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CHEMICAL VAPOR DEPOSITION METHODS AND 
APPARATUS 

TECHNICAL FIELD 

[0001] The present invention concerns methods for vapor 
deposition, and particularly concerns methods for providing 
volatile precursor molecules to form a thin ?lm on a sub 
strate via vapor deposition. 

BACKGROUND OF THE INVENTION 

[0002] Chemical vapor deposition (CVD) is one process 
for forming thin ?lms on semiconductor Wafers, such as 
?lms of elemental metals or compounds. CVD involves the 
formation of a non-volatile solid ?lm on a substrate by the 
reaction of vapor phase reactants (precursors) that contain 
desired components of the ?lm. Standard CVD processes 
use a precursor source in a vaporiZation chamber of a CVD 
apparatus. The vaporiZation chamber is connected to a 
process (or reactor) chamber Wherein a deposition substrate, 
such as a semiconductor Wafer, is located. 

[0003] CVD (and other thin ?lm vapor deposition) tech 
niques require delivery of a controlled mass of the precursor 
in the vapor phase. Precise control over the mass of the 
precursor delivered to the process chamber is needed to form 
a uniform layer of the desired thin ?lm. In addition, the 
manner of delivery of the precursor must avoid decompo 
sition of the reactive volatile precursor molecules and must 
not include unWanted volatiZed elements or compounds. 

[0004] Conventional methods of providing a source of 
vapor-phase precursor molecules include (1) direct vapor 
iZation of the precursor from neat solids or liquids, (2) direct 
vaporiZation of a solvent containing the precursor, and (3) 
distilling precursor molecules from a solvent by bubbling a 
carrier gas through a volume of the solvent containing the 
precursor. 

[0005] Bulk sublimation of a solid precursor and transport 
of the vaporiZed solid precursor to the process chamber 
using a carrier gas has been practiced. HoWever, it is dif?cult 
to vaporiZe a solid at a controlled rate such that a constant 
and reproducible How of vaporiZed solid precursor is deliv 
ered to the process chamber. Lack of control of the rate of 
delivery of a vaporiZed solid precursor is (at least in part) 
due to a changing surface area of the bulk solid precursor as 
it is vaporiZed. The changing surface area of the solid 
precursor When it is eXposed to sublimation temperatures 
produces a continuously changing rate of vaporiZation. This 
is particularly true for thermally sensitive compounds. The 
changing rate of vaporiZation thus results in a continuously 
changing concentration and non-reproducible How of vapor 
iZed precursor delivered for deposition in the process cham 
ber. As a result, ?lm groWth rate and the composition of 
?lms deposited using such techniques are not adequately 
controlled. Further, sublimation of solid precursors requires 
eXposure of the precursor to temperatures greater than the 
vaporiZation temperature. Many precursor materials decom 
pose When quickly heated to such temperatures. 

[0006] Liquid precursors may be vaporiZed directly using 
a bubbler device. A liquid precursor is heated in a reservoir 
to a temperature at Which there is suf?cient vaporiZation to 
maintain a particular deposition rate. A stream of carrier gas 
is directed over the precursor or is bubbled through the 
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liquid precursor in the reservoir. The carrier gas transports 
vaporiZed precursor molecules to a process chamber for 
deposition of a CVD thin ?lm. HoWever, many desirable 
precursor molecules, When heated to a temperature suf?cient 
to maintain a particular deposition rate Will simply decom 
pose in the bubbler. 

[0007] It is also possible to dissolve a liquid or solid 
precursor in a solvent and vaporiZe the solution directly. 
(Many desirable precursors are solids at room temperature). 
In the vaporiZer (the inlet to Which often contains a needle 
or small ori?ce), the solvent and the precursor are quickly 
heated to the gas phase. One of the problems associated With 
this technique is that the high temperatures necessary to 
quickly vaporiZe the solution cause solvent and precursor 
molecules to decompose. Decomposition of the solvent and 
precursor molecules Within the vaporiZer typically produces 
particulates that clog or otherWise obstruct the delivery lines 
betWeen the precursor reservoir and the process chamber. 
Obstruction of the delivery lines cause inconsistent delivery 
rates of precursor for deposition on the substrate. In addi 
tion, the conventional CVD solvents used to dissolve such 
precursors typically result in CVD processes Where the 
solvent molecules are carried along With the precursor. 
Additionally, such solvent molecules have a tendency to 
decompose, further obstructing the delivery lines or may be 
deposited on the substrate. Solvent decomposition products, 
e.g., carbonates, formed in the thin ?lm results in poor thin 
?lm quality. 

[0008] As an alternative, liquid or solid precursors may be 
miXed With or dissolved in a conventional CVD solvent and 
the solvent containing the precursor placed in a bubbler 
device. The solvent containing the dissolved precursor is 
then heated in a reservoir. As described above for liquid 
precursors, a stream of carrier gas is directed over or 
bubbled through the solvent. The carrier gas transports the 
volatile precursor molecules from the solvent to a process 
chamber. The advantage of this technique is that most 
precursor elements or compounds may be vaporiZed in a 
bubbler device at loWer temperatures than required for 
sublimation or direct vaporiZation of the precursor. Addi 
tionally, control of mass delivery of the precursor, using a 
bubbler device, is typically better than other precursor 
vaporiZation methods. Unfortunately, available CVD sol 
vents are typically organic compounds possessing vapor 
pressures of greater than about 1 Torr at about room tem 
perature. Accordingly, volatiliZed solvent molecules are 
often transported to the process chamber along With the 
precursor molecules. This problem is exacerbated When 
temperatures above room temperature are needed to vola 
tiliZe sufficient precursor molecules and/or to maintain a 
given depositon rate. As a result, solvent molecules or 
solvent decomposition products are deposited in the thin 
?lm. 

[0009] Further, knoWn CVD solvents do not dissolve the 
range of solid precursors necessary to form the CVD thin 
?lms currently in demand. Moreover, many of the knoWn 
CVD solvents for precursor materials are corrosive to the 
CVD apparatus, the substrate, and/or thin ?lms already 
formed on the substrate. 

[0010] Accordingly, methods and apparatus that take 
advantage of the bene?ts of using a bubbler (i.e., loWer 
temperatures and increased control of precursor delivery 
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rates), but overcome the limitations imposed by conven 
tional CVD solvents are needed. CVD methods and appa 
ratus that do not lead to transport of solvent molecules along 
With the vaporized precursors are needed. That is, CVD 
methods and apparatus are needed that include solvents 
having extremely loW or substantially no measurable vapor 
pressure. Additionally, CVD methods and apparatus that 
may be used along With a conventional bubbler device 
technology Would be preferred. In order to increase the 
range of precursors that may be used to deposit CVD thin 
?lms, CVD methods and apparatus including solvents that 
exhibit a Wide liquid-temperature range and that are resistant 
to decomposition at relatively high-temperature levels, are 
needed. Further, CVD methods and apparatus that include 
solvents that are relatively inert and that dissolve a variety 
of precursor materials having a Wide range of polarities, are 
needed. 

SUMMARY OF THE INVENTION 

[0011] In light of the de?ciencies of the prior art, the 
present invention provides methods and apparatus for vapor 
iZing and transporting precursor molecules to a process 
chamber for deposition of thin ?lms on a substrate. The 
methods and apparatus may be used With conventional CVD 
bubbler apparatus. The methods and apparatus include CVD 
solvents that comprise ionic liquids (i.e., liquids comprising 
ions) that have loW melting points (i.e., less than about 250° 
C.), Wide liquid temperature ranges (i.e., liquid temperature 
ranges preferably of at least about 100° C. and more 
preferably of at least about 200° C.), and substantially no 
measurable vapor pressure (i.e., the ionic liquid solvents are 
non-volatile). The ionic liquid CVD solvents have a vapor 
pressure of preferably less than about 1 Torr at about room 
temperature and more preferably less than about 0.1 Torr at 
room temperature. 

[0012] For example, the vapor deposition methods and 
apparatus of the present invention include CVD solvents 
comprising ionic liquids that satisfy Formula (1) as folloWs: 

R1 

(1) 

[0013] Wherein R1 is an alkyl and Y- is selected from the 
group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, chlorocuprates, tetra?uoroborates, tetra 
chloroborates, hexa?uorophosphates, [SbF6]_, tetrachloro 
aluminates, heteropolyanions (e.g., [MO12O4O]3_), tri?uo 
romethanesulfonates, and mixtures thereof. Preferably, R1 is 
an alkyl having a carbon chain of from about 1 carbon atom 
to about 30 carbon atoms. Alternatively, R1 may be selected 
from a group consisting essentially of methyl groups, ethyl 
groups, propyl groups, isopropyl groups, n-butyl groups, 
sec-butyl groups, tert-butyl groups, isobutyl groups, pentyl 
groups, and mixtures thereof. 

[0014] The vapor deposition methods and apparatus of the 
present invention may also include CVD solvents compris 
ing ionic liquids that satisfy Formula (2) as folloWs: 
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(2) 

[0015] Wherein R1 and R2 are independently selected from 
a group consisting essentially of alkyls, methyl groups, ethyl 
groups, propyl groups, isopropyl groups, n-butyl groups, 
sec-butyl groups, tert-butyl groups, isobutyl groups, pentyl 
groups, and mixtures thereof, and Y- is selected from the 
group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, chlorocuprates, tetra?uoroborates, tetra 
chloroborates, hexa?uorophosphates, [SbF6]-, tetrachloro 
aluminates, heteropolyanions (e.g., [Mo12O40]3_), tri?uo 
romethanesulfonates, and mixtures thereof. When R1 or R2 
comprise an alkyl, the alkyl preferably includes a carbon 
chain comprising from about 1 carbon atom to about 30 
carbon atoms. 

[0016] The vapor deposition methods and apparatus of the 
present invention may also include CVD solvents compris 
ing ionic liquids that satisfy Formula (3) as folloWs: 

(3) 
R2 

[0017] Wherein R1, R2, R3, and R4 are independently 
selected from a group consisting essentially of alkyls, 
methyl groups, ethyl groups, propyl groups, isopropyl 
groups, n-butyl groups, sec-butyl groups, tert-butyl groups, 
isobutyl groups, pentyl groups, and mixtures thereof, and Y“ 
is selected from a group consisting essentially of halides, 
sulfates, nitrates, acetates, nitrites, chlorocuprates, tetra?uo 
roborates, tetrachloroborates, hexa?uorophosphates, 
[SbF6]_, tetrachloroaluminates, heteropolyanions (e.g., 
[Mo12O40]3_), tri?uoromethanesulfonates, and mixtures 
thereof. When R1, R2, R3, or R4 comprises an alkyl, pref 
erably, the alkyl comprises a carbon chain having from about 
1 carbon atom to about 30 carbon atoms. 

[0018] The vapor deposition methods and apparatus of the 
present invention also include CVD solvents comprising 
ionic liquids that satisfy Formula (4) as folloWs: 

(4) 

[0019] Wherein R1, R2, and R3 are independently selected 
from a group consisting essentially of alkyls, methyl groups, 
ethyl groups, propyl groups, isopropyl groups, n-butyl 
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groups, sec-butyl groups, tert-butyl groups, isobutyl groups, 
pentyl groups, and mixtures thereof, and Y- is selected from 
a group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, chlorocuprates, tetra?uoroborates, tetra 
chloroborates, hexa?uorophosphates, [SbF6]_, tetrachloro 
aluminates, heteropolyanions (e.g., [Mo12O40]3_), tri?uo 
romethanesulfonates, and mixtures thereof. When R1, R2, or 
R3 comprises an alkyl, preferably, the alkyl comprises a 
carbon chain having from about 1 carbon atom to about 30 
carbon atoms. 

[0020] The vapor deposition methods and apparatus of the 
present invention may also include CVD solvents compris 
ing ionic liquids that satisfy Formula (5) as folloWs: 

(5) 

[0021] Wherein n is from about 1 to about 10, and Y- is 
selected from a group consisting essentially of halides, 
sulfates, nitrates, acetates, nitrites, chlorocuprates, tetra?uo 
roborates, tetrachloroborates, hexa?uorophosphates, 
[SbF6]-, tetrachloroaluminates, heteropolyanions (e.g., 
[Mo12O40]3_), tri?uoromethanesulfonates, and mixtures 
thereof. 

[0022] The vapor deposition methods of the present inven 
tion may include dissolving precursors in solvents compris 
ing ionic ?uids that satisfy Formula (6) as folloWs: 

(6) 
R2 

[0023] Wherein R1, R2, R3, and R4 are independently 
selected from a group consisting essentially of alkyls, 
methyl groups, ethyl groups, propyl groups, isopropyl 
groups, n-butyl groups, sec-butyl groups, tert-butyl groups, 
isobutyl groups, pentyl groups, and mixtures thereof, and Y 
is selected from a group consisting essentially of halides, 
sulfates, nitrates, acetates, nitrites, chlorocuprates, tetra?uo 
roborates, tetrachloroborates, hexa?uorophosphates, 
[SbF6]_, tetrachloroaluminates, heteropolyanions (e.g., 
[Mo12O40]3_), tri?uoromethanesulfonates, and mixtures 
thereof. When R1, R2, R3, or R4 comprises an alkyl, pref 
erably, the alkyl comprises a carbon chain having from about 
1 carbon atom to about 30 carbon atoms. 

[0024] The present invention further includes heating the 
solvent containing the dissolved precursor to a temperature 
at or near the volatiliZation temperature of the dissolved 
precursor. A stream of gas is then directed over or bubbled 
through the solvent. The gas transports precursor molecules 
from the solvent to a process or deposition chamber (Without 
transporting solvent molecules) to form a thin ?lm on a 
substrate, such as a semiconductor Wafer. 
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[0025] The vapor deposition methods of the present inven 
tion provide for the vaporiZation and transport of a con 
trolled mass of precursor molecules in the vapor phase. Due 
to the unique CVD solvents used in practicing the vapor 
deposition methods of the present invention, solvent mol 
ecules are not transported to the process chamber along With 
the vaporiZed precursors. Further, because the vapor depo 
sition methods of the present invention include solvents that 
have an extremely loW or substantially no measurable vapor 
pressure, the range of precursor materials that may be 
vaporiZed in the solvent Without unWanted decomposition of 
the solvent or vaporiZation of the solvent itself is increased. 
Additionally, the vapor deposition methods of the present 
invention include use of solvents that may be used With 
conventional bubbler device technology and that are non 
corrosive. Moreover, because the present invention vapor 
deposition methods use of solvents that exhibit a Wide liquid 
temperature range (i.e., greater than about 100° C.), there is 
a signi?cant increase in the range of materials that may be 
deposited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic of a conventional chemical 
vapor deposition system. 

[0027] FIG. 2 is a schematic of another chemical vapor 
deposition system. 

DETAILED DESCRIPTION 

[0028] The vapor deposition methods and apparatus of the 
present invention include chemical vapor deposition (CVD) 
solvents that comprise ionic liquids. Such solvents, in con 
trast to conventional CVD solvents, possess Wide liquid 
temperature ranges (typically greater than about 100° C.) 
and exhibit substantially no measurable vapor pressure (i.e., 
less than about 1 Torr at about room temperature). Further, 
the present methods and apparatus include ionic liquid CVD 
solvents that dissolve a Wide variety of precursor materials. 

[0029] The methods and apparatus of the present invention 
further include ionic liquid CVD solvents that are relatively 
inert and stable. For example, chloroaluminate ionic liquids 
are air and Water sensitive (i.e., such ionic liquids tend to be 
unstable in the presence of air or Water), but hexa?uoro 
phoshate, and tetra?uoroborate ionic liquids are not. 

[0030] The methods and apparatus of the present invention 
include ionic liquids that are liquids at ambient temperature 
so that dissolution of the precursor molecules may be 
accomplished Without heating the mixture. As mentioned 
beloW, the cation of the ionic liquid CVD solvent may be 
selected for its effect on the melting point of the ionic liquid 
as Well as its solvating properties. 

[0031] Physical characteristics of the ionic liquid CVD 
solvents of the methods and apparatus of the present inven 
tion may be altered in order to alloW dissolution and 
vaporiZation of a Wide variety of precursors. As knoWn to 
those of ordinary skill in the art, adjustment may be made to 
the physical properties of a compound to change one or more 
particular characteristics of the compound. For example, 
substituting the cation of an ionic liquid and/or substituting 
the anion Will alter the ionic liquid’s physical properties. As 
disclosed in Michael Freemantle, “Designer Solvents, 
”Chemical and Engineering News, pp. 32-37 (March 1 998), 
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the cation portion of an ionic liquid compound is largely 
responsible for the loW melting point of the ionic liquids. 
The anion portion of the ionic liquid compound determines 
(to a large extent) its chemical properties, such as reactivity 
and catalytic activity. Some ionic liquid anions, for example 
chloroaluminate, exhibit LeWis acidity. Ionic liquids com 
prising such ions may react undesirably With certain pre 
cursor molecules. Other ionic liquid anions such as nitrate 
are more generally inert and are useful for a Wider range of 
precursors. The respective miscibilities of organic com 
pounds, such as precursor molecules, in ionic liquids can be 
varied extensively by altering the chain lengths of alkyl 
substituents on the ionic liquid compound cations. Thus it is 
possible to tailor the solvent properties of ionic liquids 
through the appropriate choice of alkyl substituents. For 
example, a more non-polar precursor is more soluble in an 
ionic liquid having more non-polar character (i.e., ionic 
liquids possessing larger R groups). Conversely, for 
example, a polar precursor molecule Will be most soluble in 
ionic liquids that possess small alkyl substituents and are 
more polar. Thus, the methods and apparatus of the present 
invention include ionic liquid CVD solvents that are able to 
dissolve relatively large quantities of a Wide variety of 
precursors. 

[0032] Although the vapor deposition methods and appa 
ratus of the present invention are primarily discussed With 
reference to chemical vapor deposition, it should be under 
stood that the vapor deposition methods and apparatus may 
be applicable to any thin ?lm deposition technique requiring 
a source of volatile molecules or precursors. Such tech 

niques may include for example, physical vapor deposition, 
chemical vapor deposition, metal organic chemical vapor 
deposition, atmospheric pressure vapor deposition, loW 
pressure chemical vapor deposition, plasma enhanced loW 
pressure vapor deposition, molecular beam epitaxy, and 
atomic layer epitaxy. 

[0033] Likewise, although the vapor deposition methods 
of the present invention are discussed primarily With refer 
ence to semiconductor substrates or semiconductor Wafers, 
it should be understood that the substrate may comprise 
silicon, gallium arsenide, glass, an insulating material such 
as sapphire, or any other substrate material upon Which thin 
?lms may be deposited. 

[0034] A typical chemical vapor deposition system that 
can be used to perform the deposition methods of the present 
invention is shoWn in FIG. 1. The CVD system includes an 
enclosed process (deposition) chamber 10. As is conven 
tional CVD, the CVD process may be carried out at pres 
sures of from about atmospheric pressure doWn to about 
10 Torr, and preferably from about 1.0 to about 0.1 Torr. 
Accordingly, a vacuum may be created in chamber 10 using 
a pump 12 (e.g., a turbo pump) and backing pump 14. 

[0035] One or more substrates 16 are positioned in the 
process chamber 10. A constant nominal temperature is 
established for the substrate 16, preferably at a temperature 
of about 0° C. to about 800° C., and more preferably at a 
temperature of about 100° C. to about 500° C. Substrate 16 
may be heated, for example, by an electrical resistance 
heater 18 on Which substrate 16 is mounted. Other knoWn 
methods of heating the substrate 16 may be utiliZed. 

[0036] A precursor is dissolved in an ionic liquid solvent 
40 (as discussed in detail beloW). The ionic liquid solvent 40 
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(having a desired precursor dissolved therein) is stored in a 
vessel 42. The ionic liquid solvent 40 including the dis 
solved precursor is heated to or near the vaporiZation point 
of the dissolved precursor. The bubbler system as shoWn in 
FIG. 1 transports vaporiZed precursor molecules from the 
ionic liquid solvent to the CVD process chamber 10. Spe 
ci?cally, a carrier gas 44 is pumped into vessel 42 and 
bubbled through the ionic liquid solvent 40. The carrier gas 
44 may comprise any suitable inert gas. The carrier gas 44 
typically is selected from a group consisting essentially of 
nitrogen, helium, argon, and mixtures thereof. 

[0037] The carrier gas 44 distills the dissolved precursor 
molecules from the ionic liquid solvent 40 and transports the 
precursor molecules to the process chamber 10 through line 
45 and gas distributor 46. Additional inert carrier gas may be 
supplied from source 48 as needed to provide the desired 
concentration of precursor and to regulate the uniformity of 
the deposition across the surface of substrate 16. As shoWn, 
a series of valves 50-54 are opened and closed as required 
to deliver vaporiZed precursor and carrier gas to the process 
chamber 10. 

[0038] Generally, the precursor is pumped into the process 
chamber 10 at a How rate of about 1 sccm (standard cubic 
centimeters per minute) to about 1000 sccm. The substrate 
16 is exposed to the precursor at a pressure of about 0.001 
Torr to about 100 Torr for a time period of about 0.01 
minutes to about 100 minutes depending upon the desired 
thickness of the layer being deposited. In the process cham 
ber 10, the precursor forms a layer on the surface of the 
substrate 16. The deposition rate is temperature dependent 
and thus, increasing the temperature of the substrate 16 
increases the rate of deposition. Typical deposition rates are 
about 100 A per minute to about 10,000 A per minute. 
Closing valve 53 discontinues delivery of the carrier gas 
containing the precursor to the process chamber 10. 

[0039] Alternatively, if more than one precursor is to be 
dissolved in a solvent and transported to a process chamber, 
the vapor deposition system shoWn in FIG. 2 may be used. 
As shoWn in FIG. 2, the CVD system may include an 
enclosed chemical vapor deposition chamber 110. The CVD 
process may be carried out at pressures of from atmospheric 
pressure doWn to about 10'3 Torr, and preferably from about 
10 Torr to about 0.1 Torr. A vacuum may be created in 
chamber 110 using turbo pump 112 and backing pump 114, 
or simply a backing pump. 

[0040] One or more substrates 116 are positioned in pro 
cess chamber 110. A constant nominal temperature is estab 
lished for the substrate, preferably at a temperature of about 
50° C. to about 500° C. for certain precursors. Substrate 116 
may be heated, for example, by an electrical resistance 
heater 118 on Which substrate 116 is mounted. Other knoWn 
methods of heating the substrate may also be utiliZed. 

[0041] In this process, a ?rst precursor is dissolved in a 
solvent of the present invention to form a ?rst solution 140 
and is stored in vessel 142. A source of a suitable inert gas 
144 is pumped into vessel 142 and bubbled through the ?rst 
solution 140 picking up the ?rst precursor and transporting 
it into chamber 110 through line 145 and gas distributor 146. 
Additional inert carrier gas or reaction gas may be supplied 
from source 148 as needed to provide the desired concen 
tration of precursor and regulate the uniformity of the 
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deposition across the surface of substrate 116. As shoWn, a 
series of valves 150-154 may be opened and closed as 
required. 
[0042] A second precursor may be dissolved in a solvent 
to form a second solution 240. Second solution 240 is stored 
in vessel 242. A source 244 of a suitable inert gas is pumped 
into vessel 242 and bubbled through the second solution 240 
picking up the second precursor and carrying it into chamber 
210 through line 245 and gas distributor 246. Additional 
inert carrier gas or reaction gas may be supplied from source 
248 as needed to provide the desired concentration of 
precursor composition and regulate the uniformity of the 
deposition across the surface of substrate 116. As shoWn, a 
series of valves 250-254 are opened and closed as required. 

[0043] Generally, the ?rst and second vaporiZed precursor 
molecules are pumped into the process chamber 110 at a 
How rate of about 1 sccm to about 1000 sccm. The respective 
?oW rates of the ?rst and second precursors may be varied 
to provide the desired ratio of ?rst precursor to second 
precursor in the co-deposited thin ?lm. The substrate 116 is 
typically exposed to the precursor compositions at a pressure 
of about 0.001 Torr to about 100 Torr for a time of about 0.01 
minutes to about 100 minutes. In process chamber 110, the 
?rst and second precursors Will form an absorbed layer on 
the surface of the substrate 116. As the co-deposition rate is 
temperature dependent, increasing the temperature of the 
substrate Will increase the rate of co-deposition. Typical 
co-deposition rates are about 10 A/min. to about 1000 
A/min. Closing valves 153 and 253 terminates the carrier 
gases transporting the ?rst and second precursors, respec 
tively. 
[0044] Various combinations of carrier gases and/or 
vaporiZed precursors may be used to practice the vapor 
deposition methods of the present invention. The carrier gas 
and precursors may be introduced into a process chamber in 
a variety of manners, as knoWn to those persons skilled in 
the art. 

[0045] The vapor deposition methods and apparatus of the 
present invention include CVD solvents that comprise ionic 
liquids. As used herein, an ionic liquid means a salt com 
pound having the folloWing characteristics: (1) a melting 
point of less than about 250° C., (2) substantially no 
measurable vapor pressure (i.e., less than about 1 Torr and 
preferably less than 0.1 Torr), (3) a liquid range of about at 
least 100° C., and, preferably about at least 200° C., and (4) 
functions as a solvent for a Wide range of desirable CVD 
precursor elements and compounds. 

[0046] For example, the methods and apparatus of the 
present invention include CVD solvents comprising ionic 
liquids that satisfy Formula (1) as follows: 

C) 
R1 

(1) 

[0047] Wherein R1 is an alkyl and Y“ is selected from a 
group consisting essentially of halides, sulfates, nitrates, 
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acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, tetrachloroaluminates, het 
eropolyanions (e.g., [Mo12O40]3_), tri?uoromethane 
sulfonates, and mixtures thereof. Preferably, R1 is an alkyl 
having a carbon chain of from about 1 carbon atom to about 
30 carbon atoms. Alternatively, R1 is selected from a group 
consisting essentially of a methyl group, ethyl group, propyl 
group, isopropyl group, n-butyl group, sec-butyl group, 
tert-butyl group, isobutyl group, pentyl group, and mixtures 
thereof. 

[0048] The methods and apparatus of the present invention 
also include CVD solvents comprising ionic liquids that 
satisfy Formula (2) as folloWs: 

(2) 

J61, 

[0049] Wherein R1 and R2 are independently selected from 
a group consisting essentially of alkyls, methyl groups, ethyl 
groups, propyl groups, isopropyl groups, n-butyl groups, 
sec-butyl groups, tert-butyl groups, isobutyl groups, pentyl 
groups, and mixtures thereof, and Y“ is selected from a 
group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, tetrachloroaluminates, het 
eropolyanions (e.g., [Mo12O40]3_), tri?uoromethane 
sulfonates, and mixtures thereof. When R1 or R2 comprise an 
alkyl, the alkyl preferably includes a carbon chain compris 
ing from about 1 carbon atom to about 30 carbon atoms. 

[0050] The methods and apparatus of the present invention 
also include CVD solvents comprising ionic liquids that 
satisfy Formula (3) as folloWs: 

(3) 
R2 

[0051] Wherein R1, R2, R3, R4 are independently selected 
from a group consisting essentially of alkyls, methyl groups, 
ethyl groups, propyl groups, isopropyl groups, n-butyl 
groups, sec-butyl groups, tert-butyl groups, isobutyl groups, 
pentyl groups, and mixtures thereof, and Y“ is selected from 
a group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, tetrachloroaluminates, het 
eropolyanions (e.g., [Mo12O40]3_), tri?uoromethane 
sulfonates, and mixtures thereof. When R1, R2, R3, or R4 is 
an alkyl, preferably, the alkyl comprises a carbon chain of 
from about 1 carbon atom to about 30 carbon atoms. 

[0052] The methods and apparatus of the present invention 
also include CVD solvents comprising ionic liquids that 
satisfy formula (4) as folloWs: 
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(4) 

[0053] wherein R1, R2, and R3 are independently selected 
from a group consisting essentially of alkyls, methyl groups, 
ethyl groups, propyl groups, isopropyl groups, n-butyl 
groups, sec-butyl groups, tert-butyl groups, isobutyl groups, 
pentyl groups, and mixtures thereof, and Y- is selected from 
a group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, tetrachloroaluminates, het 
eropolyanions (e.g., [Mo12O40]3_), tri?uoromethane 
sulfonates, and mixtures thereof. When R1, R2, or R3 com 
prises an alkyl, preferably, the alkyl comprises a carbon 
chain of from about 1 carbon atom to about 30 carbon atoms. 

[0054] The methods and apparatus of the present invention 
also include CVD solvents comprising ionic liquids that 
satisfy Formula (5) as folloWs: 

(5) 

[0055] Wherein n is from about 1 to about 10, and Y- is 
selected from a group consisting essentially of halides, 
sulfates, nitrates, acetates, nitrites, tetra?uoroborates, tetra 
chloroborates, hexa?uorophosphates, [SbF6]_, tetrachloro 
aluminates, heteropolyanions (e.g., [Mo12O40]3_), tri?uo 
romethanesulfonates, and mixtures thereof. 

[0056] The methods and apparatus of the present invention 
also include CVD solvents comprising ionic liquids that 
satisfy Formula (6) as folloWs: 

(6) 
R2 

R4 

[0057] Wherein R1, R2, R3, R4 are independently selected 
from a group consisting essentially of alkyls, methyl groups, 
ethyl groups, propyl groups, isopropyl groups, n-butyl 
groups, sec-butyl groups, tert-butyl groups, isobutyl groups, 
pentyl groups, and mixtures thereof, and Y“ is selected from 
a group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, tetrachloroaluminates, het 
eropolyanions (e.g., [Mo12O40]3_), tri?uoromethane 
sulfonates, and mixtures thereof. When R1, R2, R3, or R4 is 
an alkyl, preferably, the alkyl comprises a carbon chain of 
from about 1 carbon atom to about 30 carbon atoms. 
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[0058] According to the vapor deposition methods of the 
present invention, a desired precursor is dissolved in a 
volume of a CVD solvent comprising an ionic liquid. The 
resulting precursor/solvent solution is placed Within a CVD 
system vessel such as shoWn in FIGS. 1 or 2. As readily 
determinable by those persons skilled in the art, the particu 
lar precursor are chosen based on the thin-?lm layer to be 
deposited. The ionic liquid is chosen based upon its ability 
to dissolve the desired precursor(s) (an ionic liquid capable 
of dissolving a relatively large quantity of precursor(s) is 
generally preferred). The vessel containing the precursor/ 
solvent solution is preferably heated to a temperature at or 
near the volatiliZation temperature of the dissolved precur 
sor(s). A stream of carrier gas is directed over or is bubbled 
through the solution to distill and transport vapor-phase 
precursor molecules to a process chamber for deposition of 
a thin ?lm on a substrate. 

[0059] The folloWing example is offered to further illus 
trate a speci?c vapor deposition method of the present 
invention. It should be understood, hoWever, that many 
variations and modi?cations could be made While remaining 
Within the scope and spirit of the present invention. 

EXAMPLE 

[0060] This is an example of a chemical vapor deposition 
method of the present invention for the formation of a 
(Ba,Sr)TiO3thin-layer on a substrate, using an ionic liquid 
CVD solvent. Three precursors, Bis(isopropoxide)bis(2,2,6, 
6-tetramethyl-3,5-heptanedionato)titanium, Bis(2,2,6,6-tet 
ramethyl-3,5-heptanedionato)strontium and Bis(2,2,6,6-tet 
ramethyl-3,5-heptanedionato)barium (all available from, 
e.g., Strem Chemicals, Inc., of NeWburyport, Mass.) are 
individually dissolved in separate vessels, each vessel con 
taining a quantity of an ionic liquid comprising 1-Ethyl-3 
methyl-1H-imidaZolium tetra?uoroborate (available from, 
e.g., Aldrich Chemical Co., Inc., of Milwaukee, Wis.). As 
much of each precursor as possible is dissolved in the 
solvent. The solvent solutions having the precursors dis 
solved therein, are then placed in separate bubbler vessels 
(e.g., 142 and 242 of FIG. 2; although not shoWn in FIG. 2, 
a third analogous vessel and associated delivery means 
Would be required in this particular example). 

[0061] The vessel containing the titanium precursor is 
heated by conventional means to about 100° C. The vessels 
containing the strontium and the barium precursors are 
heated by conventional means to about 140° C. and 150° C., 
respectively. Asource of carrier gas, e.g., helium, is supplied 
to each of the three vessels. At a pressure of about 2 Torr, the 
precursors are carried (in the vapor phase) to a process 
chamber (e.g., process chamber 110, FIG. 2). The BazSrzTi 
ratio of the precursors delivered to the process chamber is 
adjusted by changing the vessels’ respective carrier gas ?oW 
rates, and/or the temperatures of the individual vessels. 

[0062] Oxygen gas, as an additional reactant, is delivered 
to the process chamber by a separate means (e.g., from 
source 248 of FIG. 2). The four gases are then combined in 
a common line (e.g., 145 in FIG. 2) and are released into the 
process chamber by a gas distributor (e.g., 146 in FIG. 2). 
The Bis(isopropoxide)bis(2,2,6,6-tetramethyl-3,5-hep 
tanedionato)titanium, Bis(2,2,6,6-tetramethyl-3, S-hep 
tanedionato)strontium, Bis(2,2,6,6-tetramethyl-3,5-hep 
tanedionato)barium, and oxygen react to form a (Ba,Sr)TiO3 
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thin-?lm on a heated substrate (e.g., 116 in FIG. 2) Within 
the process chamber. The thickness of the deposited ?lm is 
dependent upon the deposition time and the substrate tem 
perature, With longer deposition times and higher substrate 
temperatures leading to increased deposition rates. 

[0063] Whereas the invention has been described With 
reference to a representative method, it Will be understood 
that the invention is not limited to those embodiments. On 
the contrary, the invention is intended to encompass all 
modi?cations, alternatives, and equivalents as may be 
included Within the spirit and scope of the invention as 
de?ned by the appended claims. 

1. A method for vaporiZing reactants for vapor deposition 
of a thin ?lm on a substrate, comprising: 

providing an ionic liquid; 

dissolving a precursor in the ionic liquid; and 

passing a stream of gas through the ionic liquid. 
2. The method of claim 1, further comprising heating the 

ionic liquid to a temperature equal to about a volatiliZation 
point of the precursor. 

3. The method of claim 1, further comprising transporting 
vaporiZed precursor molecules from the ionic liquid to a 
process chamber. 

4. The method of claim 1, Wherein the ionic liquid is of 
the formula: 

@y 
R1 

Wherein R1 is alkyl and Y“ is selected from a group con 
sisting essentially of halides, sulfates, nitrates, acetates, 
nitrites, tetra?uoroborates, tetrachloroborates, heXa?uoro 
phosphates, [SbF6]_, chloroaluminates, bromoaluminates, 
chlorocuprates, heteropolyanions, tri?uoromethane 
sulfonates, and miXtures thereof. 

5. The method of claim 4, Wherein R1 is an alkyl having 
a carbon chain comprising from about 1 carbon atom to 
about 30 carbon atoms. 

6. The method of claim 4, Wherein Ri is selected from a 
group consisting essentially of methyl groups, ethyl groups, 
propyl groups, isopropyl groups, n-butyl groups, sec-butyl 
groups, tert-butyl groups, isobutyl groups, and pentyl 
groups. 

7. The method of claim 1, Wherein the ionic liquid is of 
the formula: 

JCT}, 

Wherein R1 and R2 are alkyls and Y- is selected from a group 
consisting essentially of halides, sulfates, nitrates, acetates, 
nitrites, tetra?uoroborates, tetrachloroborates, heXa?uoro 
phosphates, [SbF6]_, chloroaluminates, bromoaluminates, 
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chlorocuprates, heteropolyanions, tri?uoromethane 
sulfonates, and mixtures thereof. 

8. The method of claim 7, Wherein R1 is an alkyl having 
a carbon chain comprising from about 1 carbon atom to 
about 30 carbon atoms. 

9. The method of claim 7, Wherein R1 and R2 are inde 
pendently selected from a group consisting essentially of 
alkyls, methyl groups, ethyl groups, propyl groups, isopro 
pyl groups, n-butyl groups, sec-butyl groups, tert-butyl 
groups, isobutyl groups, and pentyl groups. 

10. The method of claim 1, Wherein the ionic liquid 
satis?es the formula: 

R4 

Wherein R1, R2, R3, R4 are alkyls and Y- is selected from a 
group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
heXa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, tri?uo 
romethanesulfonates, and mixtures thereof. 

11. The method of claim 10, Wherein R1 is an alkyl having 
a carbon chain comprising from about 1 carbon atom to 
about 30 carbon atoms. 

12. The method of claim 10, Wherein R1, R2, R3, and R4 
are independently selected from a group consisting essen 
tially of alkyls, methyl groups, ethyl groups, propyl groups, 
isopropyl groups, n-butyl groups, sec-butyl groups, tert 
butyl groups, isobutyl groups, pentyl groups, and miXtures 
thereof. 

13. The method of claim 1, Wherein the ionic liquid 
satis?es the formula: 

Wherein R1, R2, and R3are alkyls and Y- is selected from a 
group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
heXa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, tri?uo 
romethanesulfonates, and mixtures thereof. 

14. The method of claim 13, Wherein R1, R2, and R3 are 
independently selected from a group consisting essentially 
of alkyls having carbon chains comprising from about 1 
carbon atom to about 30 carbon atoms. 

15. The method of claim 14, Wherein R1, R2, and R3 are 
independently selected from a group consisting of alkyls, 
methyl groups, ethyl groups, propyl groups, isopropyl 
groups, n-butyl groups, sec-butyl groups, tert-butyl groups, 
isobutyl groups, and pentyl groups. 

16. The method of claim 1, Wherein the ionic liquid 
satis?es the formula: 
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own-No 
wherein n is from about 1 to about 10 and Y“ is selected 

from a group consisting essentially of halides, sulfates, 
nitrates, acetates, nitrites, tetra?uoroborates, tetrachlorobo 
rates, hexa?uorophosphates, [SbF6]_, chloroaluminates, 
bromoaluminates, chlorocuprates, heteropolyanions, tri?uo 
romethanesulfonates, and mixtures thereof. 

17. The method of claim 1, Wherein the ionic liquid 
satis?es the formula: 

Wherein R1, R2, R3, R4 are alkyls and Y“ is selected from a 
group consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, tri?uo 
romethanesulfonates, and mixtures thereof. 

18. The method of claim 17, Wherein R1 is an alkyl having 
a carbon chain comprising from about 1 carbon atom to 
about 30 carbon atoms. 

19. The method of claim 17, Wherein R1, R2, R3, and R4 
are independently selected from a group consisting essen 
tially of alkyls, methyl groups, ethyl groups, propyl groups, 
isopropyl groups, n-butyl groups, sec-butyl groups, tert 
butyl groups, isobutyl groups, pentyl groups, and mixtures 
thereof. 

20. A method for vapor deposition of a thin ?lm on a 

substrate, the method comprising: 

providing an ionic liquid including one or more precur 

sors; 

heating the ionic liquid; 

transporting the precursor in the vapor phase from the 
ionic liquid to a substrate; and 

depositing the precursor on the substrate. 

21. The method of claim 20, Wherein the precursor is 
dissolved in the ionic liquid. 

22. The method of claim 20, Wherein the vapor-phase 
precursor is distilled from the ionic liquid and transported to 
the substrate by a carrier gas. 

23. A method for vaporiZing reactants for vapor deposi 
tion of a thin ?lm on a substrate, comprising: 

dissolving a precursor in a solvent that satis?es the 
formula: 
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Wherein R1 is an alkyl and Y- is selected from a group 
consisting essentially of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, trif 
luoromethanesulfonates, and mixtures thereof; and 

bubbling a stream of gas through the solution containing 
the precursor to distill precursor molecules in the vapor 
phase from the solution. 

24. A method for vaporiZing reactants for vapor deposi 
tion of a thin ?lm on a substrate, comprising: 

dissolving a precursor in a solvent that satis?es the 
formula: 

R 1/ V R2 
Y. 

Wherein R1 and R2 are alkyl and Y“ is selected from the 
group consisting of halides, sulfates, nitrates, acetates, 
nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, trif 
luoromethanesulfonates, and mixtures thereof; and 

bubbling a stream of gas through the solution containing 
the precursor to distill precursor molecules in the vapor 
phase from the solution. 

25. A method for vaporiZing reactants for vapor deposi 
tion of a thin ?lm on a substrate, comprising: 

dissolving a precursor in a solvent that satis?es the 
formula: 

Wherein R1, R2, R3, R4 are alkyl and Y“ is selected from 
the group consisting of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, trif 
luoromethanesulfonates, and mixtures thereof; and 

bubbling a stream of gas through the solution containing 
the precursor to distill precursor molecules in the vapor 
phase from the solution. 
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26. A method for vaporizing reactants for vapor deposi 
tion of a thin ?lm on a substrate, comprising: 

dissolving a precursor in a solvent satisfying the formula: 

Wherein R1, R2, and R3 are alkyl and Y“ is selected from 
the group consisting of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]-, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, trif 
luoromethanesulfonates, and mixtures thereof; and 

bubbling a stream of gas through the solution containing 
the precursor to distill precursor molecules in the vapor 
phase from the solution. 

27. A method for vaporiZing reactants for vapor deposi 
tion of a thin ?lm on a substrate, comprising: 

dissolving a precursor in a solvent that satis?es the 
formula: 

Wherein R1, R2, R3, R4 are alkyl and Y“ is selected from 
the group consisting of halides, sulfates, nitrates, 
acetates, nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, trif 
luoromethanesulfonates, and mixtures thereof; and 

bubbling a stream of gas through the solution containing 
the precursor to distill precursor molecules in the vapor 
phase from the solution. 

28. A method for vaporiZing reactants for vapor deposi 
tion of a thin ?lm on a substrate, comprising: 

dissolving a precursor in a solvent that satis?es the 
formula: 

own-No 
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Wherein n is from 1 to 10 and Y“ is selected from the 
group consisting of halides, sulfates, nitrates, acetates, 
nitrites, tetra?uoroborates, tetrachloroborates, 
hexa?uorophosphates, [SbF6]_, chloroaluminates, bro 
moaluminates, chlorocuprates, heteropolyanions, trif 
luoromethanesulfonates, and mixtures thereof; and 

bubbling a stream of gas through the solution containing 
the precursor to distill precursor molecules in the vapor 
phase from the solution. 

29. An apparatus for vaporiZing and transporting precur 
sor molecules to a deposition chamber for deposition of a 
thin ?lm on a substrate, the apparatus comprising: 

a vessel containing an ionic liquid; 

a carrier gas source in ?uid communication With the 

vessel; and 

a deposition chamber in ?uid communication With the 
carrier gas source. 

30. An apparatus for vaporiZing and transporting precur 
sor molecules to a deposition chamber for deposition of a 
thin ?lm on a substrate, the apparatus comprising: 

a vessel containing an ionic liquid having a precursor 
dissolved therein; 

a bubbler device for bubbling a carrier gas source through 
the vessel; and 

a gas line for transporting carrier gas and vaporiZed 
precursor molecules from the vessel to the deposition 
chamber. 

31. An apparatus for vaporiZing and transporting precur 
sor molecules to a deposition chamber for deposition of a 
thin ?lm on a substrate, the apparatus comprising: 

an ionic liquid source; 

a carrier gas source in ?uid communication With the ionic 
liquid source; and 

a deposition chamber in ?uid communication With the 
carrier gas source. 

32. An apparatus for vaporiZing and transporting precur 
sor molecules to a deposition chamber for deposition of a 
thin ?lm on a substrate, the apparatus comprising: 

an ionic liquid source; 

a carrier gas source; 

a bubbler device for delivering the carrier gas source to 
the ionic liquid source; and 

a deposition chamber in ?uid communication With the 
ionic liquid source to receive vaporiZed molecules from 
the ionic liquid source. 


