface may range from as large as the entire wafer to as small as a trench or a line.
(00291 The terms “via”, “aperture” and “hole” are sometlimes used interchangeably, and
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generally mean an opening in an interlayer insulator.

[0030] As used herain, the abbreviation "NAND" refers 10 a "Negated AND" or "Not AND"
gate, the abbreviation "20" refers to 2 dimensional gate structures on a planar substrate; the
abbraviation "30" refers to 3 dimensional or vertical gate structures, wherein the gate
structures are stackad in the vertical direction.

{80311 The standard abbreviations of the elements from the periodic table of elements are
used herein. it should be understond that elements may be referred 1o by these abbreviation
{e.g., Sirefers to silicon, N refers to nitrogen, O refers to oxygen, C refers to carbon, Hrefers
o hydrogen, F refers to fluorine, gfc.).

[0032] The unigue CAS registry numbers {i.e., "CAB") assigned by the Chamical Abstract
Service are provided to identify the specific molecules disclosed.

[80331 The term “wafer” or “patterned wafer” refers to a wafer having a stack of silicon-
containing films on a substrate and & patterned hardmask layer on the stack of silicon-
containing films formed for pattern ateh. The term “wafer” or "patterned wafer” may also refers
{0 a trench wafer having an aspect ratio.

[0034] Note that herein, the terms "film” and “laver” may be used interchangeably. It is
undersioond that a film may correspond to, or related to 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 {0 a thickness of some material laid on or spread over a surface and
that the surface may range from as large as the entire wafer 10 as small as a trench or a line.
[8035] Note that herein, the terms “deposition temperature” and “subsirate temperature”
may be used interchangeably. it is understood that a subsirale temperature may correspond
o, or related to a deposition temperature, and that the deposition temperature may refer (o
the substrate temperature.

[0038] 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 room
femperature and ambient pressure. It is understood that a precursor may correspond to, or
related 1o a deposition compound or deposition gas, and that the deposition compound or
deposition gas may refer {0 the precursor.

[80371  As used hersin, the abbreviation "NAND" refers {0 a "Negated AND" or "Not AND”
gate; the abbreviation “2D" refers to 2 dimensional gate structures on a planar substrate, the
abbreviation “3D" refers to 3 dimensional or vertical gate structures, whersin the gate
structures are stackad in the vertical direction.

[0038] The standard abbreviations of the elements from the periodic table of elements are
used herein. It should be understood that elements might be referred {o by these
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abbreviation (e.g., Si refers to silicon, N refers o nitrogen, O refers to oxygen, C refers {o
carbon, H refers (o hydrogen, F refers to fluorine, elc.).

[0039] The unique CAS registry numbers (1e., "CAS”) assigned by the Chemical Absiract
Service are provided to identify the specific molecules disclosed.

(80407 As used in the disclosed embodiments, the term “hydrocarbyl group” refers (o a
functional group containing carbon and hydrogen; the term “alkyl group” refers {o saturated
functicnal groups containing exclusively carbon and hydrogen atoms. The hydrocarbyl group
may be saturated or unsaturated. Either term rafers o linear, branched, or cydlic groups.
Examples of linear atkyl groups include without imitation, methyl groups, ethy! groups, propyl
groups, butvl groups, efc. Examples of branched alkyls groups include without limitation, t-
butyl. Examples of cyclic alkyl groups include without Himitation, cyciopropyl groups,
cyclopentyl groups, cyclohexy! groups, efc.

(80411 As used in the disclosed smbodiments, the abbreviation “Me” refers {0 a methyl
group; the abbreviation “EY refers {0 an sthyl group; the abbreviation "Pr” refers {0 a propyt
Group.

[0042] Ranges may be expressed herein as from about one particular value, and/or to about
ancther particular value. When such a range is expressed, itis to be understood that another
embodiment is from the one particular value and/for to the other particular value, along with
all combinations within said range. Any and all ranges recited herein are inclusive of their
endpoints (e, x=1 10 4 or X ranges from 1 {0 4 includes x=1, x=4, and x=any number in
between), irespective of whether the term "inclusively” is used.

[0043] Reference hergin to “one embodiment” or "an embodiment” means that a particular
feature, structure, or characteristic described in connection with the embodiment may be
included in at least one embodiment of the invention. The appearances of the phrase "in one
embodiment” in various places in the specification are not necessarily all referring to the
same embodiment, nor are separate or aitemative embodiments necessarily mutually
exclusive of other embodiments. The same applies to the term “implementation.”

Brief Description of the Drawings
(80441 For a further understanding of the nature and objects of the present invention,
refaerence should be made to the foliowing detailed description, taken in conjunction with the
accompanying drawings, in which like slements are given the same or analogous reference
numbers and wherein:
FIG 1 is a flowchart of an exemplary of ASD process;
FIG 2 is X-ray photon spectroscopy (XPS) results after ASD of AlGs film on the W
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water using (NMez)Al-NEH{CHz)-NEL) at 150°C;

FIG 3 is XPS resuits after ASD of ALO; film on the W wafer using (NMez)AI-NEL-
{CHz)e-NEt) at 200°C;

FIG 4 is XP3 results after ASD of ALQOs film on the W wafer using (NMez):Al(-NEL-
{CHz)a-NEL:) at 280°C;

FIG & is XPS results after ASD of AlLO: film on the Si0Os wafer using (NMez)Al(-NEE-
{CHzj2-NEt) at 150°C;

FIG 8 is XPS results after ASD of ALQOa film on the Si0, wafer using (NMez b AINEL
(CHz)o-NE) at 200°C; and

FIG 7 is XPS results after ASD of Al.Os film on the Si0z wafer using (NMez)2AI(-NEL-
(CHz)a~NEt:) at 250°C.

Description of Preferred Embodiments
[6045] Disciosed are metal-containing film forming compositions comprising a metal-
containing precursor containing amincamide ligands, methods of using the same to deposit
metal-containing films for manufactureing semiconductor devices. More specifically, the
disciosed are processes of area selective deposition (ASD) of the metal-containing precursor
containing the aminocamide ligands 1o form the metal-containing films. The amincamide
figands that provide a coordinate bond to the metal center may reduce oxophilic characters
of the metal center and limit accessibility of the precursor {0 oxygen in an inhibitor by steric
effect. The disciosed precursors are new designs of precursors containing Group 12, Group
13, Group 14, Group 15, Group IV or Group V elements having heteroleptic ligands, one of
which is a mullidentate ligand. The disclosed methods are able o fine tune selective
depositions under mild process conditions, such as deposition temperatures ranging from
room temperature to approximately 500°C. Furthermore, the disclosed ASD are highly
selective depositions of Group 12, Group 13, Group 14, Group 15, Group IV or Group V
element containing thin films on dislectric or metal substrates.
(80487 The disclosed precursors are capable of seleclive deposition of metal oxide films
aven though an O-containing inhibitor, such as O-binded self-assembled monclayers (SAM),
is used,
[0047] The disclosed amincamide ligands have a general formula:

-N{R}-{CR2)a-NR"2 {

wherein R, R” each are independently a Cy-Cag linear, branched or cyclic alkyl, alkenyl, or
iriglkylsilyl group; R is H or a C4-Cyp linear, branched or cyclic alkyl, alkenyl or trialkylsilyl
group; n=1~ 4 Preferably n= 2 or 3, R= Me, Et, Pr, Bu, and R'= Me, EL
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[0048] The disclosed aminoamide ligands may form the metal-containing precursors for
depositing metal-containing films with ASD process having the following formuia;

LM {-N(R)-(CR’2)»-NR"z) {ih
wherein M is a Group 12, Group 13, Group 14, Group 15, Group IV or Group V metal, x+1is
the oxidation state of M, L I8 an anionic ligand, independently selected from dialkylamine,
alkoxy, alkylimine, bis(friglkylsilylamine), amidinate, betadiketonate, kelo-iming, halide, elc.;
R, R" each are independently a C:-Cyo linear, branched or cyclic alkyl, alkenyl, or trialkylsilyl
group; R is H or a C-Cyg linear, branched or cyclic alkyl, alkenyl or trialkylsilyl group, n =1 -
4. Preferably, M = Al x = 2; L is a dialkylamino ligand —NR'R? wherein R', R? each
independently are a linear or branchad alky! group having 1 to 5 carbon atoms, preferably R'
=R¥=Me; n=2, R=Me Et Pr, By R =H; R = Me, Et.
(80491 Exemplary Al-containing precursors include
(NMe2jAl-NMe-{CHajo-NMea),  (NMezlA-NES(CHz)o-NMez),  (NMe ) AI-NPr-(CHa)a-
NMes), (NMezhAINGPr-{CHz)o-NMey),  (NMes ) AIGNBU-{CH2)2-NMes), (NMes) Al-N.Bu-
(CHa)o-NMez), (NMeo)2AI-NBU-(CHo)o-NMes), (NMez)2Al(-NBu-(CHaz)z-NMesz), (NEL LAl
NMe-(CHa)a-NMez), (NELRAICNERCHz)z-NMes), (NELRAICNPH-CHz)e-NMes), (NE)Al(-
NpPr-(CHz)z-NMez), (NEf2)AI(-NBu-(CHz)2-NMey), (NEf2)2AI-NABu-(CHa)a-NMas),
(NELRAI-NBU-(CHz)o-NMe,), (NEL)AK-NBU-{CH,)-NMey), (NPr2)Al-NMe-(CHz)o-Nies),
(NP2} AICNE(CHz)e-NMeaz), (NPra)AICNPr-(CHz)2-NMeaz), (NPra)aAl-NPr-(CHz)z-NMez),
(NPRRAICNBU-(CHz)-NMe2), (NP AICGNGBU-(CHz)e-NMez),  (NPr2AICNSBU-{CHz)-
NiMez), (NPrRAICNBu-(CH:)-NMesz),  (NSPra)Al-NMe-(CHz)o-NMes), (NP AI(-NEE-
(CHzja-NMez), (NaPrz)2A-NPr-(CHzla-NMez),  (NaPrajzAI-NpPr-(CHaja-NMez),  (NoPrz)zAl-
NBu-(CHz)z-NMez), (NaPra)2Al(-NBu-(CHzja-NMez), (NaPra)2Al-NEBU-{(CHz)o-NMe2),
(NP AICNBU-(CHo)-NMes),  (NGBua)AICNMe-(CHz)-NMe:z),  (NaBug ) ANER{CHy bo-
NMes), (NaBuabA-NPr-(CHzlo-NMeg),  (NGBu) Al-NGPr-{CHal-NMea),  (NaBug)A-NBu-
{CHz)a-NMe2), (NaBuzhAI(-NBu-(CHala-NMe:), (NaBuz)AI-NBU-{CHz)2-NMa2), {NBuz)Al(-
NsBu-{CH2)2-NMey), (NiBu2)2Al(-NMe-(CHa)a-NMey), {(NBuUz)2AI(-NE-(CHz)o-NMes),
(NBuzAICNPr-(CHzlz-NMez),  (NBuzbAI-NGPr-{CHzl-NMez),  (NBu)ANEBU-(CHz)z-
NMes), (NBu2AIGNBU-{CHap-NMes),  (NBuz)AI-NBU-(CHzje-NMe2), (NBus ) Al(-NsBu-
{CHz)p-NMez), (NBuzhAl-NMe-{CHale-NMey),  (NBuLAICGNERCH-NMey),  (NBu) AN
NPr-(CHz)z-NMesz), (NeBuz)2A-NaPr-{CHz)z-NMes}, {(NBuzl2Al(-NBuU-(CHa)z-NMey),
{(NBU2RAI-NBU-(CH2)a-NMe2),  (NBuz)ANBU-(CHz)o-NMes),  (NBuz)2A-NBu-(CHa)z-
NMez), (NsBug)Al-NMe~{CHojo-NMey),  (NBug)zAl-NE{CHL)o-NMes),  (NBug)Al{-NPr-
{CHzja-NMez), (NsBuz)2AI-NaPr-(CHz)a-NMez), (NsBuz)2AI-NBu-{CHz)2-NMez), (N:Buz)2Al-
NpBu-(CHzjz-NMez),  (NsBuzl2AI-NBU-(CHzjo-NMeaz),  (NsBuz)2AI(-NsBu-(CHz)-NMez),
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(NMez)Al-NMe-(CHa)-NEL), (NMeu ) AI-NEL-(CH2)2-NEL), (NMe) Al-NPr-(CHa)-NEL),
{(NMe2)2Al(-NoPr-(CHz)o-NER), (NMezhA-NBU-(CHz)2-NE), (NMez)2AI(-NBu-(CHz)a-NE),
{(NMez)A-NBU-{CH2)o-NEL), (NMeahANBU-(CH2)2-NEL), (NELAINMe-(CH)-NEL),
(NELRAI-NEHCH)-NER),  (NELRAIGNPr-(CHz)o-NEL),  (NEL)AIGNPr-(CHz)-NEL),
(NELRAI-NBU-{CH)2-NEL),  (NELRAICNBU-{CHze-NEL),  (NELRA-NSU-(CHa)a-NE),
(NELRAICNBU(CH2)a-NEL),  (NPraAICNMe-{CHR)-NE), (NP AIGNER(CHR)-NEL),
(NP AICNPT-(CH)-NER),  (NPra)AIGNPr-(CHz)-NEL), (NPl AIGNBu-(CH:)-NEL),
(NP2} AICNGBU-(CHze-NEL), (NPra)AI-NSU-(CHa)o-NEL), (NPrapA-NBuU-(CHa)a-NEL),
(NaPral Al-NMea-(CHo)o-NEL), (NaPrajeAl-NER{CHo)-NEL),  (NaPra)AINPr-(CHu)o-NEL),
{(NaPr ) Al-NPr-{CH2)2-NE L), (NaPro)2Al-NBU-{CH)o-NEL), (NaPr)zAl(-NBu-(CH:z)a-NEt),
{(NaPrah AI-NBU-(CHa)-NEL), (NaPr2izA-NBu-{CHa-NEt:), (NaBuz)2AI-NMe-(CHa)a-NE),
{(NaBuz)2 AI-NE{CHa)o-NEL), (NaBuglAIGNPr-{CHz)o-NEL), (NaBuz)2AI-NPr-(CH2)a-NEL:),
{(NaBuizp AICNBU-{CHz)a-NEL),  (NaBiiz)AI-NBU-(CHa)o-NED),  (NaBu2)2AI-NBu-{CHa)z-
NEfz), (NaBuzjzA-NBu-(CHzl-NEL), (NBuzlAK-NMa-(CHzle-NEL), (NBuzlzA-NER{CHa)e-
NEL), (NBuziACNPr-(CH,)2-NEL), (INBuUg) AIGNPr-(CHzle-NEL), (NBug b A-NBU-{CHZ)»-
NE), (NBuU2)AI-NBU-{CH2)2-NEL:),  (NBu2)AICNBU-(CH2)2-NEL),  (NBu2)AI-NBu-
{CH2)2-NEt), (NiBuz)zAl(-NMe~(CHz)z-NEL), (NBuz)2AI-NE(CHz)2-NEL), (NBuz)AI-NPr-
(CHu)o-NEt:),  (NBuzAINGPr-{CH2)2-NEL),  (NBu2AICNBU-{CH2)o-NEL),  (NBuz)Al-
NpBu-(CHz)z-NEt), (NBu2)2AH-NBu-(CHz)2-NEt2), (NBuUz)2Al(-N:Bu-(CHz)z-NEL),
{(NsBuaAI-NMe~(CHalo-NEL), (NBuzhAlGNE{CHz)2-NEL), (NsBuz)2A-NPr-(CHa)a-NEt),
(NsBUz}o A-NGP-{CHZ)2-NEL),  (NeBua)2AIGNBU-(CHZ)o-NEL),  (NBuz)zAl(-NBu-(CHz)2-
NEt), (NsBuz)2Al(-NBuU-{CHz)2-NEtz), and (NsBuzj2AI(-NBu-{CHz)2-NEt2).

[0049] Other examplary metal containing precursors may be listed by replacing Al in the
above molecules with B, Ga, In, lanthanide slements, F, As, Sb or B
[0080] One prefered metal-containing precursor is (NMez ) Al(-NEL-{CHa)-NEt:) having the

structure:

/\ N\\ f’,NC

Al

Me,N Nie,

(80511 The disclosed metal-containing precursors contain heteroleptic ligands with one of
which is a multidentate ligand. The disclossd metal-containing precursors offer unique area
selectivity on various substrates.

[0052] The disclosed metal-containing precursors containing Group 12 metal have a

general formula;

14
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n
where M = Zn, L is independently seiecteh from H, a C—Cs linear or branched alkyl group,

an aikoxy -OR group with R being H, an alkyl group, a -NRRy group with Rs, Ry being
independantly H, a C-Cs linear or branched alkyl group, or a SIR's group with each R’ being
independently H or an alky! group; Ry to Ry are independently selected from H or g C-Cs
finear or branched alkyi group; n > Ointeger, 0 <m < 6 integer.

[0083] The disclosad metal-containing precursors containing Group 13 and Group 15 metal
have a general formuia:

m

where M is B, Al, Ga, In, T, P, As, Sb or Bi; L is independently selected from H, a C—Cs
finear or branched alkyl group, an alkoxy -OR group with R being H, an alkyl group, a -NRaFp
group with Ra, Re being independently H, a C—Cs linear or branched alkyl group, or a SiR's
group with each R’ being independently H or an alkyl group, R, 0 Ry are independently
selected from H or a C+—Cs iinear or branched alkyl group; n > 0 integer, 0 < m < § integer.
[0054] The disclosad metal-containing precursors containing Group IV and Group14 metal
have a general formula:

M

where Mis Ti, Zr, Hf, Si, Ge, Snor Pbi;' L is independently selecied from H, a C+Cs linear or
branched alkyl group, an alkoxy -OR group with R being H, an alkyl group, a -NRaRy group
with Ra, Ry being independently H, a C-Cs linear or branched alky! group, or a SiR’s group
with each R’ being independently H or an alkyi group; Ry {0 Ry are independently seiected
from H or a CCs linear or branched alkyl group; n > 0 integer, 0 < m < 6 integer.

[8055] The disclosed metal-containing precursors cortaining Group V metal have a general
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formula:

where M is V, Nb, Ta; L is independently selected from H, a C~Cs linear or branched alkyl
group, an alkoxy -OR group with R baing H, an alkyl group, a -NRRy, group with Ra, Ry being
independently H, a C+Cs linear or branched alkyl group, or a SiR’s group with each R’ being
independently H or an alky! group; Ry to Ry are independently selected from H or a C—Cs
linear or branched alkyi group; n > O integer, 0 < m < 6 integer.

(80567 Preferably, the disclosed metal-containing precursors have suitable properties for
ASD of metal-containing films. FIG 1 depicts a flowchart of an exempiary of an ASD process.
The process is started with a surface cleaning and preparation step (Step 1) for a substrate
{0 be used. A wafer or subsirate used for deposition of 3 metal containing film has at least
two different surfaces exposed simutaneously. For example, the wafer or substrate has at
least one first surface being a metal surface, such as a W (tungsten) surface, and at least
one second surface being a dielectric surface, such as a 5i0; surface. In this step, the wafer
or substrate is cleaned (o remove native oxides or residues. For example, the wafer or
substrate is cleaned 10 remove the native oxides or residues with a diluted HF (1%) for about
1 min and then rinsed with delonized water. One of the ordinary skilied in the art will recognize
that any solverts or sciutions used 1o clean and remove chemicals may be used here o
clean the wafer or substrate. After that, Na gas is blown onto the wafer or substrate to dry the
wafer.

[0057] Next step, Step 2, is the step of SAM maodification or SAM pre-treatment of the wafer
or substrate depending on which surface a desired metal-containing film being deposited. If
2 metal-containing film is to be deposited on the metal surface, a dislectric blocking SAM
fayer is formed using a dislectric blocking agent to modify the dielectric surface for praventing
the metal-containing film from being deposited on it. if a metal-containing film is o be
deposited on the dieleclric surface, a metal blocking SAM layer is formed using a8 metallic
blocking agent o modify the metal surface Tor preventing the metai-containing film from being
deposited on it For the SAM layer formation, the cleaned and dried wafer or substrate is
immersed or dipped in a neat SAM solution for about 24 hours and then rinsed with acetone,
IPA and deionized water. After that, N2 gas is blown onto the wafer or substrate o dry the
wafer. Then, the wafer or substrate is dried under vacuum for about 4 hours. Alternatively,
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instead of dipping the wafer into the neat SAM agent, the SAM layer formed on the wafer or
substrate may be formed by vapor spray of the neat chemical solution thereon, and then
dried by blowing dry Nz. By this step, a SAM layer is grown on sither the dielectric surface or
the metal surface depending on which type of the SAM solution is selected. If the SAM
solution is a metal blocking agent, the SAM layer will grow on the metal surface. If the SAM
solution is a dielectric blocking agent, the SAM layer will grow on the dielectric surface.
[0058] The dislectric blocking agent for blocking the dielectric surface include, but are not
limited to, compounds having 2 formula Ru.SiXe, wherein each X are independently a
surface hydroxy! reactive group (halide, alkylamine, alkoxy, acetamide, ete.}, and each K are
selected from H, a Ci-Cyp alkyl or fluoroalkyl group or mixture thereof. Examples of the
diglectric  blocking agent include dimsthyldichiorosilane (DMDCS);,  tricholorositane
derivatives, X{CH2):SiCls, wherein X = CHs;, Br, CN, n = 717, such as n-
octadecyitrichicrosilane (OTS, CHa(CH:78SICk), octadecylsiioxanses {(ODS), tridecafluoro-
1,1.2,2-tetrahydrooctyltrichlorasiiane  (FOTS), alkyliricholorosiianes  (CH2{CH3),SICls),
bromoundeacyltricholorsilane (Br{CH2}1:SiCls), cyanoundecylcholorasilane (CN{CH2)11SiCls);
phenyl- and pentafiuorophenyl-based silanes; octadecyisiioxanes (ODS), or the ke

[0058] The metallic blocking agent is typicaily an alkyl or fluorocalkyl compound having a
surface reactive chemical function group selected from phosphonic acids, carboxylic acids,
thiols, or triazoles.

[80640] If a dielectric blocking agent is applied, the SAM layer will grown on the dislectric S5i0;
surface due to ~OH hydroxyl-termination groups on the S0, surface, whereas, the meatal
surface will have no SAM grown thereon. The SAM formed on the dielectric SiO, surface
would protect the dielectric 5i0; surface from an ALD of a metal-containing film as shown in
ihe next step.

[0081] The third step (8tep 3) of the ASD process is an ALD process, which is an area-
selective ALD. The subsirate pre-treated by the dielectric blocking agent in Step 2 is placed
into an ALD processing chamber for ALD of a metal-containing film using the disclosed matal-
comtaining precursor. The matal-containing film is selectively deposited on the metal surface
over the dielectric SiO. surface. Conversely, the ALD of the metal-containing films may be
salectively deposited on the dislectric surfaces by blocking the matal surfaces, such as Cuy,
Co, Ru, Pi, efe., using the metal blocking agent to form a metal blocking SAM layer on the
surface. One of ordinary skilled in the art wiil recognize that the substrate may have a plurality
of the first and second surfaces where the first surfaces are selectively deposited with the
metal-containing films by blocking the second surfaces after the SAM pre-treatment on the

substrate. One of ordinary skilled in the art will also recognize that more than one SAM pre-
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treated substrates may be applied for the ASD in the ALD processing chamber, each pre-
freated substrate contains at least two different surfaces and one surface is selectively
deposited with the metal-containing film over the other surface.

(00821 The disclosed metal-containing precursors may be suitable for the deposition of
metal-containing films, such as AlOs, by ASD processes and have the following advantages:

a. liquid at room temperature or having a melting point lower than 50°C;

b thermally stable to enable proper distribution and evaporation using industry
standard methods {(bubbler, direct liquid injection, vapor draw) without pariicle generation
and product decomposition;

C. suitable reactivity with the substrate 1o permit a wide seif-limited ALD window,
allowing deposition of a variaty of Metal-containing films, such as AlxOs, NbN, Nb.Os, st

d. suitable reactivity of the chemisorbed precursor with a co-reactant to form a
metal-containing film in an ALD process; and

e. high thermal stability of the chemisorbed species {0 prevent self-
decomposition and parasitic CVD growth on the surface of the substrate.

[0083] While the disclosed metal-containing precursors are ideally liquids and vaporized in
bubblers or direct liquid injection systems, the use of solid precursors for ALD precursor
vaporization is also possible using sublimators such as ones disclesed in PCT Publication
WIO2008/087609 to Xu et af. Alternatively, solid precursors may be mixed or dissolved in a
solvent {0 reach a usable melting point and viscosity for usage by Direct Liguid Injection
sysiems.

[0084] To ensure process reliability, the disclosed metal-containing precursors may be
purified by continuous or fractional balch distiliation or sublimation prior (o use {0 a purity
ranging from approximately 95% by weighi or wiw {0 approximately 100% wiw, preferably
ranging from approximately 899% wiw {0 approximately 892.998% whw, more preferably,
ranging from approximately 89% wiw to approximately 100% whw,

[80657 The disclosed metal-containing precursors may contain any of the following
impurities: undesired congeneric species; solvents; chiorinated metal compounds; or other
reaction products. In one aliernative, the {otal quantity of these impurities is below 5.0% wiw,
preferably, below 0.1% wiw.

[o068] Solvants, such as hexane, pentane, dimethy! ether, or anisole, may be used in the
precursor's synthesis. The concentration of the solvent in the disclosed Metal-containing
precursors may range from approximaitely 0% wiw to approximately 5% wiw, preferably from
approximately 0% wiw to approximately 0.1% wiw. Separation of the solvents from the
precurser may be difficult if both have similar boiling points. Codling the mibdure may produce
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solid precursor in liquid solvent, which may be separated by filtration. Vacuum distillation
may also be used, provided the precursor product is not heated above approximately its
decomposition point.

(00871 In one alternative, the disclosed Metal-containing precursors contain less than 8%
viv, preferably less than 1% viv, more preferably less than 0.1% viv, and even more
preferably iess than 0.01% viv of any of its undesired congeneric specias, reactants, or other
reaction products. This alternative may provide better process repeatability. This altermnative
may be produced by distiliation of the disclosed Metal-containing precursors.

(00687 in another slternative, the disciosed metal-containing precursors may contain
betweean 5% viv and 50% viv of one or more of congeneric metal-containing precursors,
reactants, or other reaction products, particularly when the mixkiure provides improved
process parameters or isolation of the target compound is too difficult or expensive. For
axample, a mixiure of two Metal-containing precursors may produce a stable, liquid mixture
suitable for vapor deposition.

[0069] in another alternative, the disciosed metal-containing precursors may contain
between approximately O ppbw and approximately 500 ppbw metal impurities.

[6070] The concentration of trace metals and metalicids in the disclosed metal-containing
precursors may each range from approximately Oppb {0 approximately 100ppb, and more
preferably from approximately Oppb to approximately 10ppb.

[o071]  iInaddition (o the disclosed Meatal-containing precursors, a reactant or a co-reactant
may alsc be infroduced into the reactor. The co-reactant may be an oxygen-containing gas
or a nitrogen-coritaining gas for metal oxide film deposition. The co-reactants include, but are
not limited to, oxidizers such as, O, Oz Ho0, HaQ2 D20, ROH (R = Cq — Cap linear or
branched hydrocarbon), etc. Hy0 and ROH (R = Gy — Gy linear or branched hydrocarbon)
are preferred oxidation sources to avoid reacting with the SAM layer formed on the
substrates.

(80721 The ALD seguence may include sequential pulses of several compounds. For
instance, the surface may be exposed to (,/0z followed by H20 in order to increase the
density of hydroxy! groups on the surface.

[80731 Alternatively, the co-reactant may be a nifrogen-containing gas for Nitrogen-
containing film deposition. The nitrogen-containing gas includes, but is not limited o, NHs,
NO, N0, hydrazines, primary amines such as methylamine, sthylamine, tertbutylaming;
secondary amines such as dimethylamine, diethylaming,  di-isoprpylamine,
ethylmethylamine, pyrroliding, terfiary amines such as trimethylaming, triethylamine,
frisilylamine, Ny, No/Ha mixture thereof, preferably NHs. The co-reactant may be selected from
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NHs, NG, N2O, hydrazines, amines or combinations thereof. Preferably, plasma-treated co-
reactants are avoided as they tend 1o damage the SAM layer, unless the SAM layer is re-
formed at each ALD cycle.

[0074] Also disclosed are methods or processes for forming metal-containing films on a
substirate using an ASD process. In one embodiment, the method for forming a metal-
containing film on a substrate comprises the steps of a) providing the substrate having a first
surface and a second surface, b) exposing the substrate to a SAM solution or precursor {o
form a SAM layer on the second surface, ¢} exposing the substrate to a vapor including a
disclosed metal-containing film-forming composition that containg a disclosed precursor, d)
selectively depositing at least part of the deposition precursor onto the first surface (e
deposition on the first surface is selective for the first surface over the second surface) o
form a metal containing film through a vapor deposition process, and-repeating ¢) and d} until
a desired thickness of the metal-containing film is formed. The method further comprises the
step of exposing the substrate o a coreactant following ¢), wherein the co-reactant is
selected from Os, Oy, HO, HaO2, D0, ROH (R = Gy — Cqp {linear or branched) hydrocarbon),
NHs, NO, N2O, hydrazines, amines or combinations thereof. For example, one or a
combination of the above co-reactants may be used for deposition of silicon oxynitride films,
gither by co-flowing the co-reactant, or sequentially. In an allernative embodiment, the
method for forming a metal-containing film on a substrate comprises the steps of a) providing
a surface having a plurality of materials exposed thergon simuitaneously, b) exposing the
surface to a vapor of a disclosed metal-containing film-forming composition that contains the
disclosed precursor as shown on Formula (H), and ¢} preferentially or selectively depositing
a film on one or more of, but less than all of, the plurality of materials on the surface in a
vapor deposition process, wherein at least one of the malerials on the surface is at least
partiaily blockad by a blocking agent theraby reducing or preventing a deposition of the metal-
containing film on said blocked material.

[80751 The method further comprises the step of exposing the substrate to a co-reactant
following the step b), wherein the co-reactant is selactad from Qs Op, Ha0, HaOs, D20, ROH
(R = Cy — Ty (linear or branched)) hydrocarbon, NHa, NGO, NoO, hydrazines, amines or
combinations therecf. The method further comprises the steps of repeating the exposing fo
the vapor of the metal-containing film-forming composition and the exposing to the co-
reactant until a desired thickness of the metal-containing film is formed, and purging excess
vapor of the metal-containing film-forming composition and excess co-reactant using an inert
gas, respectively, {o separate each exposure, wherein the inert gas is Np, Ar, Kr or Xe.
[o076] The disciosed processes using the disclosed metal-containing precursors include
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ALD processes for selective deposition of metal-containing films. Suitable ALD methods
inciude thermal ALD, spatial ALD and temporal ALD methods. Preferably the suitable ALD
methods do not use a plasma, as it is extremely difficul! to grow conformal films in high aspect
ratic with this type of ALD. ltis understood that the suitable ALD may operate in a non-perfect
self-limited growth regime, allowing some parasitic CVD o happen. Such parasitic CVD may
net be a problem as long as the deposited film meets conformily requirements.

(80771 The reaction chamber may be any enclosure or chamber of a device in which
deposition methods take place, such as, without limitation, a parallel-plate type reacior, a
hot-wall type reactor, a single-wafer reactor, a multi-wafer reactor, or other such types of
deposition systems. All of these exemplary reaction chambers are capable of serving as an
ALD reaction chamber.

[0078] The reactor containg one oF more substrates onto which the thin films will be
selectively deposited. A substrate is generally defined as the material on which a process is
conducted. The substrates are cleaned o remove native oxides and dried before SAM pre-
freatment. The subsirates may be any suilable substrate used in semiconductor,
photovoltaic, flat panel, or LCD-TFT device manufacturing. Examples of suitable subsirates
include wafers, such as metal (e.g., W, Geg, stc), silicon, SiGe, silica, or glass. The substrate
may also have one or more surface areas of differing materials already deposited upon it
from a previous manufacturing step. For example, the wafers may include dielectric surfaces
and conductive or electrode surfaces exposed simutaneously, such as, metal surfaces, metal
oxide surfaces, silicon surfaces, silicon [ayers {(crystalline, amorphous, porous, etc.), silicon
oxide layers/surfaces, silicon nitride layers/surfaces, silicon oxy nitride layers/surfaces,
carbon doped silicon oxide (SICOH) layers/surfaces, or combinations thereof. Additionally,
the wafers may include copper, cobalt, ruthenium, tungsten and/or other metal layers (2.g.,
platinum, palladium, nickel, ruthenium, or gold). The wafers may include barrier layers or
electrodes, such as tantalum, fantalum nitride, ete. The wafers may be planar or paltemned.
The subsirate may include layers of oxides which have the oxide surface exposed and are
used as dislectric materials in 3D NAND, MiM, DRAM, or FeRam technologies (for example,
ZrCy based materials, HiO; basad materials, TiO: based materials, rare sarth oxide based
materials, ternary oxide based materials, elc) or nitride-hased films (for example, TaN, TiN,
NbiN) that are used as slectrodes. The disclosed processes may selectively deposit the
metal-containing layer directly on the wafer or directly on one or more than one (when
patterned layers form the substrate) of the layers on {op of the wafer. Furthermore, one of
ordinary skill in the art will recognize that the terms “film” or “layver” used herein refer (o a
thickness of some material laid on or spread over a surface and that the surface may be a
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french or a line. Throughout the specification and claims, the wafer and any associated
layersfsurfaces thereon are referred {0 as subsirates. The actual substrate utilized may also
depend upon the specific precursor embodiment wtilized.

[0079] The disclosed ASD processes using the disclosed metal-containing precursors may
be performed for subsirates having a temperature range from room iemperature to
approximately 500°C. The ASD processing temperature ranges from room temperature o
approximately 500°C, which is typically lower than the temperature of a self-decomposition
iemperature of the SAM.

[0080] The substrate exposure time in the ALD reaction chamber in the disclosed ASD
procasses using the disclosed precursors may range from 1 millisecond 1o 5 minutes,
preferably from 1 second {0 80 seconds. The co-reactant exposure time in the ALD reaction
chamber in the disclosed ASD processes may range from 1 millisecond to 1 minute,
preferably from 100 milliseconds to 30 seconds.

[80817 The pressure within the reaction chamber are held at conditions suitable for the
precursor to react with the surface. For instance, the pressure in the chamber may be held
between approximately C.imTorr and approximately 1000Torr, preferably between
approximately 1 mTorr and approximately 400Torr, more preferably between approximately
1Torr and approximately 100Torr, even more preferably between approximately 17 orr and
approximately 10Torr

(80821 The temperature of the reactor chamber may be controlled by either controlling the
temperature of the substrate holder or controlling the temperature of the reactor wall.
Davices used to heat the subsirate are known in the art. The reactor wall is healed to a
sufficient temperature {0 obtain the desired film at a sufficient growth rate and with desired
physical state and compaosition. A non-limiting exemplary temperature range to which the
reactor wall may be heated includes from room temperature to approximately 800°C,
Preferably from room temperature to approximately 500°C.

[0083] The disclosed ALD process or seguence typically includes steps {0 remove axcess
precursor and excess co-reactant from the deposition surface by providing a purge step,
gither by purging a reactor with an inert gas, or passing the substrate in g sector under high
vacuum and/or a carrier gas curtain. The inert gas is Ny, Ne, Ar, Kr, or Xe, preferably, Np or
Ar

(00841 The disclosed metal-containing precursors and the co-reactants may be introduced
into the reactor sequentially (ALDY. The reactor may be purged with an inert gas between
the introduction of the precursor and the infroduction of the coweactant and after the
introduction of the co-reactant. Alternatively, the substrate can be moved from one area for

b
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precursor exposure 1o another area for co-reactant exposure (spatial ALD).

[o085] Depending on the parlicular process parameters, deposition may take place for a
varying length of time. Generally, deposition may be allowed to continue as long as desired
or necessary o produce a film with the necassary thickness. Typical film thicknesses may
vary from an atomic monolayer to several hundreds of microns, depending on the specific
deposition process, preferably between 0.5 and 100 nm, more preferably between 1 and 50
nm. The deposition process may also be performed as many times as necessary o obtain
the desired film.

[0088] in one non-imiting exemplary ASD type process, the vapor phase of the disclosed
metal-containing precursor is infroduced into the reactor, where the metal-containing
precursor selectively physi- or chemisorbs on a SAM pre-treated substrate. Excess
composition may then be removed from the reactor by purging and/or evacuating the reacior.
A desired gas (for example, Ha0 or Os) is introduced into the reactor where it selectively
reacts with the physi- or chemisorbed precursor in a seif-limiting manner. Any excess
reducing gas is removed from the reactor by purging and/or evacuating the reactor. if the
desired film is a metal-containing film, this four-step process may provide the desired film
thickness or may be repeated until a film having the necessary thickness has been obtained.

Examples
[0087] The following nondimiting examples are provided {o further llustrate embodiments
of the invention. However, the examples are not intended to be all inclusive and are not
intended {o limit the scope of the inventions described herein.

Example 1. ASD of Al:Os film using (NMeg L AI-NELH{CH,)-NEt:) on W and 5i0; walers at
various deposition temperatures

[0088] A tungsten (W) wafer and a SIC, wafer were placed in a container containing diluted
HF {1%) for 1min, then rinsed with DI water and dried with Nz gas. Thereafter, both of the
wafers were immersed in neat dimethyidichlorosilane (DMDCS) for 24 hours. As a result of
this step, a SAM layer was grown on the surface of the SiO: wafer and not grown on the
surface of the W wafer Then, both of the wafers were rinsed with acetone, sthanot and Di
water and dried with Nz gas. After that both of the wafers were dried under vacuum for 4
hours. Next, ALDs of metal-containing films on the Wwafer and Si0; wafer were done in an
ALD reaction chamber using (NMe:z ), AIGNEL-{CH)o-NE!) as a precursor and HO as a co-
reactant at temperatures of 150°C, 200°C and 2580°C, for 50 cycles, resuilting in an AlOs film
selactively deposited on the W wafer. The formed ALQO: film has a thicknass of about Snm

3]
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after the first 50 cycles. FIG 2 (o FIG 4 are XPG results after the ASD of the AlLO: film on the
W owafer using (NMe2)AICNERCHa)-NEL) at temperatures 150°C, 200°C and 250°C,
respectively. FIG § to FIG 7 are XPS resulis after ASD of AlLQ:s film on the Si0, wafer using
{(NMe ) AI-NE-(CHy)2-NEL) at temperatures 150°C, 200°C and 250°C, respectively. The
XPS results of Al contents on the W wafer and the Si0. wafer at various temperatures show
a selective deposition was obtained between the W wafer and Si0: wafer up to 250°C. The
figures depict the Al contents on the W wafer much higher than that on the Si0; wafer. That
is to say, the ALC: film was selectivaly deposited on the W wafer over the SIO; wafer.
Because the SAM formation step generated 3 protect SAM layer on the 3i0: wafer, the
resuiting AbQOs deposition favored the W wafer.

[6088] Although the subject matter described hersin may be described in the context of
ilustrative  implementations to  process one  or more  computing  application
features/operations for & computing application having user-interactive componenis the
subject matter is not limited to these parlicular embodiments.  Rather, the techniques
described herein may be applied to any suilable type of user-interactive component
axecution management methods, systems, platforms, and/or apparatus.

[o080] I will be understood that many additional changes in the details, materials, steps, and
arrangement of parts, which have been herein described and illustrated in order {0 explain
the nature of the invention, may be made by those skilled in the art within the principle and
scope of the invention as expressed in the appended claims. Thus, the present invention is
not intended 1o be limited o the specific embodiments in the examples given above and/or
the attached drawings.

[20981] While embodiments of this invention have been shown and described, modifications
thereof may be made by one skilied in the art without departing from the spirit or teaching of
this invention. The embodiments described herein are exemplary only and notlimiting. Many
variations and modifications of the compaosition and method are possible and within the scope
of the invention. Accordingly, the scope of protection is not limited to the embodiments
described herain, but is only limited by the claims which follow, the scope of which shall
inciude all equivalents of the subject matter of the claims.
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What is claimed is:

1. A process of selectively depositing a metal-containing film, the process comprising
the steps of:

a) providing a surface having a plurality of materials exposed thereon
simultaneously; and

9] exposing the surface {0 a vapor of a metal-containing film-forming
compaosition that contains a precursor having the formula:

LMEN(R)-{CR 2)-NR2)

wherain M is a Group12, Group13, Group 14, Group 15, Group iV or Group V element; x+1
is the oxidation state of the M; L is an anionic ligand; R, R” each are independently a Ci-Cqo
lingar, branched or cyciic alkyi, alkenyl, or triatkylsityl group; R is Hor a Cy-Cqp linear,
branched or cyclic alkyi, aikenyi or triatkyisilyl group; n =1~ 4; and

¢} preferentially or selectively depositing a film on one or more of, but less than
ali of, the plurality of materials on the surface in a vapor deposition process,
wherein at least one of the materials on the surface is at least partially blocked by a
blocking agent thereby reducing or preventing a deposition of the metal-containing film on
said blocked material.

2. The process of claim 1, wherein the vapor deposition process is an ALD process,

3. The process of claim 1, further comprising
exposing the surface to g co-reactant selected from an oxidizer agent or a nitrogen
agent.

4, The procass of any one of claims 110 3, further comprising the steps of

repeating the exposing to the vapor of the metal-containing film-forming composition
and the exposing (o the co-reactant until a desired thickness of the metal-containing film is
formed; and

purging excess vapor of the metal-containing film-forming composition and excess
co-reactant using an inert gas, respectively, {0 separate each exposure, wherein the inert

gas is N, Ar, Kror Xe.

o The process of any one of claims 1 to 3, wherein the co-reactant is selected from
Os, Ca, HO, Ha0Og, D20, ROH wherein R = G ~ Cyp linear or branched hydrocarbon, NHs,
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NO, N2O, hydrazines, amines or combinations thergof.

8. The process of any one of claims 110 3, wherein the co-reactant is HyO.

7. The process of claim 1, wherein the blocking agent forms a SAM layer on the at
feast one of the materials by dipping the surface in the blocking agent or vapor spraying the
surface with the blocking agent.

8. The process of claim 1, wherein the plurglity of the materials include at least a
dielectric material and af least a meatal material on the surface.

8. The process of claim 8, wherein the metal-containing film is deposited on the
dielectric film but not deposited on the metal film by blocking the reaclivity of the metal film
by a metal biocking agent.

1G. The process of any one of claims 1, 8 and 8, wherein the metal blocking agentis
selactad from an alky! or flucroalky! compounds having a surface reactive chamical function
group selected from phosphonic acids, carboxylic acids, thiols, or triazoles.

11. The process of claim 8, wherein the metal-containing film is deposited on the metal
material but not deposited on the dielectric material by blocking the reactivity of the
dielectric material by a dielectric blocking agent.

12.  The process of any one of claims 1, 8 and 11, wherein the diglectric blocking agent
is a compound having the formula R4..SiX,, wherein each X are independently a surface
hydroxyl reactive group (halide, alkylamino, alkoxy, acetamide, stc.), and each R are

selected from H, a Cq-Cy alkyl or flucroalkyl group or mixture thereof.

13.  The procass of claim 1, wherain the surface is exposead o the precursor at a

temperature ranging from room temperature to approximately 500°C.

14, The process of claim 1, whersin the precursor is (NMea b AI-NER{CH: 2-NE).

18, The process of claim 14, wherein the metal-containing film is an Al:Os film.
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18. A composition for seleclive deposition of a metal-containing film comprising a
precursor having the formuia:

LM-N(R)}-{CR2)(=-NR"2)
whereain M is a Group 12, Group 13, Group 14, Group 15, Group IV or Group V element;
»+1 is the oxidation siate of the M; L is an anionic ligand, independently selected from
dialkylamine, alkoxy, alkylimine, bis(iriglkyisilylamine), amidinate, betadiketonate, keto-
imine, halide, or the like; R, R” each are independently a C4-Cyp linear, branched or cyclic
alkyl, alkenyi, or trialkyisilyl group; R’ is H or a C4-Cyp linear, branched or cyclic alkyl,
alkenyl or trialkylsilyl group; n =1 -4,

17, The composition of claim 18, wherein the precursor is (NMeaz):A-NEt-{CHazj2-NE).

18.  The composition of either claim 16 or claim 17, wherein the composition comprises
between approximately 85% wiw and approximatsly 100.0% wiw of the precursor.

1€. The composition of either claim 16 or claim 17, wherein the composition comprises
betwaen approximately 0.0% wiw and approximately 5.0% whw impurities.

20. A process of selectively depositing AlzOs film, the process comprising the steps of.

a) providing a surface having at least one dislectric material and at least one
metal material exposed thergon simultaneously;

b) exposing the surface to a vapor of (NMez)2Al-NEI-(CH2)2-NEt); and

¢} exposing the surface to a co-reactant H.0, wherein the al least one dielectric
material is at least partially blocked by a blocking agent dimethyldichiorosiiane (DMDCS)
from the deposition of the AlQa film through an ALD process.



