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A chemical of the formuia:

M{FAB)asDy
wherein M is a rare earth element, preferably selected from Yitrium, La, Ce, Sm,
Th, Yb,
wherein FAR is a Fluorinated Anionic Bidentate, preferably a B-dikstonats, more
preferably hfac, and
wherein D is a neulral ligand with y = 0 to 4, preferable y = 1 or 2 and preferably
each D is independently selected from the group consisting of monoglyme (1,2-
dimethoxyethane; dme), dighyme {bis(2-methoxyethyl) ether), dmp (1,2-
dimethoxypropane), 1-{2-Methoxyethoxy)propane and Ethylene glycol ethyl
methy! ether (2-Methoxyethanol).

2. The chemical of claim 1, wherein M is Ytirium.

3. The chemical of claims 1 or 2, wherein the FAB is a §-dikstonate.

4. The chemical of claim 3, wherein the B-diketonate has a chemical formula |
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wherein each R may independently be CF; or a fluorocarbyl, preferably a
fluorinated, linear or branched C-Cy alkyl, more preferably each R is sither CF;
or CzF5

The chemical of claims 1 or 2, wherein the FAB has a chemical formula i

wherein each E is independently O, &, or N-R’ where R’ is H, a linear or branched
C1~Ce alkyl,

wherein each Q is independently N, P, CH, CF, CR” where R’ is an a linear or
branched C+Cse alkyl,

wherein each R’ may optionally be flucrinated with one or more F(s}, and

wherein each R may independently be CFz or a fluorocarbyl, preferably a
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fluorinated, linear or branched C+-Cs alkyl, more preferably each R is either CF3
or CaFs.
&. The chemical of claims 1 or 2, wherein at least one FAB is selected from the group
consisting of hexafluoroacetylacetone (hfac), trifluoroacetylacetonate (tfac), 2,2-

dimethyi-6,8,7,7,8 8 8-heptafluore-3,5-cctanedione (fod), and combinations thereof

i

The chemical of any one of claims 1 or 2, wherein at least one D is selecied from the
group consisting of monogiyme (1, 2-dimethoxysthane; dme), diglyme (bis{2-
methoxyethyl) ethen), dmp (1,2-dimethoxypropane), 1-(2-Methoxyethoxy)propane
and Ethylene glycol ethyl methyl ether (2-Methoxyethanol), and combinations
thereof.

The chemical of any one of claims 1 or 2, whereiny =1 or 2.

The chemical of any one of claims 1 or 2, wherein at least one D comprises a

phosphorus.

10. The chemical of claim 9, wherein the at least one D is selected from the group
consisting of TriMethyl Phosphate, Tri-n-ButylPhosphate, Tri-(2,2,2-TriFluoroethyl)
Phosphate, Tri-(3,3,3,2,2-pentaFluoroPropyl) Phosphate, and combinations thereof,

11. The chemical of any one of claims 1 or 2, wherein the chemical is a liquid af 1
atmosphere pressure and 50 degrees C or less, preferably liquid at 25 degrees C or
less, more preferably liquid at 20 degrees C or less.

12. The chemical of claim 1 selected from the group consisting of

a. Yitrium(i) hexaflucroacetylacetonate 1,2-dimethoxyethane,

b Yitrium(i) hexaflucroacstylacetionate 1,2-dimethoxypropane,

c. Yitrium(i hexafluoroacstylacsionate 2-Methoxyethanol, and

d. Ytrium(i) hexaflucroacetylaceionate 1-(2-Methoxyethoxyjpropane.

13. The chemical of claim 1 selected from the group consisting of

a. Yitrivm(i hexaflucroacetylaceionate 1,2-dimethoxypropans,

b. Yiriumi) hexafluorcacetylaceionate 2-Methoxysthane!, and

c. Yitrium(i hexafluorocacetylacetonate 1-(2-Methoxyethoxy)propane.

14. The chemical of claim 1 wherein the chemical is Yifrium({lil)
hexafiuoroacetylacetonate 1,2-Dimethoxyethans.

15. The chemical of claim 1 wherein the chemical is Yitrium{il)
hexafluorcacetiylaceionate 1,2-dimethoxypropane.

18. The chemical of claim 1 wherein the chemical is Yiirium{ii)
hexafiucroacetylacetonate 2-Methoxysthanol.

17. The chemical of claim 1 wherein the chemical is Yilrium(il)

hexafluoroacetylacetonate 1-(2-Methoxyethoxy)propane.

18. A chemical composition comprising a chemical according to any one of claims 1-17.
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26,

27.

The chemical composition of claim 18, wherein the chemical according to any one of
claims 1-17 is 95% or more of the chemical composition by weight, by molar percent,
or both.
A chemical composition of claim 19, wherein the chemical according io any one of
claims 1-17 is 98% or more of the chemical composition by weight, by molar percent,
or both.
A chemical composition of claim 20, wherein the chemical according to any one of
claims 1-17 is 99.9% or more of the chemical compaosition by weight, by molar
percent, or both,
A chemical composition of claim 18, whersin the chemical composition has less than
the foliowing amounts of the following specified impurities:

a. Chiorine impurity lower than 1%, preferably lower than 0.1%.
A method of depositing a conformal and adherent MOF or MF; thin film on a surface
of a chemically reactive material that forms all or part of an article of manufacture, the
method comprising the steps of!

a. first exposing the surface to a vapor of a metal coniaining chemical

composition according to claim 18,
b. second exposing the surface {o an oxidant gas, preferably ozone, and
c. repealing steps a. and b, preferably sequentially a. then b, to form a desired
thickness of the conformal and adherent MOF or MF; film on the surface.

The method of claim 23, wherein a temperature during step a. and/or step b. is from
200 degrees C to 350 degrees C, preferabie from 250 degrees C to 300 degrees C,
more preferably from 250 degrees C to 275 degrees C.
The meathod of claim 23 or 24, wherein the conformal and adherent MOF or MF; film
comprises an atomic percentage of less than 15% for oxygen, preferably iess than
10% oxygen, more preferably less than 5% for oxygen, and less than 3% for carbon,
preferably iess than 1.5% for carbon.
The method of any one of claims 23 or 24, whersin the surface of the chemically
reactive material that is coated by the conformal and adherent MOF or MF; film,
comprises structural features having an aspect ratio of 6.25:1 or greater, such as
10:1 or 20:1.
The method of any one of claims 23 or 24, wherein there is no purge of the vapor of
a metal containing chemical composition according to any of claims 12-16 from step

a., prior {o step b.

. The method of any one of claims 23 or 24, wherein a film growth per cycle of

deposition is 0.11 angstroms or greater, preferably 0.14 angstroms or greater, more

preferably 0.24 angstroms or greater, such as 0.24 to 0.30 angsiroms.
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. The article of manufacture of claim 33 or 34, wherein the conformal and adherent

38.

37.
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The method of any one of claims 23 or 24, wherain the MOF or MF; film is from 5 nm
fo 1000 nm in thickness from the underlying surface, preferably 10 nm to 500 nm,
maore preferably 10 nm te 100 nm, such as 20 nm, 25 nm, or 30 nm.

The method of any one of claims 23 or 24, wherein the final MOF or MF; film is 20%
to 100% conformal by scanning slectron microscopy measurements, preferably 50%
to 100%, more prefarably 80% to 100%, such as 95% to 100%.

. The method of any one of claims 23 or 24, wherein the MOF or MF; film is from 10

nm to 100 nm in thickness from the underlying surface and 85% to 100% conformal.
The method of claims 22 or 24, wherein the MOF or MFa film does not peel off the
underlying surface using a peel test with adhesive tape having an adhesion 1o stesl
of 2.5 Nfem according to ASTM 3330/ D3330M-04(2018).

An article of manufacture comprising an chemically reactive material, the article of
manufacture further comprising a conformal and adherent MOF or MF; layer costing
the article of manufacture, wherein M is a rare earth slement, and whersin the MOF
or M coating igyer covers more than 50% of g surface of the chemically reactive
material, preferable more than 80% of the surface, even more preferably greater than
95% of the surface, such as 99% or 98.9 %.

The article of manufacturs of claim 33, wherein M is Yiirium.

MOF or MF; layer coating the article of manufacture is 1000 nm or less in thickness,
preferably 5 nm o 250 nm, more preferably 10 nm to 100 nm, such as 15 nm, 20 nm,
25 nm, or 30 nm.

The article of manufacture of any one of claims 33 or 34, wherein the conformal and
adherent MOF or MF; layer coating the article of manufaciure is 20% to 100%
conformal by scanning electron microscopy measurements, preferably 50% to 100%,
more preferably 80% to 100%, such as 95% to 100%.

The article of manufacture of any one of claims 33 or 34, wherein the conformal and
adherent MOF or MF; layer coating the article of manufacture does not peel off the
article of manufacture using a peel test with adhesive tape, where the adhesive fape
has an adhesion {o stesl of 2.5 N/em according to ASTM D3330 / D3330M-04(2018).

. The article of manufacture of any one of claims 33 or 34, wherein the article of

manufacture is designed for, and configured to operate in, an atomic layer deposition
process in which a surface of the arlicle both comprises the chemically reactive
material and is o be exposad to a deposition process chemical used in the atomic
layer deposition process, and wherein the deposition process chemical is capable of
reacting with the chemically reactive material during the atomic layer deposition

process.
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. The article of manufacture of any one of claims 33 or 34, wherein the article of

manufacture is designed for, and configured {o operate in, an siching gas

environment in which a surface of the article both comprises the chemically reactive

material and is to be exposed to an etching gas that is capable of chemically reacting

with the chemicaily reactive material.

The article of manufacture of claim 39, wherein the etching gas environment is an

etching process in a semiconductor manufacturing process.

The article of manufacture of claim 40, wherein the article of manufacture is a shower

head designed and configured for introducing an etching gas into the eiching process

within an enclosure or chamber.

The article of manufacture of claim 40, wherein the enclosure or chamber is an

etching chamber and the semiconductor manufacturing process is a dry etching

process utilizing a fluorocarbon eiching gas.

The article of manufacture of claim 42, wherein the article of manufacture is a shower

head designed and configured for infroducing an efching gas into the siching process

within an enclosure or chamber.

The article of manufacture of claim 43, wherein the enclosure or chamber is a baich

etching chamber and the semiconductor manufacturing process is a dry eiching

process utilizing a fluorocarbon etching gas.

The article of manufacture of any one of claims 33 or 34, wherein the efching gas

environment is a NFa remote plasma.

The article of manufacture of any one of claims 33 or 34, wherein the surface of the

chernically reactive material comprises structural features having an aspect ratio of

6.25:1 or greater, such as 10:1 or 20:1.

. A method of delivering an etching gas to an eiching process, comprising the step of:
a. introducing the eiching gas into the etching process via an article of

manufacture according t© any one of claims 33 or 34.
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