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(57) ABSTRACT 

A vaporizing apparatus for providing a vaporized liquid 
precursor to a process chamber in a vapor deposition process 
includes a microdroplet forming device for generating 
microdroplets from a liquid precursor and a heated housing 
de?ning a vaporization zone having a vapor ?oW path from 
the microdroplet forming device to the process chamber. The 
vaporization zone receives the microdroplets and a heated 
carrier gas. The heated carrier gas has a temperature so as to 
provide the primary source of heat for vaporizing the 
microdroplets. A method of vaporizing liquids for vapor 
deposition processes includes generating microdroplets and 
utilizing a heated carrier gas as the primary source of heat 
for vaporizing the microdroplets. Avapor deposition system 
carrying out the method includes a heated carrier gas and a 
heated housing de?ning a heated vaporization zone. The 
heated housing receives the heated carrier gas. An atomizer 
for generating microdroplets from a liquid source dispenses 
the microdroplets in the heated vaporization zone. The 
heated carrier gas has a temperature so as to provide the 
primary source of heat for vaporizing the microdroplets in 
the vaporization zone. The vaporized liquid precursor is then 
directed to the process chamber from the heated vaporiza 
tion zone. 
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METHOD AND APPARATUS FOR VAPORIZING 
LIQUID PRECURSORS AND SYSTEM FOR USING 

SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to vapor deposition 
processes and systems. More particularly, the present inven 
tion pertains to vaporiZers and vaporiZation methods for 
vaporizing chemical vapor deposition (CVD) liquid precur 
sors and for providing such vaporiZed liquid precursors to 
systems utilizing such methods and vaporiZers. 

BACKGROUND OF THE INVENTION 

[0002] Liquid source materials for chemical vapor depo 
sition (CVD) are becoming Widely utiliZed, at least in part 
due the fact that in many circumstances CVD cannot be 
accomplished using compounds that are gases at ambient 
conditions. Liquid sources utiliZed in CVD include such 
sources as tetraethoxysilane (TEOS) used as a source of 
silicon to deposit silicon dioxide ?lms, sources for use and 
deposit of titanium nitride (TiN) ?lms by CVD, and sources 
for depositing metal oxides (for example, tantalum oxide, 
niobium oxide, aluminum oxide, titanium oxide), ferroelec 
tric oxides, copper, and aluminum. Liquid sources used for 
doping by diffusion are typically organic sources, such as, 
for example, phosphorus oxychloride, phosphorus tribo 
mide, phosphorus trichloride, and boron tribomide. Further, 
for depositing doped ?lms by CVD (e.g., borophosphosili 
cate glass, borosilicate glass, phosphosilicate glass), com 
mon liquid sources include, for example, triethylborate, 
triethylphosphate, triethylphosphite, triisopropyl borate, tri 
methylborate, trimethylphosphate, and trimethylphosphite. 
The liquid precursors listed above are listed for illustration 
only and there are many other liquid precursors too numer 
ous to list. For example, some additional liquid precursors, 
such as carboxylate complexes, are described in copending 
utility application, entitled “Method of Depositing Films on 
Semiconductor Devices” (Docket No. 15000190101) ?led 
on even date hereWith and to Which the present invention is 
equally applicable for vaporiZation and delivery thereof. 
This copending application is incorporated herein by refer 
ence. 

[0003] Liquid sources are so named because their vapor 
pressures are so loW that they are liquids at room tempera 
ture. HoWever, some materials, such as, boron trichloride, 
have fairly high vapor pressures and are only barely in the 
liquid state at room temperature. The loWer a material’s 
vapor pressure, the more dif?cult it is to deliver to a CVD 
reactor or processing chamber. The most commonly used 
liquid source, TEOS, has a loW vapor pressure and many 
other liquid sources utiliZed for CVD have even loWer vapor 
pressures. While TEOS can be delivered With existing 
bubbler technology Where a carrier gas, typically nitrogen, is 
bubbled through the liquid to sWeep some of the liquid 
source molecules into the processing chamber, other liquid 
precursors, such as precursors for deposition of metal oxide 
?lms, due to their loWer vapor pressures cannot be delivered 
With suf?cient reproducibility With such bubbler delivery 
systems, particularly in device applications With small 
dimensions. 

[0004] Therefore, there is a need for improvement in 
conversion of liquid precursors to a vapor and delivery of 
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such vaporiZed liquid precursors to Wafer surfaces. As 
mentioned above, bubbler delivery systems can be utiliZed; 
hoWever, such systems have the disadvantage of having the 
How of the liquid precursor indirectly controlled via control 
of the carrier gas ?oW bubbled through the liquid precursor. 
Further, bubblers also have problems in delivering materials 
With very loW vapor pressures Which tend to condense or 
decompose near normal temperatures required for vaporiZa 
tion betWeen the source of the liquid precursor and the 
processing chamber used for CVD. 

[0005] Alternatives to conventional bubbler technology, 
include an approach Wherein the liquid source material is 
heated and vapors are draWn off and controlled by a vapor 
mass ?oW controller. Further, another Way is to transfer the 
liquid precursor using either a very precise metering pump 
or a liquid mass ?oW controller up to the point Where it 
enters the reaction chamber. At that point, it can either be 
?ash vaporiZed or injected directly into a mixing chamber 
and shoWerhead Where it is vaporiZed. As described in the 
article entitled, “Metalorganic Chemical Vapor Deposition 
By Pulsed Liquid Injection Using an Ultrasonic NoZZle: 
Titanium Dioxide on Sapphire from Titanium (IV) Isopro 
poxide,” by Versteeg, et al., Journal of the American 
Ceramic Society, Vol. 78, No. 10, pgs. 2763-68 (1995) a 
metalorganic CVD process utiliZes pulsed on/off liquid 
injection in conjunction With atomiZation by an ultrasonic, 
pieZoelectrically driven noZZle to deliver such metalorganic 
precursors. The pulse injection is said to alloW control of 
?lm deposition rates, as ?ne as monolayers per pulse. The 
ultrasonic noZZle provides a mist of droplets into the pro 
cessing chamber of a reactor for reproducible vaporiZation 
of the liquid precursor. HoWever, such a delivery system 
performs the vaporiZation in the processing chamber and 
thus this delivery system Would not be adequate for precur 
sors With only moderate volatility. Such a mist or micro 
droplets of precursors having only moderate volatility gen 
erated by the ultrasonic noZZle Would not entirely vaporiZe 
prior to contacting the Wafer surface in the processing 
chamber and the CVD ?lm uniformity Would not be 
adequate. 

[0006] In current systems, Where liquid precursors are 
delivered to a vaporiZer using mist generation, vaporiZation 
is typically carried out by contact With heated surfaces and 
then a carrier gas is used to deliver the vaporiZed liquid 
precursor to the processing chamber. Such vaporiZing 
devices for delivery systems suffer from the disadvantage of 
decomposition of the liquid precursors upon contact With the 
hot surfaces, or incomplete vaporiZation, Which also yields 
inconsistent ?lms groWn under CVD conditions. 

[0007] For the above reasons, there is a need in the art to 
provide highly reproducible vaporiZation of liquid CVD 
precursors. The present invention as described beloW 
improves upon the vaporiZation process and overcomes the 
problems described above and other problems Which Will 
become apparent to one skilled in the art from the descrip 
tion beloW. 

SUMMARY OF THE INVENTION 

[0008] A vaporiZing apparatus in accordance With the 
present invention for providing a vaporiZed liquid to a 
process chamber in a vapor deposition process includes a 
microdroplet forming device for generating microdroplets 
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from a liquid precursor. The vaporizing apparatus further 
includes a heated housing de?ning a vaporization zone 
having a vapor ?oW path from the microdroplet forming 
device to the process chamber. The vaporization zone 
receives the microdroplets and heated carrier gas. The 
heated carrier gas varporizes at least a portion of the 
microdroplets. 

[0009] In one embodiment of the invention, the heated 
carrier gas is an inert gas With high thermal conductivity. 
Preferably, the heated carrier gas is helium. 

[0010] In another embodiment of the invention, the heated 
vaporization zone is physically separate from the process 
chamber, although in another embodiment the heated vapor 
ization zone may be located at least in part Within the 
process chamber but still physically separate therefrom. 

[0011] In yet another embodiment of the vaporizing appa 
ratus, the heated housing includes at least one Wall. The at 
least one Wall is heated by at least one heating element to 
maintain a substantially constant temperature along the 
vapor ?oW path. 

[0012] In yet another embodiment, the vaporizing appa 
ratus further includes a detection device for detecting the 
concentration of unvaporized microdroplets and generating 
a signal representative thereof. Acontroller responsive to the 
signal representative of the detected concentration initiates 
modi?cation of a parameter of the vaporizing apparatus. 

[0013] In various other embodiments, the modi?ed param 
eter of the vaporizing apparatus may include the length of 
the vapor ?oW path or further may include changing the 
temperature of the vapor ?oW path. In addition, the detection 
device may be utilized for detecting undesired particulates in 
the vapor ?oW path. 

[0014] A method for vaporizing liquids for vapor deposi 
tion processes is also described. The vaporizing method 
includes generating microdroplets. The microdroplets are 
then vaporized using a heated carrier gas. 

[0015] In various embodiments of the method, the heated 
carrier gas may be any inert gas With high thermal conduc 
tivity. Preferably, the heated carrier gas is helium. Further, 
the microdroplet generating step may include generating the 
microdroplets electrostatically or ultrasonically. 

[0016] In another embodiment of the method, the vapor 
ization step is performed in a heated vaporization zone and 
the vaporization step includes the step of maintaining a 
substantially constant temperature of the miXture of the 
heated carrier gas and microdroplets throughout the vapor 
ization zone. 

[0017] In another embodiment of the method, the concen 
tration of unvaporized microdroplets are detected. The 
vaporization step is then controlled as a function of the 
detected concentration. In other embodiments of controlling 
the vaporization step, the temperature of the heated vapor 
ization zone may be controlled or the time period the 
microdroplets are in the heated vaporization zone may be 
controlled. 

[0018] A vapor deposition system in accordance With the 
present invention is also described. The system includes a 
heated carrier gas and a heated housing de?ning a heated 
vaporization zone. The heated housing receives the heated 
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carrier gas into the heated vaporization zone. An atomizer 
for generating microdroplets from a liquid precursor and 
dispensing the microdroplets in the heated vaporization zone 
is also a part of the system. The heated carrier gas vaporizes 
at least a portion of the microdroplets in the vaporization 
zone. The system further includes a process chamber for 
receiving the vaporized liquid precursor from the heated 
vaporization zone. 

[0019] In one embodiment of the vapor deposition system, 
the heated vaporization zone is physically separated from 
the process chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram illustration of a vapor 
deposition system including a liquid CVD precursor vapor 
izer in accordance With the present invention; 

[0021] FIG. 2 is an alternative block diagram illustration 
of a portion of the liquid CVD precursor vaporizer in 
accordance With the present invention; and 

[0022] FIG. 3 includes a further alternative embodiment 
of the vaporizer including a detection and feedback system 
in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0023] The present invention shall be described With ref 
erence to FIG. 1. Various alternative embodiments of the 
present invention shall be described further With reference to 
FIGS. 2 and 3. Generally, the vapor deposition system 10 
in accordance With the present invention includes a liquid 
CVD precursor vaporizer 12 that delivers a vaporized liquid 
precursor to process chamber 14. 

[0024] The present invention provides a highly reproduc 
ible vaporization of liquid precursors for CVD processes. 
The vaporizer converts the liquid precursor, eg a single 
liquid compound, a miXture of liquid compounds, or a 
solution including one or more solutes dissolved in one or 

more compatible solvents, into vapor phase species Which 
are suitable for CVD. Particularly, the present invention 
alloWs for the use of a liquid precursor that is sensitive to 
decomposition near the normal temperatures required for 
vaporization, and for Which standard bubbler type delivery 
Would most likely be inadequate. 

[0025] Generally, the vaporization of the liquid precursor 
is carried out in tWo stages. First, the liquid precursor is 
atomized or nebulized generating high surface area micro 
droplets or mist. In the second stage, the constituents of the 
microdroplets or mist are vaporized by intimate mixture of 
the heated carrier gas. This tWo stage vaporization approach 
provides a reproducible delivery for liquid precursors and 
provides reasonable groWth rates, particularly in device 
applications With small dimensions. 

[0026] Moreover, the liquid precursor vaporizer 12 in 
accordance With the present invention performs the liquid 
precursor vaporization employing high surface area micro 
droplets and loW residence times Within a vaporization zone 
as Will be described further beloW. Such high surface area 
and loWer residence times alleviate problems associated 
With decomposition of liquid precursors upon contact With 
heated surfaces in the vaporization process. 
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[0027] As shown in FIG. 1, vapor deposition system 10 
includes the liquid CVD precursor vaporizer 12 and process 
chamber or reaction chamber 14. The present invention may 
be utilized With various CVD process chambers or reaction 
chambers including, but not limited to, hot Wall or cold Wall 
reactors, atmospheric or reduced pressure reactors, as Well 
as plasma enhanced reactors. Further, the present invention 
is advantageous for vaporization and delivery of many 
different liquid precursors to a process chamber in the CVD 
process and is not limited to any particular liquid precursor 
but is limited only in accordance With the invention as 
described in the accompanying claims. 

[0028] The liquid precursor vaporizer 12 includes a heated 
vaporization zone 20 de?ned by housing 22. The heated 
vaporization zone 20 includes a vapor ?oW path from a 
microdroplet generating device or atomizer 30 to the process 
chamber 14. The heated housing 22 includes at one end a 
directing device 50 for directing the vaporized liquid pre 
cursor into the process chamber 14. The directing device 
may include any knoWn means of directing the vaporized 
liquid precursor from the vapor ?oW path into the process 
chamber 14. As shoWn in FIG. 1, the directing device 
includes a shoWerhead 50. 

[0029] The microdroplet generating device or atomizer 30 
generates high surface area microdroplets, for example, 
droplets of approximately 20 micrometers in diameter. The 
atomizer 30 may include an ultrasonic nebulizer such as that 
available from Sono-Tek Corp., Poughkeepsie, NY. or Son 
ics & Materials, Inc., Danbury, Conn. The ultrasonic nebu 
lizer, as is known to one skilled in the art, includes, for 
example, a nozzle 36 containing piezoelectric transducers 
that create standing vibrations along the nozzle body to 
generate droplets or mist for dispensing through a tip of the 
nozzle. 

[0030] Alternatively, the atomizer 30 may include an 
electrostatic sprayer, such as that available from Binks, 
Franklin Park, Ill. The electrostatic sprayer, as is knoWn to 
one skilled in the art, generates the droplets for dispensing 
into the vaporization zone using electrostatic charge to 
separate the liquid precursor into droplets. Further, the mist 
or microdroplets may also be created utilizing a forced gas, 
or in other Words, a bubbler that produces the ?ne mist of 
microdroplets utilizing a series of baf?es to obtain the high 
surface area microdroplet. 

[0031] Preferably, the atomizer 30 is either an electrostatic 
or an ultrasonic nebulizer. HoWever, any atomizer 30 
capable of providing microdroplets adequate for vaporiza 
tion in the vaporization zone 20 of the present invention may 
be utilized. The dimension of microdroplets adequate for 
vaporization depends upon the liquid precursor utilized, the 
temperature of the heated carrier gas, Whether the liquid 
precursor is preheated prior to dispersement into the vapor 
ization zone, the vapor pressure of components in the liquid 
precursor, and the decomposition temperatures of the com 
ponents of the liquid precursor. The example of a micro 
droplet having approximately a 20 micrometer diameter is 
for illustrative purposes only. Generally, a microdroplet may 
be de?ned as any droplet having a mean diameter less than 
about 1000 micrometers in diameter. HoWever, preferably 
the diameter is less than 100 micrometers in diameter for 
providing a higher surface area for vaporization. 

[0032] The atomizer 30 is provided With a liquid precursor 
by a How controller or liquid pump 32. Any ?oW controller, 
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such as, for example, commonly available mass ?oW con 
trollers, that provide a How of liquid precursor to the 
atomizer 30 in a reproducible fashion may be utilized. The 
liquid precursor 34 provided to the atomizer 30 may be a 
single liquid compound or a mixture of chemically compat 
ible compounds that result in liquid state. Further, the liquid 
precursor 34 may be a solution of one or more solutes 
dissolved in one or more compatible solvents. For such 
solutes, the solvent can be any liquid Which dissolves the 
solute and does not react With it to yield a compound of 
undesirable physical properties for the CVD process. The 
How controller or liquid pump 32 may be controlled to 
provide a greater or lesser ?oW rate of the liquid precursor 
to atomizer 30 to control the vaporization process and the 
deposition rate in the CVD process. Various precursors may 
be utilized. For example, such precursors may be the car 
boxylate complexes, described in copending utility applica 
tion, entitled “Method of Depositing Films on Semiconduc 
tor Devices” (Docket No. 150.00190101) ?led on even date 
hereWith and to Which the present invention is applicable for 
vaporization and delivery thereof. This copending applica 
tion is incorporated herein by reference. The vapor deposited 
?lm on substrate or Wafer 15 is deposited using the desired 
liquid precursor or ratio of precursors that Will yield the 
desired ?lm composition. 

[0033] The nozzle 36 of atomizer 30 is sealingly posi 
tioned With its open end tip extending into the vaporization 
zone 20. The nozzle 36 may be in a ?xed position or the 
nozzle 36 may be in a variable position for movement Within 
the vaporization zone 20 such as by a drive mechanism. 
Such a variably positioned nozzle may be utilized to change 
the length of the vapor ?oW path in order to decrease or 
lengthen the residence time of the microdroplets or mist 46 
in the vaporization zone 20. 

[0034] Heated carrier gas 44 is provided to the heated 
vaporization zone 20 through port 45 and by Way of a heated 
gas line 24. The heated gas line includes heating elements 28 
thereabout for heating the line 24. The heated carrier gas 
may be any inert gas such as, for example, helium, nitrogen, 
or argon. Preferably, the heated gas 44 is helium Which 
includes a high thermal conductivity for providing the 
primary source of heat to vaporize the microdroplets from 
atomizer 30. 

[0035] The gas is heated by a gas heater 42 and the How 
of the heated gas is controlled by How controller 40. FloW 
controller 40 may be any ?oW controller, such as, for 
example, commonly available mass ?oW controllers, that 
provide a How of gas to the vaporization zone in a repro 
ducible fashion Where it is intimately mixed With the micro 
droplets 46 from atomizer 30. The heated carrier gas is of a 
temperature so as to be the primary source of heat for 
vaporizing the microdroplets 46. For example, depending 
upon the necessary heat required for vaporizing the micro 
droplets, the helium gas may be of a temperature in the range 
of about —10° C. to about 500° C., preferably from about 30° 
C. to about 250° C. The temperature of the heated carrier gas 
Will also vary depending upon the temperature of the liquid 
precursor, Which Will typically vary from about 10° C. to 
about 100° C., and any other applicable vaporization process 
parameters, such as How rates, etc. 

[0036] The microdroplets 46 Will come into contact With 
the heated carrier gas 44 for ?ash vaporization by the heated 
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carrier gas 44 in the vaporization zone 20. Every micro 
droplet should be in intimate contact With the heated carrier 
gas 44 for instantaneous heating and vaporization thereof. 
The vaporization zone 20 allows for suf?cient residence 
time to complete vaporization before the components of the 
liquid precursor are carried into the CVD process chamber 
14. 

[0037] The heated housing 22 de?nes the heated vapor 
ization zone 20 and includes Walls 27 heated by heating 
elements 26 to maintain the temperature of the carrier gas 
and liquid precursor microdroplet mixture to a temperature 
that deters condensation of the liquid precursor on the Walls 
27 of the heated housing 22. Further, the How rate of the 
heated carrier gas 44 is controlled by the How controller 40 
so as to provide a suf?cient ?oW rate to also keep the 
precursor from decomposing on the Walls 27 of the heated 
housing 22. The How rate of the heated carrier gas 44 under 
the control of How controller 40 also provides control of the 
residence time of the microdroplets Within the heated vapor 
ization zone 20. 

[0038] The heated vaporization zone 20 is controlled to 
maintain a substantially constant temperature along the 
vapor ?oW path extending from the atomizer to the process 
chamber. The heated vaporization zone 20 may include one 
or more temperature sensors for detecting the temperature 
along the vapor ?oW path and providing such information to 
a controller (not shoWn) for controlling the temperature of 
one or more heating elements 26 or zones along the housing 
Walls 27. Further, such temperature information may be 
utilized for altering the temperature of the heated carrier gas 
by adjusting the gas heater 42. 

[0039] The carrier gas port 45 in housing 22 is positioned 
in close proximity to nozzle 36 to provide for adequate 
mixing of the heated carrier gas 44 and the microdroplets 46. 
As the heated carrier gas 44 is mixed With the microdroplets 
46, the microdroplets are vaporized. The heated vaporization 
zone 20 as a result of heating elements 26 of heated housing 
22 provides for a secondary heat source. HoWever, such 
secondary heat source does not provide the primary source 
of heat for vaporization but rather provides for maintaining 
the temperature along the vapor path of the heated vapor 
ization zone to deter condensation of the liquid precursor. 

[0040] As shoWn in FIG. 1, the heated carrier gas port 45 
is provided in close proximity to the nozzle 36 of atomizer 
30 and the microdroplets 46 are mixed With heated carrier 
gas 44 in the vaporization zone 20. HoWever, as shoWn With 
reference to FIG. 2, the mixture of the precursor mist or 
microdroplets 46 and the heated carrier gas 44 may be 
performed in other manners and With other con?gurations 
such as for example, providing the microdroplets directly to 
the heated gas line from nozzle 94 of an atomizer. In this 
con?guration, the heated carrier gas 44 Would be mixed With 
the microdroplets 46 as they enter the vaporization zone 
Which extends from the atomizer to the process chamber. It 
should be readily apparent to one skilled in the art, that other 
con?gurations, for example, such as providing a heated 
carrier gas line directly at the tip of the nozzle, may also be 
utilized in accordance With the present invention. 

[0041] Further as shoWn in the alternative con?guration of 
FIG. 2, it may be bene?cial to reverse the position of the 
How controller and gas heater of FIG. 1 to rather provide a 
How controller 92 for controlling the How rate of the carrier 
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gas 44 and then providing the heating of the gas 44 via block 
90. In such a con?guration, it is then unnecessary to heat the 
elements of the How controller 40 in order to maintain the 
constant temperature of the heated carrier gas 44 along the 
heated gas line 98 for reproducibility of the heated carrier 
gas 44 into the vaporization zone 20. The proximity of the 
gas heater to the vaporization zone should also be mini 
mized. 

[0042] As Would be apparent to one skilled in the art, the 
heated vaporization zone 20 may be directed into one or 
more process chambers by one or more directing devices 50, 
such as, for example, the shoWerhead 50 of the FIG. 1. For 
example, tWo liquid precursor vaporizers 12 may be utilized 
for directing a vaporized liquid precursor into a single 
process chamber or, for example, a single heated vaporiza 
tion zone With multiple directing devices 50 may be utilized 
for directing the vaporized liquid into several process cham 
bers 14. 

[0043] Also, as Would be apparent to one skilled in the art, 
other reactants or reactant gases may be introduced in the 
vapor deposition system 10 in various manners and at 
various points in the system. For example, reactants or 
reactant gases, such as, for example, oxygen, nitrous oxide, 
ammonia, Water vapor, hydrogen sul?de, hydrogen selenide, 
hydrogen telluride, etc., and mixtures thereof, can be intro 
duced into the process chamber 14 separately from the 
vaporized liquid precursor, introduced into the system in 
combination With the liquid precursor being vaporized, 
introduced into the system in combination With the heated 
carrier gas, introduced into the vaporization zone to combine 
With the vaporized liquid precursor, or in any combination 
thereof. 

[0044] The embodiment of FIG. 3 includes all the ele 
ments of embodiment of FIG. 1 and further includes a 
detection system 105 Which may be utilized to detect 
unvaporized mist or microdroplets or to detect particulates 
that Would be detrimental to the groWth of a ?lm in the 
process or reactor chamber 116. The detected information 
may then be supplied to a controller 112 for manipulating the 
liquid precursor vaporizer 12 via a feedback loop. The 
feedback is utilized to adjust the temperature or adjust the 
residence time of the mixture of heated carrier gas 44 and 
microdroplets 46 in heated vaporization zone 20. 

[0045] With reference to FIG. 3, the detection system 105 
includes a diverter 102 for diverting the vaporized micro 
droplets to a How cell 104. The How cell 104 includes a 
WindoW for hitting the diverted vaporized and unvaporized 
microdroplets With a laser light from a laser source 108, such 
as a laser diode. Light scattered by the diverted sample is 
detected by a detector 110, for example, a photodiode. The 
detector 110 then generates an electrical signal and provides 
a signal to controller 112 indicating the concentration of the 
unvaporized microdroplets or detected particulates that 
Would be detrimental to the CVD process. 

[0046] Alternatively, the process chamber may be used as 
the How cell. Rather than diverting a sample of the vaporized 
microdroplets into ?oW cell 104, the detection system 105 
may include a WindoW for impinging on the vaporized and 
unvaporized microdroplets in the process chamber 116 With 
a detector 118 for detecting the light scattered by the 
constituents in the process chamber. The detection system 
may also be performed at any in-line point of the vaporiza 



US 2001/0020448 A1 

tion process or vaporization Zone Where desired, although 
because the vaporization Zone is to be continuously main 
tained at a constant temperature, diversion to a How cell 
separated from the vaporiZation Zone may provide the 
simplest con?guration. Such detection systems may include 
elements or systems from commonly available concentra 
tion detection systems as are knoWn to those skilled in the 
art, such as those available from Alltech, Deer?eld, Ill. 

[0047] The controller 112 Which controls the liquid pre 
cursor vaporiZer 12 in response to detected concentrations, 
can provide such control in various Ways. The noZZle 36 of 
atomiZer 30 may be variably positioned, as previously 
described, Within the heated vaporiZation Zone 20 so as to 
alloW the tip of the noZZle to be moved Within the vapor 
iZation Zone 20. This Would alloW the controller to adjust the 
length of the vapor ?oW path using the position of the noZZle 
and thus adjust the residence time of the microdroplets 46 
and heated carrier gas 44 Within the heated vaporiZation 
Zone 20. 

[0048] In another embodiment, the control may be accom 
plished by having the housing 22 being telescoped such that 
the length of the housing 22 may be modi?ed to vary the 
length of the vapor ?oW path of the heated vaporiZation Zone 
20. This once again, Will adjust the residence time of the 
microdroplets 46 and heated carrier gas 44 Within the heated 
vaporiZation Zone 20. In addition, the How rate of the heated 
carrier gas 44 under control of the How controller 40 may be 
utiliZed to adjust the residence time of the heated carrier gas 
44 and microdroplets 46 Within the heated vaporiZation Zone 
20. As Would be apparent to one skilled in the art, any 
structural variability Which may modify the length of the 
heated vaporiZation Zone 20 could be utiliZed for providing 
control of residence time in response to detected unvapor 
iZed precursor. 

[0049] The vaporiZer 12 may also be adjusted by adjusting 
the temperature in various Ways. For example, the tempera 
ture of the heated gas 44 by Way of gas heater 42 may be 
adjusted to provide more adequate vaporiZation Within 
heated vaporiZation Zone 20. In addition to adjusting the 
temperature of the heated carrier gas 44, the temperature of 
the heated vaporiZation Zone 20 may be modi?ed by adjust 
ing the temperature of heating elements 26 to more effec 
tively vaporiZe the microdroplets 46 Within the heated 
vaporiZation Zone 20. Again, as one skilled in the art Would 
recogniZe, any temperature modi?cation available Within the 
liquid precursor vaporiZer 12 could be controlled for pro 
viding more adequate vaporiZation of the microdroplets 46 
Within the heated vaporiZation 20 in response to the detec 
tion of unvaporiZed liquid precursor. 

[0050] The atomiZer 30 may also include a preheating 
element Which preheats the liquid precursor prior to dis 
pensing it into vaporiZation Zone 20. By preheating the 
liquid precursor, the temperature of the heated carrier gas 44 
may be decreased or the residence time Within the heated 
vaporiZation Zone 20 may be shortened. This preheating 
element may also be controlled in response to the detection 
of unvaporiZed liquid precursor. 

[0051] As Would be knoWn to one skilled in the art, the 
orientation, i.e., vertical/horiZontal, of the various elements 
of the vaporiZer 12 including the directing device 50 may 
take one of any number of con?gurations. For example, the 
vaporiZation Zone may be vertical as opposed to being 
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horiZontal, the heated carrier gas line may be vertical as 
opposed to being horiZontal, the shoWerhead may be posi 
tioned such that the vapor is directed upWard as opposed to 
being directed doWnWard, as Well as other changes in the 
con?guration as Would be knoWn to one skilled in the art. 

[0052] Also, as Would be knoWn to one skilled in the art, 
the ranges of residence time Within the vaporiZation Zone 
and the heat necessary to vaporiZe the microdroplets 46 is 
highly dependent upon the liquid precursor utiliZed. Each 
liquid precursor Will have different ranges of such param 
eters and other applicable parameters. Because the invention 
as described herein is not limited to any particular liquid 
precursor, the time ranges With regard to residence time and 
heat necessary to vaporiZe such liquid precursors is variable 
depending on the application of the apparatus. 

[0053] The vaporiZation method in accordance With the 
present invention includes generating high surface area 
microdroplets, for example, With atomiZer 30. Then such 
microdroplets are vaporiZed using a heated carrier gas, such 
as helium, as the primary source of heat for such vaporiZa 
tion. The present invention employs a high surface area With 
a loW residence time Within the vaporiZation Zone to provide 
vaporiZation of a liquid precursor utiliZing a heated carrier 
gas as opposed to the vaporiZation being carried out by 
contact With heated surfaces. The heated carrier gas is 
utiliZed as the primary source of heat for the vaporiZation 
and is also utiliZed to deliver the liquid precursor to the 
process chamber 14. The vaporiZation of the liquid precursor 
is performed in a heated vaporiZation Zone Which is physi 
cally separated from the process chamber 14, although it 
may be at least in part positioned Within the process chamber 
14. 

[0054] As previously described, the high surface area 
microdroplets may be generated by an electrostatic sprayer, 
an ultrasonic nebuliZer or aspirated using a forced gas or 
bubbler technique With baf?es. The microdroplets are dis 
pensed into the heated vaporiZation Zone 20, such as through 
noZZle 36 of atomiZer 30. The heated carrier gas 44 is mixed 
With the microdroplets in the heated vaporiZation Zone 20. 
The mixing may take place, for example, directly upon 
entering the heated vaporiZation Zone 20 such as When the 
microdroplets are provided directly to the carrier gas line 24. 

[0055] In order to prevent decomposition of the micro 
droplets at the heated Walls, the heated carrier gas 44 is 
provided to the vaporiZation Zone 20 at a How rate that 
prevents the microdroplets from sticking to the heated Wall 
surfaces of the housing 22. Further to prevent decomposition 
of the mixture of heated carrier gas 44 and microdroplets 46, 
a substantially constant temperature of the mixture is main 
tained throughout the vaporiZation Zone and along the vapor 
?oW path. 

[0056] After the mixture of heated carrier gas 44 and 
microdroplets 46 proceeds along the vapor ?oW path of the 
heated vaporiZation Zone 20, the vaporiZed liquid precursor 
is directed to one or more process chambers 14 for use in 
depositing a desired ?lm, such as on the deposition surface 
or Wafer 15. 

[0057] The detection system 105 providing feedback to 
various elements of the vaporiZer 12, as described previ 
ously, provides additional control of the process in order to 
provide highly reproducible vaporiZation. 



US 2001/0020448 A1 

[0058] Although the present invention has been described 
With particular reference to a preferred embodiment thereof, 
variations and modi?cations of the present invention can be 
made Within a contemplated scope of the following claims 
as is readily knoWn to one skilled in the art. 

What is claimed is: 
1. AvaporiZing apparatus for providing a vaporiZed liquid 

precursor to a process chamber in a vapor deposition pro 
cess, the apparatus comprising: 

a microdroplet forming device con?gured to generate 
microdroplets from a liquid precursor; and 

a heated housing de?ning a vaporiZation Zone having a 
vapor ?oW path from the microdroplet forming device 
to the process chamber, the vaporiZation Zone for 
receiving the microdroplets and a heated carrier gas, the 
heated carrier gas for vaporiZing at least a portion of the 
microdroplets. 

2. The apparatus according to claim 1, Wherein the heated 
carrier gas is an inert gas With high thermal conductivity. 

3. The apparatus according to claim 2, Wherein the heated 
carrier gas is helium. 

4. The apparatus according to claim 1, Wherein the 
microdroplet forming device includes a dispensing device 
sealingly positioned in the vaporiZation Zone to dispense the 
microdroplets into the vaporiZation Zone, the heated housing 
having a carrier gas port for receiving the heated carrier gas 
to vaporiZe the microdroplets in the vaporiZation Zone, and 
further Wherein the heated housing includes a directing 
device to direct the vaporiZed microdroplets into the process 
chamber. 

5. The apparatus according to claim 4, Wherein the 
apparatus further includes: 

a gas ?oW controller for controlling a How rate of the 
heated carrier gas to the vaporiZation Zone, the heated 
carrier gas being provided to the vaporiZation Zone 
through a heated gas line connected to the heated 
carrier gas port; and 

a liquid ?oW controller for providing the liquid to the 
microdroplet forming device at a desired ?oW rate. 

6. The apparatus according to claim 4, Wherein the 
dispensing device includes an opening for dispensing the 
microdroplets, the opening being positioned in close proX 
imity to the carrier gas port. 

7. The apparatus according to claim 1, Wherein the 
microdroplets formed include droplets having a diameter of 
less than 1000 micrometers. 

8. The apparatus according to claim 1, Wherein the 
microdroplet forming device preheats the microdroplets 
prior to being introduced into the vaporiZation Zone. 

9. The apparatus according to claim 1, Wherein the heated 
vaporiZation Zone is physically separate from the process 
chamber. 

10. The apparatus according to claim 9, Wherein the 
heated vaporiZation Zone is located at least in part Within the 
process chamber but is physically separate therefrom. 

11. The apparatus according to claim 1, Wherein the 
heated housing includes at least one Wall, the at least one 
Wall being heated by at least one heating element to maintain 
a substantially constant temperature along the vapor ?oW 
path. 

12. The apparatus according to claim 11, Wherein the 
apparatus includes at least one monitor for detecting the 
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temperature along the vapor ?oW path, the at least one 
heating element changing the temperature of the vapor ?oW 
path in response to the detected temperature. 

13. The apparatus according to claim 1, Wherein the 
microdroplet forming device includes one of an electrostatic 
sprayer and an ultrasonic nebuliZer. 

14. The apparatus according to claim 1, Wherein the 
apparatus further includes: 

a detection device for detecting the concentration of 
unvaporiZed microdroplets and generating a signal rep 
resentative thereof; and 

a controller responsive to the signal representative of the 
detected concentration for initiating modi?cation of a 
parameter of the vaporiZing apparatus. 

15. The apparatus according to claim 14, Wherein the 
apparatus further includes means for modifying a length of 
the vapor ?oW path in response to the a signal from the 
controller. 

16. The apparatus according to claim 15, Wherein the 
modifying means includes means for repositioning an open 
ing of the microdroplet forming device Within the vaporiZa 
tion Zone. 

17. The apparatus according to claim 15, Wherein the 
modifying means includes means for modifying a length of 
the heated housing. 

18. The apparatus according to claim 14, Wherein the 
apparatus further includes means for changing the tempera 
ture along the vapor ?oW path in response to a signal from 
the controller. 

19. The apparatus according to claim 1, Wherein the 
apparatus further comprises a detector for detecting undes 
ired particulates in the vapor ?oW path. 

20. A method of vaporiZing liquid precursors for vapor 
deposition processes, the method comprising the steps of: 

generating microdroplets; and 

vaporiZing at least a portion of the microdroplets using a 
heated carrier gas. 

21. The method according to claim 20, Wherein the heated 
carrier gas is an inert gas With high thermal conductivity. 

22. The method according to claim 21, Wherein the heated 
carrier gas is helium. 

23. The method according to claim 20, Wherein the 
generating step includes generating the microdroplets elec 
trostatically. 

24. The method according to claim 20, Wherein the 
generating step includes generating the microdroplets ultra 
sonically. 

25. The method according to claim 20, Wherein the 
generating step includes generating the microdroplets hav 
ing a diameter less than about 1000 micrometers. 

26. The method according to claim 20, Wherein the 
generating step includes dispensing the microdroplets in a 
heated vaporiZation Zone; and further Wherein the vaporiZa 
tion step includes miXing the heated carrier gas With the 
microdroplets in the heated vaporiZation Zone. 

27. The method according to claim 26, Wherein the 
vaporiZation step further includes the step of providing the 
heated carrier gas to the vaporiZation Zone at a How rate to 
substantially prevent decomposition of the microdroplets at 
heated Walls de?ning the vaporiZation Zone. 

28. The method according to claim 20, Wherein the 
vaporiZation step includes maintaining a substantially con 
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stant temperature of the mixture of the heated carrier gas and 
the microdroplets throughout the vaporization Zone. 

29. The method according to claim 26, further including 
the step of directing the mixture of the heated carrier gas and 
vaporiZed microdroplets in the vaporiZation Zone to one or 
more process chambers having a deposition surface posi 
tioned therein. 

30. The method according to claim 20, Wherein the 
generating step includes preheating the microdroplets. 

31. The method according to claim 20, Wherein the 
method further comprises the steps of: 

detecting the concentration of unvaporiZed microdroplets; 
and 

controlling the vaporiZation step as a function of the 
detected concentration. 

32. The method according to claim 31, Wherein the 
vaporiZation step is performed in a heated vaporiZation Zone, 
and further Wherein the controlling step includes controlling 
the temperature of the heated vaporiZation Zone. 

33. The method according to claim 31, Wherein the 
controlling step includes controlling the temperature of the 
heated carrier gas. 

34. The method according to claim 31, Wherein the 
vaporiZation step is performed in a heated vaporiZation Zone, 
and further Wherein the controlling step includes controlling 
a time period the microdroplets are in the heated vaporiZa 
tion Zone. 

35. The method according to claim 34, Wherein the time 
period controlling step includes changing a siZe of the 
vaporiZation Zone. 

36. The method according to claim 34, Wherein the time 
period controlling step includes changing a position in the 
vaporiZation Zone at Which the microdroplets are introduced 
therein. 

37. The method according to claim 20, Wherein the 
method further comprises the step of detecting undesired 
particulates in the vaporiZed liquid. 

38. A vapor deposition system comprising: 

a heated carrier gas; 

a heated housing de?ning a heated vaporiZation Zone, the 
heated housing including a port for introducing the 
heated carrier gas in the heated vaporiZation Zone; 

an atomiZer for generating microdroplets from a liquid 
precursor and dispensing the microdroplets in the 
heated vaporiZation Zone, the heated carrier gas for 
vaporiZing the at least a portion of the microdroplets in 
the vaporiZation Zone resulting in a vaporiZed liquid 
precursor; and 

a process chamber for receiving the vaporiZed liquid from 
the heated vaporiZation Zone. 

39. The system according to claim 38, Wherein the heated 
vaporiZation Zone is physically separate from the process 
chamber. 

40. A method of vaporiZing liquid precursors for vapor 
deposition processes, the method comprising the steps of: 

generating microdroplets; and 

using a heated carrier gas as the primary source of heat to 
vaporiZe the microdroplets. 

41. The method according to claim 40, Wherein the heated 
carrier gas is an inert gas With high thermal conductivity. 
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42. The method according to claim 40, Wherein the 
generating step includes generating the microdroplets hav 
ing a diameter less than about 1000 micrometers. 

43. The method according to claim 40, Wherein the 
generating step includes preheating the microdroplets. 

44. A method of controlling the vaporiZation of liquid 
precursors for vapor deposition processes, the method com 
prising the steps of: 

using a heated carrier gas to vaporiZe microdroplets; 

detecting the concentration of unvaporiZed microdroplets; 
and 

controlling the use of the heated carrier gas to vaporiZe the 
microdroplets as a function of the detected concentra 
tion. 

45. The method according to claim 44, Wherein the 
vaporiZation of microdroplets by using the heated carrier gas 
is performed in a heated vaporiZation Zone, and further 
Wherein the controlling step includes controlling the tem 
perature of the heated vaporiZation Zone. 

46. The method according to claim 44, Wherein the 
controlling step includes controlling the temperature of the 
heated carrier gas. 

47. The method according to claim 44, Wherein the 
vaporiZation of microdroplets by using the heated carrier gas 
is performed in a heated vaporiZation Zone, and further 
Wherein the controlling step includes controlling a time 
period the microdroplets are in the heated vaporiZation Zone. 

48. The method according to claim 47, Wherein the time 
period controlling step includes changing a siZe of the 
vaporiZation Zone. 

49. The method according to claim 47, Wherein the time 
period controlling step includes changing a position in the 
vaporiZation Zone at Which the microdroplets are introduced 
therein. 

50. The method according to claim 44, Wherein the 
method further comprises the step of detecting undesired 
particulates in the vaporiZed liquid. 

51. A method of vaporiZing liquid precursors for vapor 
deposition processes, the method comprising the steps of: 

providing microdroplets, the microdroplets having a 
diameter less than about 1000 micrometers; 

heating an inert carrier gas having high thermal conduc 
tivity; 

miXing the microdroplets With the heated carrier gas, the 
heated carrier gas being heated to a temperature so as 
to provide the primary source of heat for vaporiZing the 
microdroplets. 

52. The method according to claim 51, Wherein the 
providing step includes providing microdroplets having a 
diameter less than about 100 micrometers. 

53. The method according to claim 51, Wherein the 
providing step includes dispensing the micro droplets in a 
heated vaporiZation Zone for miXing With the heated carrier 
gas, the heated carrier gas provided to the vaporiZation Zone 
at a flow rate to substantially prevent decomposition of the 
microdroplets at heated Walls de?ning the vaporiZation 
Zone. 

54. The method according to claim 53, Wherein the 
vaporiZation step includes maintaining a substantially con 
stant temperature of the miXture of the heated carrier gas and 
the microdroplets throughout the vaporiZation Zone. 
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55. A vaporizing apparatus for providing a vaporized 
liquid precursor to a process chamber in a vapor deposition 
process, the apparatus comprising: 

a microdroplet forming device con?gured to generate 
microdroplets from a liquid precursor; 

a heated housing de?ning a vaporiZation Zone having a 
vapor ?oW path from the microdroplet forming device 
to the process chamber, the vaporiZation Zone for 
receiving the microdroplets and a heated carrier gas, the 
heated carrier gas for vaporiZing at least a portion of the 
microdroplets; and 

a detector for detecting undesired particulates in the vapor 
?oW path. 

56. The apparatus according to claim 55, Wherein the 
heated carrier gas is an inert gas With high thermal conduc 
tivity. 

57. The apparatus according to claim 56, Wherein the 
heated carrier gas is helium. 

58. The apparatus according to claim 55, Wherein the 
microdroplet forming device comprises a dispensing device 
sealingly positioned in the vaporiZation Zone to dispense the 
microdroplets into the vaporiZation Zone, the heated housing 
having a carrier gas port for receiving the heated carrier gas 
to vaporiZe the microdroplets in the vaporiZation Zone, and 
further Wherein the heated housing includes a directing 
device to direct the vaporiZed microdroplets into the process 
chamber. 

59. The apparatus according to claim 58, Wherein the 
apparatus further comprises: 

a gas ?oW controller for controlling a How rate of the 
heated carrier gas to the vaporiZation Zone, the heated 
carrier gas being provided to the vaporiZation Zone 
through a heated gas line connected to the carrier gas 
port; and 

a liquid ?oW controller for providing the liquid precursor 
to the microdroplet forming device at a desired ?oW 
rate. 

60. The apparatus according to claim 58, Wherein the 
dispensing device comprises an opening for dispensing the 
microdroplets, the opening being positioned in close proX 
imity to the carrier gas port. 

61. The apparatus according to claim 55, Wherein the 
microdroplets formed comprise droplets having a diameter 
of less than 1000 micrometers. 

62. The apparatus according to claim 55, Wherein the 
microdroplet forming device preheats the microdroplets 
prior to being introduced into the vaporiZation Zone. 

63. The apparatus according to claim 55, Wherein the 
vaporiZation Zone is physically separate from the process 
chamber. 

64. The apparatus according to claim 63, Wherein the 
vaporiZation Zone is located at least in part Within the 
process chamber but is physically separate therefrom. 

65. The apparatus according to claim 55, Wherein the 
heated housing comprises at least one Wall, the at least one 
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Wall being heated by at least one heating element to maintain 
a substantially constant temperature along the vapor ?oW 
path. 

66. The apparatus according to claim 65, Wherein the 
apparatus comprises at least one monitor for detecting the 
temperature along the vapor ?oW path, the at least one 
heating element changing the temperature of the vapor ?oW 
path in response to the detected temperature. 

67. The apparatus according to claim 55, Wherein the 
microdroplet forming device comprises one of an electro 
static sprayer and an ultrasonic nebuliZer. 

68. A method of vaporiZing liquid precursors for vapor 
deposition processes, the method comprising: 

generating microdroplets; 
vaporiZing at least a portion of the microdroplets using a 

heated carrier gas; and 

detecting undesired particulates in the vaporiZed micro 
droplets. 

69. The method according to claim 68, Wherein the heated 
carrier gas is an inert gas With high thermal conductivity. 

70. The method according to claim 69, Wherein the heated 
carrier gas is helium. 

71. The method according to claim 68, Wherein generat 
ing microdroplets comprises generating microdroplets elec 
trostatically. 

72. The method according to claim 68, Wherein generat 
ing microdroplets comprises generating microdroplets ultra 
sonically. 

73. The method according to claim 68, Wherein generat 
ing rnicrodroplets comprises generating rnicrodroplets hav 
ing a diameter less than about 1000 micrometers. 

74. The method according to claim 68, Wherein generat 
ing microdroplets comprises dispensing the microdroplets in 
a heated vaporiZation Zone; and further Wherein vaporiZing 
at least the portion of the microdroplets includes miXing the 
heated carrier gas With the microdroplets in the heated 
vaporiZation Zone. 

75. The method according to claim 74, Wherein vaporiZ 
ing at least the portion of the microdroplets further com 
prises providing the heated carrier gas to the heated vapor 
iZation Zone at a How rate to substantially prevent 
decomposition of the microdroplets at heated Walls de?ning 
the heated vaporiZation Zone. 

76. The method according to claim 74, Wherein vaporiZ 
ing at least the portion of the microdroplets includes main 
taining a substantially constant temperature of a mixture of 
the heated carrier gas and the microdroplets throughout the 
heated vaporiZation Zone. 

77. The method according to claim 74, further comprising 
directing a mixture of the heated carrier gas and vaporiZed 
microdroplets in the heated vaporiZation Zone to one or more 
process chambers having a deposition surface positioned 
therein. 

78. The method according to claim 68, Wherein generat 
ing microdroplets comprises preheating the microdroplets. 

* * * * * 


