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LIQUID TITANIUM OXIDE COMPOSITIONS, METHODS FOR FORMING
THE SAME, AND METHODS FOR ETCHING MATERIAL LAYERS OF OR
OVERLYING SUBSTRATES USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

{8061} This application claims the benefit of UXS. Provisional Application No.

61/831,843, filed June 6, 2013,
TECHNICAL FIELD

16001} The technical field generally relates to metal oxide compositions, methods for
forming the same, and methods for etching material lavers of or overlying substrates using
the same, and more particularly relates to liquid titanium oxide compositions, methods for
forming the same, and methods for etching material layers of or overlying substrates using

the same.
BACKGROUKD

[6062] Polymerized metal oxide films from metal alkkoxides have been used in a variety
of applications. In the semiconductor industry, titanium oxide has become a preferred
systern for use as an etch mask for several reasons. Titanium oxide films demonsirate a
significant advantage on ctch selectivity over silicon oxide films in terms of typical
fluorocarbon-based chemistry plasma eich rates. Titanium oxide sol-gels also can be
formed at low temperatures, even at room temperature. In addition, titanium oxide etches
rapidly in peroxide and hydrofluoric acid chemistries providing a high degree of removal
selectivity to other exposed films. This selectivity promotes critical dimnension control, even

as the scaling of semiconductor device features continues,

{8803} However, conventional titanium oxide compositions exhibit several challenges.
The formation of a titasiwn oxide etch mask generally involves the spin-coating of a hiquid
titaninm oxide coraposition in sol-gel form over a semiconductor wafer. This process often
results in unwanted titanium oxide residue on the backside of the wafer. Such surface
tension-induced wraparound of the cast material s commeon in the spin-on polyrer industry

and 18 termed “back-side residue.” This backside residue 1s most often located at the outer
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erimeter of the wafer backside. It is important to remove this residae by a cleaning
solvent rinse (termed “backside rinse,” typically applied in the latier stage of the spin coat
process) to aveid contamination of downstream tool sets. However, current backside rinses,
such as propyiene glyeol methyl ether acetate (PGMEA), methy! sobutyi carbinol (MIBC),
acetone, and others, may only partially remove such backside titanium oxide residue. In
addition to being removable by cleaning solvents, the titanium oxide composition, once
deposited on a semiconductor wafer, and optionally baked, should remain resistant to these
solvents as well as other chemistries used 1n the integrated circuit industry, and more
specifically in lithography such as photoresist casting solvents and photoresist developers,

such as, for example, 2.3% agueous tetramethylammoniam hydroxide (TMAH).

{0604} Accordingly, it is desirable to provide a liquid titanium oxide composition that is
casily reruoved by cleaning solvents during backside rinse and, when baked at a temperature
sbove a preset tomperature, is resistant to these solvent rinses and in addition to photoresist
developers. In addition, it is desirable to provide methods for forming such liquid titanium
oxide compositions. It also is desirable to provide methods for etching material layers of or
overlying substrates using such Hquid ntastum oxide compositions.  Furthermore, other
desirable features and characteristics of the various embodiments will become apparent
from the subsequent detailed description and the appended claims, taken in conjunction with

the accompanying drawings and this background.

BRIEF SUMMARY

18065] Liquid tiantom oxide compaositions, methods for forming such compositions,
and methods for etching material layers of or overlying substrates using such compositions
are provided. In accordance with an exemplary embodiment, a liquid titanium oxide
coniposition contains a solvent systern, an organotitanate, and a high boiling point solvent

having s boiling point in the range of about 140°C to abowt 400°C.

[6066] In accordance with another exemplary embodiment, a lquid composition
includes an organotitanate of a formula: TH{OR )4, where each R can be different and R is an
alkyl radical having 1 to 6 carbons or R is an alkylene oxide. The Hiquid composition further
includes an alcohol, a composition stabilizer, and a high boiling point solvent having a

boiling point in a range of about 140°C to about 400°C. The liquid composition, once
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deposited on a substrate and cured to form a cured film, comprises titaninm in an amount of

about 25 to about 55 wt.% based on a total weight of the cured film.

18667} A wmethod for forming a hquid titanium oxide system in accordance with ap
exemplary embodiment also s provided. The method includes adding an organotiranato to a
solvent system to form a mixture. The organotitanate has the formula: Ti{OR)4, where cach
R can be different and R is an alkyl radical having 1 to 6 carbons or R is an alkylene oxide.
A high boiling point solvent is added to the mixture. The high boiling point solvent has a

boiling point in the range of frors about 140°C 1o about 400°C.

16068} A method of etching a material layer of or overlying & substrate in accordance
with an exemplary embodiment is further provided. The method mchudes providing a
titantum oxide coroposttion. The corsposition contains a solvent system, an organctifanate,
and a high boiling poiot solvent having a boiling point in a range of about 140°C o about
400°C. The method also inciudes depositing the titardum oxide composition overlying the
material layer. Residue of the titanium oxide composition is cleaned from a back side of the
subatrate osing a cleaning solvent sinse. The titanium oxide corpposition is baked and
pattorned to produce a patterned raask and the weaterial layver is etched using the patterned

mask.

DETAILED DESCRIPTION

{8069} The following detaled description is merely exemplary in nature and is not
intended to himit the various cmbodiments or the application and uses thereof. Furthermore,
there is nio intention o be bound by any theory presented in the preceding background or the

following detailed description.

[B818]  In accordance with various embodiments, a hquid titanium oxide composition is
provided. The titantom oxide composifion is suttable for use as an etch mask in
semiconductor processing. In addition, the titanium oxide composition can be used for
other applications such as, for example, an antireflective coating. In one embodiment, the
titaniom oxide composition s formed such that cross-linking during formation of the
titanium oxide composition s inhubited.  Io this regard, the Hquid tianium oxide

composition may be formed without water. In addition, or alternatively, the composition
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may be formed substantially without acid. In addition or aliematively, the corapostiion may
include & composition stabilizer. In another embodiment, the titanium oxide composition
comprises a high boiling point solvent that has a boiling point in the range of from about
1407C to about 400°C. As described jo more detail below, the high boiling point solvent
increases the onset insolubility temperature such that the titanium oxide composition is more
soluble in a backside rinse cleaning solvent used to remove titaniom oxide residue, for

exarople, on the perimeter of the backside of the water,

{0811} In accordance with an exemplary embodiment, the hquid titanium oxide
coniposition contains an organotitanate. As used herein, “orgavotitanate” means titanium-
and oxygen-containing organic materials that can include polymeric, non-polymeric, or
sem-polymeric forms, inchuding polymeric precursors. Organotitanates useful herein are
formed from titantum organo-oxides of the forowla Ti(OR),, where R 13 an alkyl radical
having 1 to 6 carbons or R is an alkylene oxide and the four R's of the formula are not
necessarily the same. Examples of suitable organotitanates include tetraizopropyl titanate
(TIPO), tetracthyl titanate, tetrapropy] titanate, tetrabutyl titanate, tetraisobutyl titranate,
tetra-tert-butyl titanate, tetrahexyl titanate, titanium (polvethylene oxide) triisopropoxide,
titanium diisopropoxide (bis-2 4-pentancdionate), and mixtures thereof. 1n addition, the
organotitanates can be titaniom alkoxides and titanium-oxygen backbone polymers. The
titanium-oxygen backbone polymers can have hydroxy and/or alkoxy and/or acetonate
pendant groups and/or can have a molecular weight in the range of from about 200 to about

10 million Daltons.

[6812] The liquud ttaniom oxide composition also comprises a solvent system. Optimum
solvents are selected on several criteria ranging from filvo coat quality, flashpoint, viscosity,
and shelf life stability of the composition. [n an exemplary embodiment, the solvent system
inclades one or more alcohols, Suitable alcohols for use in the solvent system can be any
Hiquid alcobol that is a solvent for organotitanate. Exemplary alcohols include, but are not
Hmited 1o, methanol, ethanol, ov-propanol, i-propanol, n-butanol, i-butanol, -butanol, sec-
butanol, 1-propoxy-2-propanol, PGME, ethylene glycol, propylene glycol, and the like, and
mixtures thereof The solvent system also may include other components that act as
solvents for organotitanates, such as ethers, esters, aldehydes, carboxylic acids, glycol

cthers, polyglyeol ethers, fluorinated alkances, chlorinated alkanes, and mixtures thercof.
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{6013} o another embodiment, the solvent system contains water, for example, detonized
water, in addition to the alcohol. The water is present in an amount such that only partial
hydrolysis occurs. For example, water may be present in a wateritotal alcobol ratio of from
about 1:35 to abount 1:167. In addition or alternatively, the waier may be present in an

amount of 0.03 to about 3.0 moles/moles of titandum in the organotitanate.

16014} In an alterpative embodiment, the spin-on liquid titapium oxide composition
contains substantially no water. As used herein, the term “substantially no water” means
having vo water or such an amount of water that the physical, chemieal, and/or rheological
properties of the liquid titanivm oxide composition are not identifiably or roeasurably
changed by the addition of the water. For example, “substantially no water” can mean
having less than about 0.1 wt.% water based on the total weight of the liquid titamium oxide
composition. With substantially no water, polymerization of the organotitanate cssentially
does not occur upon mixing of the organotitanate and the solvent. Rather, cross-linking
begins to occur when the liquid titanium oxide composition is spun onto a subsirate, at
which point the composition is exposed to ambient moisture. This ambient moistare may
result in some hydrolysis and polvcondensation and, thus, some cross-linking of the
organgtitanate, which is Hmited by the amount of moisture in the atmosphere. The homdity
within spin coater systems s well controlled and typically ranges from about 35 to about 45
% humidity, The amount of moisture in the ambiont environment is usually significantly
fess than that typically added to an organctitanate during conventional polymerization of the
organotitanate. In this regard, cross-linking is minimized, resulting in a Hquid titanium
oxide composition that, once spun onto a substrate, is significantly easier to remove by a
cleaning solvent than a hquid titamum oxide composition with water added during

formation of the composition.

{8615} In another embodiment, the liquid titaniom composition contains a chelating agent.
The chelating agent stabilizes the composition by inhibiting polymerization during and/or
after formation of the composition, thus extending the useful (e.g., shelf) life of the
composition. Examples of suitable chelating agents include acetic acid, trichloroacetic acid,
oleic acid, 2,4-pentanedione, and the like, and mixtures thercof In an embodiment, the
chelating agent is added to the composition in an amount of from about zero to about 10

wt.% based on the total weight of the composition.
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{80161 The liquid titandum composition further includes a catalyst in accordance with an
embodiment. The catalyst prevents precipitation and self-condensation that would normally
occur during hydrolysis of the organotitanate in alkaline conditions. An example of a
suitable catalyst for use herein is nitric acid, although other suitable catalysts could also be
used. In an embodiment, the catalyst is added to the compositions in an amount of from

about G.01 wt.% to about 2.0 wt.% based on the total weight of the composition.

{86171 In an alternative embodiment, the composition contemplated herein contains
substantially no acid. As used herein, the term “substantially no acid” means having no acid
ot such an amount of acid that the physical, chemical, and/or rheological properties of the
liquid titanium oxide composition are not identifiably or measurably changed by the
addition of the acid. For example, “substantially no acid” can mean having less than about
0.01 wt.% acid based on the total weight of the Hquid fitantum oxide composition. o
another embodiment, the pH of the liguid titanium oxide composition is no greater than 7.
In the absence of acid, or when the pH of the composition is no greater than 7, cross-linking
is inhibited during formation of the liquid titanium oxide composition. As with the absence
of water, this resulis in a hiquid titaniom oxide composition that, once spun onto a substrate,
is significantly ecasier to remove by a cleaning solvent than a liquid titanium oxide

composition with acid or a liquid titanium oxide composttion with a pH greater than 7.

{8018] 1In another embodiment, the Lquid titaviom oxide composition bas a ¢ross-linking
inhibitor and siabilizer (hercinafier reforred to as a “composition stabilizer™).  The
composition stabilizer facilitates kinetic control of the hydrolysis and condensation during
formation of the composition, tius providing control of the polymerization reaction. In this
regard, the cross-linkang of the composition is less with the composition stabilizer than
without it and the composition is easier to remove using a cleaning solvent. Compaosition
stabilizers suitable for use herein include, but are not limited to 2, 4-pentancdione, 3,3-
dimethyl-2 4-pentanedione, 3-methy-2,4-pentanedione ethylacetoacetate, diethyl malonate,
dicthy! malate, ethviene diamune tetra-acetic acid, oxalic acid, oxamic acid, octanoic acid,
oleic acid, dodecylcarboxylic acid, perflucrooctancic acid, cthyl lactate, butylated
hydroxytoluene, I, 3-propane diol, and mixtures thergof, The composttion stabilizer is
present in an amount that does not sigoificantly reduce the amount of titanium in the
composition but is sufficient to inhibit cross-linking of the organotitanate such that spun-on

composition residue is easier to romove. In an embodiment, the composition stabilizer is

&
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present in an amount of about 4 1o about 32 moles/moles titanium, for example, about 8

mol/mol titantum,

[681%] The liquid titanium oxide composition further contains a high boiling point
solvent.  As used berein, the term “high boiling point solvent” means a solvent that is
nuscible in the solvent system described above and has a boiling point in the range of about
140°C to about 400°C. High boiling point solvents with boiling points above 400°C require
higher baking temperatures during formation of the etch mask, which depending on the
therroal properties of the underlying film{s) may or may not lead to integration issues. In
one embodiment, the high boiling point solvents have a viscosity no greater than about 15
centipoise (¢P), for example, no greater than about 10 c¢P.  Examples of suitable high
boiling pomnt solvents include, but are not Himited to, tripropylene glycol methy! ether,
available from the Dow Chernical Company of Midland, Michigan, as Dowanol® TPM with
g boiling point of 243°C, dipropviene glyeol nepropyl ether, available from the Dow
Chemical Company as Dowanol® DPnP with a boiling point of 213°C, dipropylene glycol
butyl ether, avatlable from the Dow Chemical Company as Dowanol® DPoB with a boiling
point of 230°C, tripropylenc glyeol v-butyl ether, available from the Dow Chemical
Company as Dowanol® TPnB with a boiling point of 275°C, carbitol, hexy!l carbitol,
methoxytriglyeol, methyl carbitol, buty] cellosolve, butyl cellosolve acetate, butyl carbitol
acetate, dicthylene glycol pheoyl ether, and roixtures thercof. Tn an embodiment, the high
boiling point solvent is present in the titanium oxide composition in an amount of about .5
wt.% to about 95 wt.% based on the total weight of the composition. The amount of the
high boiling point solvent can be limited by the viscosity of the final composition and the
cffects a more viscous composition as well as a more slowly evaporating composition may
have on the quality of the cast film. In one excmplary embodiment, once formed, the

resulting titaniom oxide composition has a viscosity is no greater than 5 ¢P.

L)

{8828] Ut has been found that the addition of a high botling point solvent increases th
onset insolubility termperature of the resuliing liquid titantum oxide composition, once
deposited onto a substrate and optionally baked. The “onset insolubility teraperature™ is the
iowest baking temperature at which a material cannot be removed from a substrate using a
solvent. Generally, for purposes herein, the onset fnsolubility temperatore is determined by
dispensing a metal oxide composition onto a substrate, such as a semiconducior wafer, for
about 4 seconds. The subsirate is spun at 1500 rotations per mimste {RPM) for twenty

seconds to obtain a 200-300 angstrom thick coating, depending on the solvents used jo the
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composition. {Thicker compositions may warrant thicker coatings.)  The substrate is then
held at zero RPM for 2 minutes. A test cleaning removal solvent, for example, PGMEA at
room temperature, is dispensed onto the metal oxide composition coating for 8.5 seconds,
and the solvent is then spun off at 1500 RPM for 20 secounds. If substantially all of the
coating is removed with no baking, the procedure can be rerun such that, after the substrate
is spun at 1500 RPM for 20 seconds, the metal oxide composition is baked at a desired
teroperature for a period of time such as 60 seconds. The baked metal oxide compaosition
coating is cooled, the cleaning solvent ringe is dispensed for 4 seconds, and then spun off the
coating at 1500 RPM for 20 sec. With or without baking, the coating thickness is measured
at three different locations. If the coating has been removed by the solvent, that is, if the
solvent is able to remove 100 angstroms or more of the coating, the process is repeated with
the baking temperature increased. The onset insolubility temperature is determined to be the
temperature at which the coating was baked or, if not baked, room temperature, and the
solvent was not able to reroove the coating by about 100 angstroms or more.  With regard
to the lLguid titanium oxide composition, the higher the onset insolubility temperature, the
easier it is to remove the spun-on composition with a removal solvent, such as PGMEA,
during a backside rinse process. The addition of a composition stabilizer, the absence of
water, and/or the absence of acid in addition (o use of the high botling point solvent used to
fabricate the liguid titanium oxide composition further serve to reduce cross-linking and
raise the onset insolubility temperature of the composition such that the composition is
gasier to remove than if the composition was formed without such effects. H has been foond
that the hquid fitastum oxide composition with such an increased onset insolubility
temperature still maintains resistance to chemistries such as photoresist developer, such as
2.3% aqueous TMAH, when baked to a temperature higher than the onset insolubility

cmperature.

16021}  In another embodiment, a method for forming a hiquid titanium oxide composition
includes adding an organotitanate 1o a solvent system. As noted above, the solvent system
may contain an alcohol. Any of the alcchols identified above with respect to the solvent
system can be used. In another embodiment, the solvent system contains an alcohol and
water. As noted above, the water may be present 1o a watertotal alcohol ratio of from about
1:55 to sbout 1:167. In addition or alternatively, the water may be present in an amount of
0.5 t0 3 moles/moles organotitanate. The solvent system may alse contain ethers, esters,

aldehydes, carboxyvlic acids, glycol cthers, polyglyeol ethers, fluorinated alkanes,
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chlorinated alkanes, and rmoixtures thereof.  The organotitanate can be any of the
organgtitanate described above having the formula Ti{(OR),, where R is an alkyl radical
having 1 to 6 carbons. The organotitanate is added drop-wise into the solvent system over a
thirty to sixty minute period while the solvent system is vigorously stivved. The temperature
of the solvent system is monitored during addition of the organotitanate to ensure the system
remains below 30°C. In an embodiment, the resulting solution is vigorously stirred for
period of time, such as about two hours, to allow the selution to stabilize and to allow any

reactions to conclude,

{6822} Io an optional erbodiment, a chelating agent and/or a catalyst are added to the
solation after addition of all the organotitanate. The chelating agent and catalyst can be any
of the chelating agents and catalysts described above. In another embodiment, the solution
with the catalyst and/or chelating agent s stirved for a period of time, such as, for example,
8 t0 12 hours. Without wishing to be bound by theory, it is believed that such a period of

time is useful to allow the solution to stabilize.

160231 Next, the solution is diluted such that the liquid titantum oxide composition, once
spun on a substrate and baked, will result in a desired coating thickness,  Any of the
alcohols identified above for use in the solvent system are useful as a difuent to dilute the
solution. In an exemplary embodiment, the diluent may be added in an amount 3 t© 4 times

the amount of alcohol in the solvent system.

{80247 1In an embodiment, once the solution is diluted, a composition stabilizer is added to
the solution.  Any of the composition stabilizers described above can be utihized. The
solution is stirred at room temperature during addition of the composition stabilizer to
obtain a molecularly uniform solution. In an alternative embodiment, the composition

stabilizer 1s added before or with the adduion of the diluent.

[6825)  In a further embodiment, a high boiling point solvent is added to the solution. The
high boiling point solvent, as defined above, can be any of the high boiling point solvents
identified above. The solution is mixed thoroughly for a period of time, for example, one
hour. Wext, the solution s filtered before use. A filter of at Teast 0.1 microns, for example,
and for example less than 50 wmy, is suitable for use. While as set forth above the

composition stabilizer is described as being added before the high boiling point solvent, the

9
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alternative 1 also possible, and the high boiling point solvent can be added to the solution

before the composition stabilizer, ifused, is added.

[8826] A method for etching a material layer of or overlying a substrate is provided in
ancther embodiment. The method inchudes providing a titaniwm oxide coroposition. Any of
the titaniume owide compositions described above with respect to any of the various
embodiments contemplated herein can be utilized. The titanium oxide composition is
deposited overlying & material layer to be eiched. In one embodiment, the material layer
overlies the substrate. As used herein, the terro “overlies” means that the material layer lies
on the substrate or Hes over the subsirate such that intervening layers are disposed between
the material layer and the substrate. In apother embodiment, the material layer is of the
substrate, that 1s, the material layer is integral with the substrate. The material layer can be,
for example, a diclectric, a metal, a sevuconductor material, or any other material used 1o
the semiconductor industry and subjected to patterning and ctching processes. The titanium
oxide deposition is deposited on the material layer using any conventional application

process, such as, for exarople, spin-coating, screen printing, roller printing, or the like.

{68271 During deposition, residue of the titanium oxide composition can deposit on the
back side of the substrate, such as on the perimeter of the substrate. [t is desirable to remove
this residue so that it does not contaminate downstream tool sets. In this regard, in an
embodiment, the residue of the titavium oxide composition next i cleaned from the back
side of the substrate and, optionally, the perimeter edge of the substrate, using a cleaning

solvent rinse. Any of the cleaning solvents described herein can be used.

18028] Once the residue 18 removed, the titantum oxide composition is cured. In one
embodiment, the titanium oxide composition is exposed to the ambient atmosphere to allow
volatile species to ovaporate, thus forming a cured film. In an optional embodiment, the
titanium oxide composition is baked at a temperature above ambient temperature to cure the
composition. The titanium oxide composition can be baked at an oven temperature in the
range of, for example, about 100 to about 700°C, for example, from about 100 to about
S00°C. In an embodiment, once cured, whether by exposure to the ambiont or baked, the
cured film has a titanium concentration in the range of from about 16 to about 60 wt.%, for

cxample, from about 25 to about S5 wi.%, based on a wt.% of the total cured film.
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18029] Once the residue is removed, the titantum oxide composition is patterned to
produce g patterned mask. In this regard, conventional photolithographic processing can be
used. The material Javer is then etched using the patterned mask. The material layer is
etched using an etchant that etches the material layer faster than it etches the cured titanium

oxide conposition.

16036]  The following are examples of liquid titantum oxide compositions and methods for
forming them. The examples are provided for illustration purposes only and are not meant

to limit the various embodiments in any way.
[B831] EXAMPLE 1

{60321 Approximately 300 g of L-propoxy-2-propancl, 5.4 g of deionized water, and 0.2 ¢
nitric acid were added to a round bottom flask and stirred at room temperature. 42.75g of
tetraisopropoxytitanium (IV) was added to an addition fimnel affixed to the flask containing
the solvent system. The tetraisopropoxytitaniom (IV) was allowed to drip into the solvent
systemn for thirty minutes while the solvent system was vigorously stirred. The temperature
of the mixture was monitored and maintained below 30°C. The solution was stured for two
hours. Approximately (145 g acetic acid then was added to the solution during vigorous
stirring.  The solution was allowed to sit overnight.  Nexi, 45.06 g of the solution was
diluted with 164.92 g of 1-propoxy-2-propanol to obtain a titaniura oxide composition that
would resuit in a2 15 nm coating after spin-coating and optional baking. The solution was
mixed thoroughly for one hour, and was filtered with a 0.1 micron filter, resulting in a
titaniam oxide composition “Example 1.7 Example 1 was found to be resistant to TMAH at
room temperature when spin coated onto a semiconductor wafer and baked at 200°C for

sixty seconds in mitrogen gas.
{8833 EXAMPLE2

[6834]  Approximately 1200.4 g of f-propoxy-2-propancl, 21.6 g of deionized water and
0.83¢ of 70% nitric acid were added to a round hottom flask and stirred at room
temperature.  170.53g of tetraisopropoxytitanium (1V) was added to an addition funnel
affixed to the flask containing the solvent system. The tetraisopropoxyiitanium (IV) was
allowed to drip into the solvent systern for thirty minutes while the solvent system was
vigorously stirred. The temperature of the solution was monitored and maintained below
30°C. Two hours after the addition was complete 1.8g of acetic acid was added during
i1
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stirring.  The solution was allowed to stir overnight.  To the solution, 4.78 ¢ of 2.4-
pentanedione was added. MNext, 45.06 ¢ of the solution was diluted with 162216 g of 1
propoxy-2-propano! to obtain a titanium oxide composition that would result o a 15 nm
coating after spiv-coating and optional baking. The solution was mixed thoroughly tor one
hour, and was filtered with a (.1 micron filter, resulting in g titanium oxide composition
“Example 2,7 that is, Example 1 with a composition stabilizer. Example 2 was found to be
resistant to TMAH at room temperature when spin coated onto a semicondactor wafer and

baked at 200°C for sixty seconds in nitrogen gas.

[0635] EXAMPLE 3

[0836] Approximately 300 g of 1-propoxy-2-propanol, 5.4 g of detonized water, and 0.2 g
nitric acid were added to a round bottom flask and stirred at room temperature. 42.75g of
tetratsopropoxytitantam (IV} was added to an addition funnel affixed to the flask containing
the solvent systern. The tetraisopropoxyiitanturn (FV) was allowed to drip into the solvent
system for thirty minutes while the solvent system was vigorously stirred. The temperature
of the solution was monitored and maintained below 30°C. The solution was stirred for two
hours. Approximately 0.45 g acetic acid then was added to the solution during vigorvous
stirring,  The solution was allowed o sit overnight. Next, 45.06 g of the solution was
diluted with 123.69 g of 1-propoxy-2-propanc! and 41.23 ¢ of TPnB to obtain a titanium
oxide composition that would reselt in a 15 nm coating after spin-coating and optional
haking. The solution was mixed thoroughly for one hour, and was filtered with a 0.1 wicron
filter, resulting in a titanium oxide composition “Example 1 + 20% TPnB.”  This
composition was found (o be resistant to TMAH at room temperature when spin coated onto

a semiconductor wafer and baked at 200°C for sixty seconds in mitrogen gas.
[8037] EXAMPLE 4

[6838] Approximately 300 g of 1-propoxy-2-propanol, 5.4 g of dejonized water, and 0.2 g
nitric acid were added to a round bottom flask and stirced at room termaperature. 42.75g of
tetratsopropoxytitanium (IV) was added to an addition fimnel affixed to the flask containing
the solvent system.  The tetraisopropoxyiitanium (TV) was allowed to drip into the solvent
systern for thirty minuies while the solvent system was vigorously stured. The temperature
of the solution was monitored and maintained below 30°C. The solution was stirred for two

hours.  Approximately (.45 g acetic acid then was added to the solution during vigorous
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stirring. The solution was allowed to sit overnight. To the solation, 1.2 g 2,4-pentancdione
was added. Next, 45.06 g of the solution was diluted with 123.69 g of 1-propoxy-2-
propanol and 41.23 g of TPuB to obtain a titanium oxide cormposition that would resultin a
15 nmu coating afier spin-coating and optional baking. The solution was mixed thoroughly
for one bour, and was filtered with a 0.1 micron filter, resulting in 2 titanium oxide
composition “Example 2 + 20% TPnB.” Example 2 + 20% TPnB was found to be resistant
to TMAH at room teruperature when spin coated onto a semiconductor wafer and baked at

200°C for sixty seconds in nitrogen gas,
[B038] EXAMPLES

[0848] Approximately 300 g of 1-propoxy-2-propano! was added to a round bottom flagk
and stirred at room temperature. 42.75g of tetraisopropoxytitanium (IV}) was added to an
addition  funvel affixed to the flask containing  the solvent  system. The
tetraisopropoxyiitanium (1V) was allowed to drip tnto the solvent system for thirty rotnutes
while the solvent system was vigorously stirred.  The temperature of the solution was
monitored and maintained below 30°C. The solution was allowed to stir overnight. To the
solution, 1.2 g of 2, 4-pentancdione was added. Next 45.06 g of the solution was diluted
with 159.97 g of I-propoxy-2-propana! and 4.95g of TPaB to obtain a titanium oxide
composition that would result in a 15 nm coating after spin-coating and optional baking.
The solntion was mixed thoroughly for one bhour, and was filtered with a 8.1 micron filter,

resulting in a titanium oxide composition “Hxample 2-no acid-no water + 3% TPnB.”
[0841] EXAMPLEG

160421 Approximately 300 g of 1-propoxy-2-propanol was added to a round bottom flask
and stirred at room temperature. 42.75¢g of tetraisopropoxytitanium {1V} was added to an
addition  funnel affixed to the flask containing the solvent system. The
tetraisopropoxytitanium {(IV) was allowed to drip into the solvent systers for thirty nunutes
while the solvent system was vigorously stirred.  The temperature of the solution was
monttored and maintained below 30°C. The solution was stirred for two hours.
Approximately 0.45 g acetic acid was added to the solution daring vigorous stirring. The
solution was allowed to stir overnight. To the solution, 1.2 g of 2,4-pentanedione was added.
Mext 45.06 g of the solution was diluted with 159.97 g of L-propoxy-2-propano! and 4.95g

of TPnB to obtain a titanium oxide composition that would result in a 15 sm costing after

i3
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spin-coating and optional baking. The solution was mixed thoroughly for one hour, and was
filtered with a 0.1 micron filter, resulting in 2 titanium oxide composition “Example 2-no

water + acetic acid + 39 TPnB.”
[8043] EXAMPLE7

[8844] Approximately 300 g of L-propoxy-2-propanol, 5.4 g of deionized water, and 0.2 g
nitric acid were added to a round bottom flask and stirred at room temperature. 42.75g of
tetraisopropoxytitaninm (1Y) was added to an addition funnel affixed to the flask containing
the solvent system. The tetraisopropoxytitanium (1Y) was allowed to drip into the solvent
system for thirty minutes while the solvent system was vigorously stirved. The temperature
of the solution was monitored and reaintained below 30°C. The solution was stirred for two
hours. Approximately 0.45 g acetic acid then was added to the solution during vigorous
stiving.,  The solotion was allowed to sit overnight.  To the solution, 1.2 g of 2,4-
pentanedione was added. Next, 45.06 g of the solution was dituted with 15997 g of |-
propoxy-2-propanc! and 4.95 ¢ of TPnB to obtain a titanium oxide composition that would
result in a 15 nm coating after spin-coating and optional baking. The solution was mixed
thoroughly for one hour, and was filiered with a 8.1 micron filter, resulting in a titamum
oxide composition “Example 2 + 3% TPnB.” Example 2 + 3% TPnB was found to be
resistant to TMAH at room temperature when spin coated onto a semiconductor wafer and

baked at 200°C for sixty seconds in nitrogen gas.
[6845] EXAMPLES

18846]  Approximately 300 g of T-propoxy-2-propanot and 5.4 g of deionized water were
added to a round bottom flask and stired at room temperature. 42.78g of
tetraisopropoxytitanium (IV} was added to an addition funnel affixed to the flask containing
the solvent systemn. The tetraisopropoxytitanium (IV) was allowed to drip into the solvent
system for thirty minutes while the solvent system was vigorously stirvved. The tomperature
of the solution was monitored and maintained below 30°C. The solution was allowed to sit
overnight. To the solution, 1.2 g of 2 4-pentancdione was added. Next, 45.06 g of the
solution was dihuted with 159.97 g of L-propoxy-2-propanol and 4.95 g of TPuB {0 obtain a
titantum oxide composition that would result in a 15 nyu coating after spin-coating and
optional baking. The solution was mixed thoroughly for one hour, and was filtered with a

.1 micron filter, resulting W a titanium oxide composition “Example 2-no acid + 3%

14
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TPuB.” “Hxample 2-no acid + 3% TPnB” was found to be resistant to TMAH at room
termperature when spin coated onto a semiconductor wafer and baked at 200°C for sixty

seconds in nitrogen gas.
{68477 EXAMPLE9

[8048]  Approximately 300 g of I-propoxy-2-propancl was added to a round bottom flask
and stirred at room temperature. 42.75g of teraisopropoxytitaniure (1V) was added 1o an
addition funnel affixed to the flask containing the solvent system. The
tetraisopropoxytitanium (IV) was allowed to drip into the solvent system for thirty minutes
while the solvent system was vigorously stirred.  The temperature of the mixture was
monitored and maintained below 30°C.  The solution was stiured for two hours.
Approximately .45 ¢ acetic acid then was added to the solution dwring vigorous stirring.
The solotion was allowed to sit overnight. Next, 45.06 g of the solution was diluted with
164.92 g of L-propoxy-2-propanol to obiain a fitavturn oxide coraposition that would result
in a 15 nm coating after spin-coating and optional baking. The solution was mixed
thoroughly for one hour, and was filtered with a (.1 micron filter, resulting in a titanium
oxide composition “Exarople 1 — no water — no nitric acid.” Example 1 — no water — no
nitric acid was found to be resistant to TMAH at room temperature when spin coated onto a

semiconductor wafer and baked at 200°C for sixty seconds in nitrogen gas.
[0049] EXAMPLE 10

[8856] Approximately 300 g of 1-propoxy-2-propanc! was added to a round bottom flask
and stirred at room temperature. 42.75g of tetraisopropoxytitanium (IV) was added to an
addition funncl  affixed to the flask conteining the solvent systern. The
tetraisopropoxytitanium (FV) was allowed to drip into the solvent system for thirty minutes
while the solvent system was vigorously stirred.  The temperature of the mixture was
monitored and maintained below 30°C.  The solution was stired for two hours.
Approximately .45 ¢ acetic acid then was added to the solution during vigorous stirring.
The solution was allowed to sit overnight. Next, 45.06 g of the solution was diluted with
164.92 g of -propoxy-2-propano! and tripropylene glyeol methyl ether to obtain 3 fitanium
oxide composition that would reselt in a 15 yun costing after spin-coating and optional

baking, The sclution was mixed thoroughly for one hour, and was filtered with a .1 micron

filter, resulting in 2 titaniuro oxide composition “Example | — no water — no nitric acid + 20

15
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% TPM.” Example | — no water — no nitric acid -+ 20 % TPM was found to be resistant to
TMAH at room temperature when spin coated onto a semiconductor wafer and baked at

200°C for sixty seconds in nitrogen gas.
[8051] EXAMPLE i1

{80521  Approximately 300 g of I-propoxy-2-propanol, 5.4 g of detonized water, and 4.2 g

ey

nitric acid were added to a round bottom flask and stirred at room temperature. 42.75g o
tetraisopropoxytitanium (1V) was added to an addition fununel affixed to the flask containing
the solvent systemn. The tetraisopropoxytitanium (IV) was allowed to drip into the solvent
system for thirty mimstes while the solvent system was vigorously stirred. The temperature
of the solution was monttored and maintained below 30°C. The solution was stirred for two
hours. Approximately .45 g acetic acid then was added to the solution during vigorous
stirving., The solution was allowed to sit overnight. To the sohution, 1.2 g 2 4-pentanedione
was added. Nexi, 45.06 g of the solution was dilated with 162,29 g of 1-propoxy-2-
propanol and 54.29 ¢ of TPaB to obtain a titanium oxide composition that would result ina
15 nm coating after spin-coating and optional baking. The solution was mixed thoroughly
for ¢ne hour, and was filtered with a 0.1 micron filter, resulting in a titanium oxide

conposition “Example 2+ 25% TPnB”
{8653} EXAMPLE 12

18054}  Approximately 300 ¢ of 1-propoxy-2-propanc! and 2.4 g of 2 4-pentancdione was
added to a round bottom flask and stirred at room temperature. 42.75g of
tetraisopropoxytitaniom (V) was added to an addition fimuel affixed to the flask containing
the solvent systern. The tetraisopropoxytitanium (1V) was allowed to drip into the solvent
system for thirty minutes while the solvent system was vigorously stirred. The temperature
of the sohution was monttored and maintained below 30°C. The solution was allowed {0 stir
overnight. Next, 45.06 g of the solution was diluted with 162.22 g of I-propoxy-2-propanol
and 54.07g of DPnP to obtain a titanium oxide composition that would result in a 13 am
coating after spin-coating and optional baliing. The solution was mixed thoroughly for one
hour, and was filtered with a 0.1 micron filter, vesulting in a titantam oxide composttion

“Exarople 2 - no acid-no water + 16% Acac +25% DPnP.”

[0655] EXAMPLE 13
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[8056] Approximately 300 ¢ of 1-propoxy-2-propanol and 9.6 g of 2,4-pentanedione was
added to a round bottom flask and stirred at room temperature. 42.75¢  of
tetraisopropoxyiitaniam (1V) was added to an addition funuel affixed to the flask containing
the solvent systern.  The retratsopropoxytitanturn (FV) was allowed to drip into the solvent
system for thirty minutes while the solvent system was vigorously stirred.  The temperature
of the solution was monitored and maintained below 30°C. The solution was allowed to stir
overnight. Next, 45,06 g of the solution was diluted with 162.22 g of 1-propoxy-2-propanol
and 54.07g of DPnP to obtain a titaniurs oxide composition that would result in 2 13 am
coating after spin-coating and optional baking. The solution was mixed thoroughly for one
hour, and was filtered with a 0.1 micron filter, resulting in & titanium oxide composition

“Example 2 - no acid-no water + 64% Acac + 25% DPnP.”

{80877  The Tables below show the effect on onset insolubility teroperature of the various
embodiments of the liquid titsnium oxide compositions contemplated herein,  All of the
coatings were deposited using the procedure set forth above for determining onset
insolobility temperature and were deposited to a thickness of 300 angstroms. Measurernents
above 300 angstroros were aberrant rocasurements, Measurements were taken using a three-
point probe. Measurements of films with less than 50 angstroms thickness are considered to

be removed Hims.

TABLE 1

1500 RPM 20sec Thickness (angstroms)
Time
wait - . s
‘ . Bake hefore Site | Site | Site
Stot | Material JEIOTC 1 Solvent Average
Temperature | cleaning i 2 3
solvent
rinse
i PGMEA {252 {249 | 238 246
> e ol .
2 Fxample 1 No Bake 2 min _
Acetone | 250 | 247 | 246 248
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As can be seen from Table 1, there

composition Example 1 using either of the cleaning solvents.

TABLE2

PCT/US2014/040443

18 lutle removal of the iitanum oxide

1800 RPM 20sec

Thickness (angstroms)

Time
wait . . .
‘ ) Bake befor v Site | Site | Site
Stor | Material | CROTE 1 Solvent Average
Teroperature | cleaning { 2 3
solvent
rigse
i Example 2 No Bake 2 min POMEA | 234 | 282 | 258 258

[H059]

composition Example 2 using PGMEA.

TABLE 2

As can be seen from Table 2, there is little removal of the

titanium oxide

1500 RPM 20sec

Thickness {(angstrons)

Bake Time wait
. before Site | Site | Site |
Skot | Material | Temperatur cleaning Solvent . , ] Average
e solvent -
rinse
i PGMEA 31132} 31 31
Example —
2 MIBC 1181 72 {438 209
I+ 20%
3 TPnB . Acetone 41 | 39 | 41 44
No Bake 2 yun
Cyclo- )
4 183 | 204 | 339 242
Hexanone
5 PGPE 62 1 34 | 37 44




WO 2014/197346 PCT/US2014/040443

) 2 min PGMEA 1231132 1 57 104

8 3 min Agetone 223 12241222 223
50°C Bake

g 3 min PGPE 205 1 200 | 207 204

10 4 min V7000 2821281279 281

i1 75°C Bake 2 min PGMEA 203 | 200 | 1R9 197

where PGPE is propylene giycol monopropy! ether and V17000 is a blend of 70% gamma-
Butyrolacetone and 30% n-butylacetate available from Ultra Pure Solutions, Inc. of

Castroviile, California.

{6068} From Table 3 it is observable that the onset tsohubility tomperature of Example 1
+ 20% TPnB, that is, a titanium oxide composition Example 1 with the high botling point
solvent TPnB, has increased to 75°C when the solvent PGMEA is used to remove the
composition. In other words, 75°C is the temperature at which PGMEA no longer removes

the composition from the substrate.

TABLE 4

1500 RPM 20sec Thickness (angstroms}

Time wait

] Bake before Site | Site | Site
Slot | Material | cleaning Sotvent Average
Temperature | N { 2 3
solvent
rinse
i PGMEA | 40 | 29 | 31 33
2 Fx MIBC 403 | 388 | 68 286
ixarople
i G/ 7 alran 3
yo2rA ) NoBake | 2min TRCee TS B9 T
TPnB
Cyclo- -
4 145 | 243 | 309 232
hexanone
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5 PGPE 140 1 113 1 114 122
) 2 moin POGMEA 320 047 1 35 38
8 3 min Acetone 23 4 151 13 17
30°C Bake
0 3 min PGPE 33 1 39 | RO 51
10 4 mnin VT7000 33 | 34 | 34 35
ii 2 min PGMEA 39 1 29 | 26 31
i2 I min Agetone 26 1 29 1 1R 24
75°C Bake
i3 2min PGPE 2511293} 252 265
14 I min VT7300 107§ 117 1125 116
i5 2 min PGMEA | 2811324 | 292 299
i6 100°C Bake 2 min Acetone 263 1 306 | 320 296
17 2 min VTT7000 280 | 243 | 285 269

[8061]  Ag illustrated in Table 4, the onset insolubility temperature for Example 2 + 20%
TPnB, containing a composition stabilizer and the high boiling point solvent TPnB, has
increased to 100°C for PGMEA. Thus, Example 2 + 20% TPnB is gasier to remove from a

substrate using PGMEA than Example 1 + 20% TPoB and Examples | and 2.

TABLE 5

1504 RPM 20s¢ec Thickness {angstrons)
Skot Material Bake Time Solvent | Site | Site | Stic | Average
Temperatur ;‘«-‘a}t 1 2 3

cinperature ~Fare

Example P © | before
cleaning

2-n0 acid- solvent

no  water nise
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i + 3% | No Bake Zmin PGMEA | 15 2( 25 120
TPul
2 Acetone | 25 32 35 3
3 50°C 2min PGMEA | 234 | 245 1237 1239
4 2min Acetone | 220 | 215 {245 {227
[8062]  As illustrated in Table 5, the onset insohubility temperature for Example 2-no acid-

no water + 3% TPnB 5 50°C for PGMEA.

TABLE &
1500 RPM 20cec Thickness (angstroms)
Siot Material | Bake Time Solvent | Site | Site | Site | Average
wail
s i 2 3
. v Temperature | before
Example emperaty b“f”i?
cleaning
2-ng sofvent
water TInse
1 acetic acid | No Bake 2min PGMEA | 10 15 17 14
+ 3%
2 Acctone | 21 25 27 24
TPuB v
3 50°C 2min PGMEA | 36 35 32 32
4 2min Acetone | 35 45 47 42
5 75°C 2min PGMEA | 251 | 267 258 {259
6 2min Acctone | 262 | 245 | 289 | 265
[8063]  As iltustrated in Table 6, the onset insolubility temperature for Exarople 2-no water

+ acetic acid + 3% TPaB 1s 75°C for PGMEA.
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"
~i

TABLE 7

T

1500 RPM 20sec Thickness {angstroms)
Slot Material Bake Time Solvent | Site | Site | Stie | Average
temperature | wait I 2 3

before

cleaning

solvent

rinse
1 FExarople 2 + | no bake 2 min PGMEA | 35 40 41 39

3% TPuB

2 MIBC 40 35 38 3R
3 2min Acetone | 36 39 41 {39
4 30°C 2roin PGMEA | 111 97 105 1104
3 2rain MIBC 110 {105 | 100§ 105
6 Zmin Acetone | 160 134 1 145 {146
7 75°C 2min PGMEA | 266 {277 285 {276
3 Zroin MIBC 231 256 {267 268
9 Zrin Acetone | 281 279 1265 1275

{8064}  As illustrated in Table 7, the onset mnsolubility temperature for Example 2 + 3%

TPoB is 75°C for PGMEA.

TABLE S
1500 RPM 20sec Thickness {angstroms)
Slot Material Bake Time Solvent | Site | Site | Site | Average
watt
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temperature | before i 2 3
cleaning
solvent
Finse
] Example 2- | no bake 2 man PGMEA | 34 36 41 37
no acid -+
2 \ D KN) 36 38
- MIB( 36 8 136
3 2min Acetone | 34 35 37 35
4 30°C Zmin PGMEA | 49 56 53 51
5 Zmin MIBC a1 95 83 93
6 2min Acetone | §0 75 77 77
7 75°C 2min PGMEA | 260 | 259 1234 {251
& Zrmin MIBC 245 {250 1256 250
9 2min Acetone | 274 | 280 | 269 {276

[0865]  As ilhustrated in Table 2, the onset insolubility teroperatare for Example 2-no acid

+ 3% TPuB is 75°C for PGMEA.

TABLE9
Material Substrate Ti % residue afier removal
with PGMEA (Atomic
Concentrations)

Example | Si Wafer 5.5

Example 2 + 25% TPaB Si Wafer 5.3

Example 2 - no acid-no S1 Wafer 23
water + 16% Acac + 25%

HMDS primed wafer
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DPaP

[8066] Table 9 demonstrates the amount of titanium residue from a liquid titanium oxide
composition remaining on a wafer after being treated with PGMEA. The amount removed
was measured using x-ray photoelectron spectroscopy (XPS). The “HMDS primed wafer”
was 4 water treated with hexarocthydisilazane. As dlustrated in Table 9, Example 2 - no
acid-no water + 16% Acac + 25% DPnP demonstrates better removal with PGMEA
compared to Example 1 and Example 2 + 25% TPnB with no Ti detected on the HMDS

primed wafer.

188671  Accordingly, a liquid titanium oxide composition is provided. In one embodiment,
the titanivm oxide composition is formed such that cross-linking during formation of the
titanium oxide is inhibited. In this regard, the liquid titanium oxide composition may be
formed substantially withoot water. In addition, or alternatively, the composition may be
formed substantially without acid. In addition or alternatively, the coraposition roay include
a composition stabilizer. In another embodiment, the titanfum oxide composition comprises
a high boiling point solvent that has a boiling point in the range of from 140°C to about
400°C. The high boitling point solvent increases the onset insohubnlity teroperatare such that
the titanjum oxide composition is more soluble in a cleaning solvent used to remove

titanium oxide residue.

[8868] While at least one exemplary embodiment has been presented in the foregoing
detatled description of the wvention, it should be appreciated that a vast mumber of
variations exist. It should also be appreciated that the exemplary embodiment or exemplary
cribodiments are only examples, and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed description will
provide those skilled in the art with a convenient road map for implementing an exeraplary
erabodiment of the invention. It being understood that various changes may be made in the
function and arrangement of clements described in an exemplary embodiment without

departing from the scope of the invention as aet forth 1 the appended clairs.



CLAIMS
What is claimed is:
1. A liguid titanium containing composition comprising:
a solvent system;
an organotitanate; and
a high boiling point solvent having a boiling point in a range of about 140°C to

about 400°C.

2. The liquid titanium containing composition of claim 1, wherein an onset insolubility
temperature of the liquid titanium containing composition, when spin coated onto a silicon
substrate and subjected to PGMEA, is higher than an onset insolubility temperature of the
same liquid titanium containing composition without the high boiling point solvent when spin

coated onto a comparable silicon substrate and subjected to PGMEA.

3. The liquid titanium containing composition of claim |, wherein the organotitanate

comprises a titanium alkoxide.

4. The liguid titanium containing composition of claim 1, wherein the organotitanate

comprises a titanium-oxygen backbone polymer.

5. The liguid titanium containing composition of claim 1, wherein the solvent system

comprises an alcohaol.

6. The liguid titanium containing composition of claim 1, wherein the solvent system

comprises water.

7. The liguid titanium containing composition of claim 1, wherein the liquid titanium

containing composition comprises substantially no water.

8. The liquid titanium containing composition of claim 1, wherein the liquid titanium

containing composition comprises substantially no acid.

25



9. The liguid titanium containing composition of claim 1, wherein the organotitanate has
a formula TH{OR)4, where each R is not necessarily the same and R is an alkyl radical

having 1 to 6 carbons or R is an alkylene oxide.

10. The liquid titanium containing composition of claim 9, wherein the organotitanate
comprises tetraisopropyl titanate (TIPQ), tetraethyl titanate, tetrapropyl titanate, tetrabuty!
titanate, tetraisobutyl titranate, tetra-tert-butyl titanate, tetrahexyl titanate, titanium
{polyethylene oxide) triisopropoxide, titanium dilsopropoxide (bis-2,4-pentanedionate), or

mixtures thereof.

11. The liquid titanium containing composition of claim 1, further comprising a

campasition stabilizer.

12. The liquid titanium containing composition of claim 11, wherein the composition
stabilizer comprises 2,4-pentanedione, 3,3-dimethyl-2,4-pentanedione,” 3-methyl-2,4-
pentanedione ethylacetoacetate, diethyl malonate, diethyl malate, ethylene diamine tetraacetic
acid, oxalic acid, oxamic acid, octanoic acid, oleic acid, dodecylcarboxylic acid,
perfluorooctanoic acid, ethyl lactate, butylated hydroxytoluene, 1, 3-propane diol, methyl

pyruvate, or mixtures thereof

13. The liquid titanium containing composition of ctaim 1, wherein the high bolling point
solvent comprises tripropylene glycol methyl ether, dipropylene glycol n-propyl ether,
dipropylene glycol butyl ether, tripropylene glycol n-butyl ether, carbitol, hexyl carbitol,
methoxytriglycol, methyl carbitol, butyl cellosolve, buty! celiosolve acetate, butyl carbitoi
acetate, diethylene glycal phenyl ether, or mixtures thereof

14, The liquid titanium containing composition of claim 1, wherein the liquid titanium

containing composition has a viscosity no greater than about 5cP,

15. A method for forming a liquid titanium containing composition, the method
comprising the steps of:

adding an organotitanate to a solvent system to form a mixture, wherein the
organotitanate has a formula: Ti{OR)4, where each R can be different and R is an alkyl

radical having 1 to 6 carbons or R is an alkylene oxide;
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adding a high boiling point soivent to the mixture, the high boiling point solvent

having a boiling point in a range of from about 140°C to about 400°C; and

mixing the high boiling point solvent and the mixture.
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