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METHOD FOR PRODUCING 
NANOPARTICLES AND NANOSTRUCTURED 

FILMS 

PRIORITY CLAIM 

0001. The present application claims priority to U.S. Pro 
visional Application No. 60/582,884 filed on Jun. 25, 2004, 
which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. The present invention relates to nanoparticles and 
nanostructured films in general, and in particular to a method 
for producing composite, shelled, alloy and compound nano 
particles and nanostructured films. Still more specifically, the 
present invention relates to a method for producing compos 
ite, shelled, alloy and compound nanoparticles and nano 
structured films by using laser ablation of microparticles. 
0004 2. Description of Related Art 
0005. In general, many applications can benefit from com 
positional variations on a nanoscale. Such applications 
include, for example, nanostructured giant magnetostrictive 
films, optical amplifier photonic materials, non-linear photo 
nic materials, thermoelectric materials, magnetic materials, 
corrosion resistant alloys, etc. Three-dimensional nanostruc 
tured materials are typically required for all the above-men 
tioned applications. 
0006 Three-dimensional nanostructured materials can be 
produced by methods such as vacuum synthesis, gas-phase 
synthesis, condensed phase synthesis, high-speed deposition 
using ionized cluster beams, consolidation, high-speed mill 
ing, etc. But those methods commonly suffer from a variety of 
problems such as agglomeration, broad size distribution, low 
Volume production, impurity, Surfactant requirement, envi 
ronmental unfriendness, etc. Basically, nanostructured mate 
rials are difficult to produce in size scales that are practical for 
many applications using existing manufacturing technolo 
gies. 
0007. It has been known that supersonic jet deposition of 
nanoparticle aerosols generated by a laser ablation of micro 
particles (LAM) can be used to directly write films, micron 
scale lines, and other structures onto Substrates. The present 
disclosure provides a method that extends the LAM process 
for producing composite, shelled, alloy and compound nano 
particles as well as nanostructured films of composite, 
shelled, alloy and compound nanoparticles. 

SUMMARY OF THE INVENTION 

0008 Nanoparticles can be produced by initially generat 
ing an aerosol gas of microparticles of Material A. Then, a 
first ablation is performed on the aerosol gas of microparticles 
of Material Ato transform the aerosol gas of microparticles of 
Material A to an aerosol gas of nanoparticles of Material A. 
Next, an aerosol gas of microparticles of Material B is added 
to the aerosol gas of nanoparticles of Material A. Finally, a 
second ablation is performed on a mixture of the aerosol gas 
of microparticles of Material B and the aerosol gas of nano 
particles of Material A to transform the aerosol gas of micro 
particles of Material B to an aerosol gas of nanoparticles of 
Material B. The secondablation also allows the nanoparticles 
of Material A to be nucleated by the nanoparticles of Material 
B to form nanoparticles. 
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0009 Nanoparticles can also be generated by initially pro 
ducing an aerosol gas of microparticle mixture of two differ 
ent materials, such as Material A and Material B. Then, the 
aerosol gas of microparticle mixture of the two different 
materials is passed through an energy beam to produce alloy 
or compound nanoparticles of the two different materials. 
0010 Nanoparticle films can be produced by initially gen 
erating an aerosol gas of microparticles of Material A and an 
aerosol gas of microparticles of Material B. Then, the aerosol 
gas of microparticles of Material A and the aerosol gas of 
microparticles of Material B are separately and concurrently 
passed through an energy beam. During the ablation, the 
aerosol gas of microparticles of Material A is transformed to 
an aerosol gas of nanoparticles of Material A while the aero 
sol gas of microparticles of Material B is transformed to an 
aerosol gas of nanoparticles of Material B. Finally, the nano 
particles of Materials A and B are deposited on a substrate in 
separate flows to produce a composite nanoparticle film of 
Materials A and B. 
0011 All features and advantages of the present invention 
will become apparent in the following detailed written 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The invention itself, as well as a preferred mode of 
use, further objects, and advantages thereof, will best be 
understood by reference to the following detailed description 
of an illustrative embodiment when read in conjunction with 
the accompanying drawings, wherein: 
0013 FIG. 1 is a diagram of an apparatus for performing 
laser ablation of microparticles (LAM); 
0014 FIG. 2 is a diagram of an apparatus for collecting 
nanoparticles, in accordance with a preferred embodiment of 
the present invention; 
0015 FIG. 3 is a diagram of an apparatus for producing 
nanoparticles, in accordance with a preferred embodiment of 
the present invention; 
0016 FIG. 4 is a diagram of an apparatus for producing 
nanoparticles, in accordance with a second embodiment of 
the present invention; 
0017 FIG. 5 is a diagram of an apparatus for producing 
nanoparticles, in accordance with a third embodiment of the 
present invention; and 
0018 FIG. 6 is a diagram of an apparatus for producing 
composite nanoparticle films, in accordance with a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0019 Microparticles are employed as starting materials in 
the production of nanoparticles. Microparticles can be com 
posed of a wide variety of materials of any shape. Preferably, 
Such materials are solids at room temperature and are not 
Susceptible to chemical degradation during the practice of the 
present invention. Representative examples of Suitable mate 
rials include silica, alumina, alloys, inorganic and organic 
compounds, metals (such as gold, silver, palladium, nickel 
and iron), oxides. and Sulfides. 

I. Laser Ablation of Microparticles 
0020 Referring now to the drawings and in particular to 
FIG. 1, there is depicted a diagram of an apparatus for per 
forming laser ablation of microparticles (LAM). As shown, 
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an appropriate amount of microparticles is initially placed in 
an aerosol feed source 14. Within aerosol feed source 14, the 
microparticles are entrained in an aerosol gas. The micropar 
ticles in an aerosol form continue through a line 11 and enter 
a laser ablation chamber 19 in which microparticles are 
moved through a laser beam 15 for performing laserablation. 
The laminarity of the aerosol stream of microparticles within 
laser ablation chamber 19 is maintained by a coaxial flow of 
buffer gas through a line 12. The velocity of the aerosol 
stream of microparticles passing through laser beam 15 can 
be controlled by aerosol feed source 14 and a nozzle 16. 
0021 Laser beam 15 is generated by a laser (not shown). 
Any commercially available laser capable of generating a 
laser light having wavelengths in the range between 0.15 and 
11 microns can be employed to generate laser beam 15. The 
selection of a specific laser depends on the optical properties 
of the microparticles and the size of the nanoparticles desired. 
Similarly, the power of the required laser also varies, depend 
ing on the above-mentioned variables. The laser should be 
capable of generating a fluence of about 0.1 to about 10 joules 
per square centimeter (J/cm) if a laser pulse of 1 to 100 
nanoseconds is used, or an irradiance of 10 to 10' watts per 
square centimeter (W/cm) if a laser pulse of above or below 
1 to 100 nanoseconds is used. 
0022 Laser beam 15 with a wavelength of 248 nanometer 
can be generated using a KrF excimer laser having a 12 
nanosecond pulse length. Laserbeam 15 with a wavelength of 
533 nanometer can be generated by a frequency-doubled 
Nd:YAG laser having an 8 nanosecond pulse length. Laser 
beam 15 with a wavelength of 1064 nanometer can be gen 
erated by a fundamental frequency Nd:YAG laser having a 10 
nanosecond pulse length. 
0023 Many methods can be employed for providing an 
aerosol Source of microparticles Substantially free of contact 
during laserablation. One method involves passing a moving 
stream of gas through a bed of microparticles Such that micro 
particles become entrained in the moving gas, and the moving 
stream of gas is then passed through laser beam 15. For 
example, argon or otherinert gases can be injected to aerosol 
feed source 14 from a pressurized gas source. Alternatively, 
microparticles can be pulled via a vacuum through laserbeam 
15. In addition, a defined quantity of microparticles can be 
dropped through laser beam 15 through a screw or plunger. 
Microparticles can also be mechanically thrown into a gas 
Stream. 

0024 Preferably, microparticles have a diameter greater 
than the wavelength of laser beam 15 but less than 100 
microns. Laser beam 15, passes through crossed a set of 
cylindrical lenses (not shown) to control the focus on the 
aerosol stream of microparticles. Laser beam 15 enters 
through a window before converging to the aerosol stream of 
microparticles. 
0025. In order to conserve energy, laser beam 15 is pref 
erably emitted in pulses. In a preferred embodiment, the 
microparticles can be moved into the focus of laser beam 15. 
The speed of the stream of microparticles and the pulse rep 
etition frequency of laser beam 15 can be adjusted such that 
laser beam 15 illuminates the microparticles for the time 
needed to ablate a given quantity of microparticles, and then 
turns off until a new batch of microparticles is dropped in the 
field of laser beam 15. 
0026. The mean diameter of nanoparticles produced can 
be adjusted by varying the energy of laser beam 15, the 
pressure of the aerosol gas, and the type of aerosol gas. At a 
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given laser light wavelength, increasing fluence results in 
decreasing mean nanoparticle diameter for a given mean 
diameter of microparticle starting material. In addition, 
increasing the mean diameter of microparticle starting mate 
rial at a given laser beam wavelength and fluence leads to a 
decrease in mean diameter of the nanoparticles produced. 
Generally, a larger fluence, a higher optical energy inside a 
microparticle, or a larger optical absorption of microparticles 
leads to the formation of nanoparticles with a smaller mean 
diameter. There is also a correlation between laser beam 
wavelength and nanoparticle size, which depends on the opti 
cal properties of microparticles. As such, the selection of laser 
beam wavelength can be used to control the size of nanopar 
ticles produced. Also, larger nanoparticles are usually formed 
in argon and nitrogen, and Smaller nanoparticles are usually 
formed in helium. Furthermore, larger nanoparticles are 
formed at higher aerosol gas pressures (above one atmo 
sphere) and Smaller nanoparticles are formed at lower aerosol 
gas pressure (below one atmosphere). 
0027. A skimmer 17 of shape similar to nozzle 16 is used 
to separate the aerosol containing nanoparticles from the 
coaxial buffergas. The nanoparticle aerosol is moved through 
a gas line 18 to a device capable of removing the unablated 
microparticles. The nanoparticles can also be filtered so as to 
narrow their size distribution prior to collection or deposition. 
After the unablated microparticles and larger nanoparticles 
have been removed, nanoparticles are collected or deposited 
in a collection module 20. 

0028. With reference now to FIG. 2, there is depicted a 
diagram of deposition module 20 for collecting nanopar 
ticles, in accordance with a preferred embodiment of the 
present invention. As shown, nanoparticle aerosol moves 
though a line 25 and a nozzle 23 to an impaction chamber 21 
using a vacuum pump (not shown). Vacuum is maintained in 
impaction chamber 21. The converging cone angle, nozzle 
length, nozzle throat diameter, and nozzle diverging cone 
angle of nozzle 23 can be used to control the impaction 
Velocity of nanoparticles on an impaction Substrate 22 within 
impaction chamber 21. Impaction Substrate 22 can be moved 
under nozzle 23 in order to control the deposition of nano 
particles into films and lines. Alternatively, a fluid film of 
surfactant can be flowed over impaction substrate 22 to col 
lect nanoparticles for future use. Because the produced nano 
particles are left charged by the energy beam, the produced 
nanoparticles can be deflected and Subsequently collected by 
electric fields. 
0029. During exposure to an energy beam, such as laser 
beam 15, microparticles are substantially free of contact 
among individual microparticles. While a few microparticles 
may be in contact with each other during the process, the great 
majority of microparticles should not be in contact. The 
greater the number of microparticles that are in contact in a 
given mass of microparticles, the greater the microparticles as 
a whole will behave as a bulk material such as a solid bar. 
Preferably, less than 1% of microparticles are in contact while 
being illuminated with laser beam 15 to cause laser ablation. 
It is understood that microparticle agglomerates having less 
than 10,000 primary particles per agglomerate can serve as 
the source of microparticles. Of course, microparticles are 
preferably not agglomerated. The particle density of micro 
particles during exposure to laser beam 15 is less than 1x10 
particles per cubic centimeter. 
0030. Laser beam 15 has sufficient energy to ablate micro 
particles directly, without the microparticles being heated to 
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liquid, followed by the boiling of the liquid to vapor. To bring 
about direct laserablation of microparticles, it is necessary to 
employ an energy beam of Sufficient energy to exceed the 
plasma formation threshold of the microparticles by a factor 
of at least 1.5. By comparison, the heating/boiling/vaporiza 
tion of materials generally employs energy of less than a 
factor of 1 of the plasma formation threshold. The appropriate 
energy can be determined via experimentation where energy 
levels of the energy beam are increased and products 
observed. For 8 mm silica microparticles, the plasma forma 
tion threshold was found to be at a fluence of about 0.5J/cm 
using a laser beam at a wavelength of 1,064 nm. 
0031. The determination of the size distribution of nano 
particles generated requires a large number of individual 
nanoparticles so that a statistically significant distribution can 
be obtained. A transmission electron microscope (TEM) can 
be used to obtain photomicrographs of nanoparticles. For 
example, nanoparticles can be deposited onto a carbon Sup 
port grid and placed directly into the TEM. The photomicro 
graphs can also be digitized and processed using well-known 
methods. 

II. Producing Nanoparticles 

0032 Referring now to FIG. 3, there is illustrated a dia 
gram of an apparatus for producing nanoparticles, in accor 
dance with a preferred embodiment of the present invention. 
The preferred embodiment is described in terms of producing 
shelled nanoparticles, but it is understood by those skilled in 
the art that the preferred embodiment can be also used to 
produce alloy, compound and mixture nanoparticles. Shelled 
nanoparticles are nanoparticles having a core of one phase (or 
composition) covered by a shell with a different phase (or 
composition). As shown, the apparatus includes an ablation 
module 30a and an ablation module 30b. Each of ablation 
modules 30a-30b is similar to the one depicted in FIG.1. In a 
first aerosol feed source 31, microparticles of Material A are 
aerosolized and then laserablated by a laser beam 32 in a first 
laser ablation chamber 33 to form nanoparticles of Material 
A. Remaining in the aerosol gas form, nanoparticles of Mate 
rial A move to a second aerosol feed source 34 in which 
microparticles of Material B are added to the aerosol gas of 
nanoparticles of Material A. The mixture is then moved to a 
second laserablation chamber 36. 
0033. Within second laser ablation chamber 36, a laser 
beam 35 heats the nanoparticles of Material A uniformly 
because their size is much smaller than the wavelength of 
laser beam 35. With uniform heating, no shock can form in the 
nanoparticles of Material A and they are simply evaporated to 
form an atomic or molecular vapor. Shock heating by laser 
beam 35 in the microparticles of Material B causes the for 
mation of nanoparticles of Material B. The nanoparticles of 
Material B can then heterogeneously nucleate the vapor of 
Material A. If the materials are immiscible or the seed par 
ticles have sufficiently cooled, a shelled nanoparticle is 
formed. 
0034. Using the methods described in the preferred 
embodiment and depending on 11 the conditions of operation 
of the apparatus, the produced nanoparticles can also be mix 
tures of A and B, alloys or compounds of A and B, or mixtures 
thereof. The resulting nanoparticles can be collected or 
impacted to form nanostructured films using one of the meth 
ods described previously. 
0035 Depending upon the size of the nanoparticles pro 
duced in first laserablation chamber 33, their optical absorp 
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tion that is controlled by the real and imaginary parts of their 
index of refraction, their thermodynamic properties such as 
heat of vaporization and vapor pressure, the laser fluence may 
be insufficient to completely vaporize the particles. In some 
cases, such as ZnSparticles, they may decrease in radius only 
by 1-10%. These particles can thenact as seed nucleation sites 
for condensation of vapor produced by the laser ablation of 
the microparticle of Material B. If the density of nanoparticles 
in the aerosol coming from first laser ablation chamber 33 is 
Sufficient, such nucleation may dominate and all of the nano 
particles will have cores of Material A covered by shells of 
Material B. Under such conditions, any type of shelled nano 
particles can be produced by choosing the type of micropar 
ticle material to be placed into first aerosol feed source 31. 
0036 Alternatively, one can ensure that the nanoparticles 
of Material A completely evaporate during the second abla 
tion process, if their size is made Sufficiently small. This can 
be accomplished by adjusting the flow velocity and the length 
of laser beam 32 in first laserablation chamber 33 so that the 
nanoparticles of Material A are evaporated by a series of 
pulses of laser beam 32 after being created by the first laser 
pulse. The Success of Such technique depends upon the den 
sity of nanoparticles of Material A and the vapor of Material 
A leaving first laser ablation chamber 33, and the distance 
between laser ablation chambers 33 and 36, since nanopar 
ticles may grow in size during the transport time. 
0037. With reference now to FIG.4, there is illustrated a 
diagram of an apparatus for producing nanoparticles, in 
accordance with a second embodiment of the present inven 
tion. As shown, a single laser ablation chamber 44 is used to 
combine the aerosol streams of two different materials in 
order for a laser beam 43 to perform laser ablation. This 
requires that the particles in the streams absorb less than /2 of 
laser beam 43. The flows can also be arranged in a U-shaped 
geometry to minimize the flow distance from the first to the 
second laser ablation region. Two flow tubes enclosing the 
coaxial gas streams can hydrodynamically isolate the abla 
tion streams. 

0038. In a test under the embodiment shown in FIG. 4, 
microparticles of ZnS with size ranging from 0.5 to 10 um 
were used as Material A, and microparticles of CdSe of simi 
lar properties were used as Material B. Because the ZnS 
nanoparticles did not evaporate in the second laser ablation, 
shelled nanoparticles with a ZnS core and CdSe shell were 
produced. For this test, the aerosol sources were identical 
drum devices where the powder was mechanically dispersed 
into the aerosol gas with a density of 10° particles per cm of 
volume. The process worked well for microparticle densities 
ranging from 10 to 10 particles per cm. 
0039. It is possible to supersonically impact single-phase 
nanoparticles onto Substrates to form films and patterned 
lines. If shelled nanoparticles are SuperSonically impacted, 
nanocomposite films having Materials A and B are produced. 
By moving the Substrate relative to the SuperSonic nozzle, 
patterned films/lines can be produced from the nanocompos 
ites. Collection module 20 (details shown in FIG. 2) can be 
used to deposit Such nanoparticles into a composite film. 
0040. Referring now to FIG. 5, there is illustrated a dia 
gram of an apparatus for producing nanoparticles, in accor 
dance with a third embodiment of the present invention. The 
third embodiment is described in terms of producing com 
posite nanoparticles, but it is understood by those skilled in 
the art that the preferred embodiment can be also used to 
produce shelled, alloy, compound and mixture nanoparticles. 
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As shown, a microparticle mixture containing appropriate 
amounts of Materials A and B are placed into a single aerosol 
feed source 51. Aerosol feed source 51 is used to generate an 
aerosol mixture of Materials A and B. The carrier gas type, 
aerosol density of microparticles, gas pressure, and the flow 
rates are consistent with the LAM process described previ 
ously. It should be apparent that it is also possible to feed 
Materials A and Busing separate aerosol feed sources, and 
this may be desirable if the properties (such as density or 
particle size) of the microparticles of Materials A and B are 
substantially different such that the rate offeeding of the two 
materials is not consistent with the composition of the mix 
ture within aerosol feed source 51. 
0041 Consistent with the LAM process, the aerosol mix 
ture is brought into a laser ablation chamber 52 located 
directly beneath a nozzle 53 with a Surrounding gas to main 
tain laminar flow during laser ablation. The nature of the 
nanoparticles produced from laserablation by laser beam 54 
can be varied by controlling the aerosol density of the micro 
particles. For example, at low densities (i.e., less than 10° 
microparticles per cm), the vapor expansion of individual 
microparticles following laser ablation of Materials A and B 
do not overlap. In this case, the nanoparticles formed include 
only of either Material A or B, but are not mixed. At higher 
microparticle aerosol densities (i.e., greater than 10 micro 
particles per cm), some mixing of the vapors may occur prior 
to condensation of the nanoparticles. If mixing occurs, alloy, 
compound, or shelled particles of Materials A and B may 
result, depending on the laserablation conditions (such as the 
size of the microparticles and the power of laser beam 54), 
thermodynamic properties of Materials A and B and the rate 
of cooling of the nanoparticles. If the mixing of the vapors is 
incomplete, then the composition of the resulting nanopar 
ticles will vary, depending on the location of the nanoparticle 
when it was being nucleated. At high aerosol densities of the 
microparticles, the mixing of the vapor expansions will be 
complete and the variation in the composition of the resulting 
nanoparticles is reduced. 
0042. The resulting nanoparticle aerosol stream is a lami 
nar flow that can be collected as nanoparticles or impacted to 
produce films, as described previously. If the nanoparticles 
are deposited into films, they can include homogenous alloys, 
homogeneous compounds or heterogenous nanocomposite 
structures depending on the laser ablation conditions. For 
example, if high aerosol densities are used Such that the 
produced nanoparticles are alloys or compounds with the 
same or similar compositions, then the resulting films will be 
alloys or compounds. At lower aerosol densities, the nano 
particles produced may be shelled or have varying composi 
tion such that nanocomposite films will be formed. 

III. Producing Nanostructured Films 
0043. With reference now to FIG. 6, there is illustrated a 
diagram of an apparatus for producing nanostructured films, 
in accordance with a preferred embodiment of the present 
invention. As shown, microparticle aerosols of Materials. A 
and B are produced in separate aerosol feed sources 61 and 
62. The carrier gas type and pressure is consistent with the 
LAM process. The aerosol densities of the microparticles are 
also consistent with those required for the LAM process. The 
aerosol flows of Materials A and B are brought into a laser 
ablation chamber 64 side-by-side and released at identical 
velocities by nozzles 65 and 66 located side-by-side. The 
laminar flow of the Surrounding gas in laserablation chamber 
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64 is also moving at the same Velocity in order to preserve 
laminar flow of the aerosol streams. 
0044 Alaser beam 63 performs laserablation on separate 
aerosol streams of Materials A and B. Microparticles of Mate 
rials A and B are laser ablated by laser beam 63 in separate 
laminar regions of flowing gas. Laser beam 63 irradiates both 
flowing aerosol streams to produce nanoparticles. As shown, 
laser beam 63 is arranged to first pass through the aerosol of 
Material A and then through the aerosol of Material B. This 
requires that the particles in the stream of Material A absorb 
less than /2 of laser beam 63. Alternatively, laser beam 63 
may be oriented at another angle (i.e., other than 90 degree as 
shown in FIG. 6) in order to achieve the desired ablation 
strength. When using laser beam 63 having a pulse rate of 200 
HZ and a focused beam height of 4 mm, for example, the 
aerosol velocity should be around 0.8 m/s in order to insure 
that all the microparticles are ablated. 
0045. The laminar flow is maintained when the two 
streams of nanoparticles of Material A and Material B are 
combined into a single laminar flow. The resulting nanopar 
ticle aerosol stream is a laminar flow and is composed of 
segregated flows of Material A and Material B. A skimmer 64 
gathers the entire flow includes both Materials A and B. 
Laminar flow is maintained in a short tube 67 connecting 
skimmer 64 to a deposition module 69 (similar to collection 
module 20 in FIG. 2). The cross-section of the flow in tube 67 
is shown in the inset in FIG. 6. As the nanoparticle aerosol is 
accelerated through a deposition jet (not shown) in deposition 
apparatus 69, laminar flow is maintained. The deposition jet 
also has a cross-section similar to the inset in FIG. 6, and the 
material regions will remain segrated. 
0046. During deposition, a deposition substrate is moved 
relative to the deposition jet in order to have lines, patterns 
and films written on the deposition substrate. If the deposition 
jet moves in the +X direction (to the right) as shown in the inset 
of FIG. 6, then a layer of Material B will be deposited first and 
then covered by a layer of Material A. Conversely, if the 
deposition jet moves in the -x direction (to the left), then a 
layer of Material A will be deposited below a layer of Material 
B. Depending on the aerosol density fed to the laser ablation 
process and the velocity of the deposition jet, the thickness of 
the film layers may be adjusted from less than a monolayer of 
nanoparticles to greater than 1 um in thickness. In the case of 
sub-monolayer film thickness, the nanoparticles of Material 
A and Material B will be intermingled in a nanocomposite 
material. Depending on the relative quantity of the materials 
in each part of the deposition jet, a nanocomposite film of 
nano-regions of Material A in Material B, the opposite, or 
roughly equal parts of Material A and Material B in a nano 
composite can be produced 
0047. The deposition jet may be translated relative to the 
deposition substrate in other directions in order to achieve 
different effects. If the deposition jet is translated in the +y 
direction as shown in the inset of FIG. 6, then the materials 
will be deposited side-by-side, and a line will be deposited 
with Material A on the left and Material B on the right. This 
configuration might be beneficial when depositing a hetero 
junction in a single step process. 
0048. As has been described, the present invention pro 
vides a method for producing nanoparticles by using LAM. 
The present invention allows alloy nanoparticles, shelled or 
nanocomposite nanoparticles, nanocomposite films, and 
other two-dimensional structures to be produced at high pro 
duction rates (grams/hour). Alloy nanoparticles can have 
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unique chemical reactivity where the oxidation or corrosion 
of the material can be modified by the addition of a small 
amount of another element. Non-equilibrium phases can be 
formed that are not accessible via conventional chemical 
processes. Nanocomposite films and structures, as described 
above, can have enhanced nonlinear optical properties that 
make them ideal for optical wavelength conversion devices 
for photonic applications. Finally, nanocomposite magnetic 
alloys have enhanced properties when interacting with elec 
tromagnetic radiation and when used as magnetostrictive 
actuator materials. 
0049 Compared to existing technologies, the method of 
the present invention offers several advantages such as the 
ability to fabricate nanoparticles (1) that have a mean diam 
eter that can be controlled, (2) that preserve overall compo 
sition of the feedstock material, (3) that are initially non 
agglomerated without the need for a surfactant that can be 
difficult to remove for Subsequent processing, (4) from virtu 
ally all inorganic Solids, and (5) that can be scaled to the 
production of large quantities. 
0050. While the invention has been particularly shown and 
described with reference to a preferred embodiment, it will be 
understood by those skilled in the art that various changes in 
form and detail may be made therein without departing from 
the spirit and scope of the invention. 

1-9. (canceled) 
10. A method for producing nanoparticles, said method 

comprising: 
producing an aerosol gas of a microparticle mixture of two 

different materials; and 
passing the aerosol gas of the microparticle mixture 

through an energy beam to produce alloy, compound, or 
shelled nanoparticles of the two different materials. 

11. The method of claim 10, wherein said passing the 
aerosol gas of the microparticle mixture through an energy 
beam to produce alloy, compound, or shelled nanoparticles of 
the two different materials produces the alloy, compound, or 
shelled nanoparticles of a first material and a second material 
based at least in part on ablation conditions, thermodynamic 
properties of the first and second materials, or a rate of cooling 
of the nanoparticles of the first and second materials. 

12. The method of claim 10, wherein said passing the 
aerosol gas of the microparticle mixture through an energy 
beam comprises passing the aerosol gas of the microparticle 
mixture through a laser beam having wavelengths in a range 
between 0.15 and 11 microns. 

13. The method of claim 10, further comprising collecting 
the alloy, compound, or shelled nanoparticles using a collec 
tion module. 

14. The method of claim 13, wherein said collecting further 
includes collecting the alloy, compound, or shelled nanopar 
ticles using an electric field. 

15. A method for producing nanostructured films, the 
method comprising: 

generating an aerosol gas of microparticles of a first mate 
rial and an aerosol gas of microparticles of a second 
material; 

performing an ablation on a laminar flow of the aerosol gas 
of microparticles of the first material and a laminar flow 
of the aerosol gas of microparticles of the second mate 
rial to become a laminar flow of an aerosol gas of nano 
particles of the first material and a laminar flow of an 
aerosol gas of nanoparticles of the second material, 
respectively; and 

Oct. 15, 2009 

depositing the nanoparticles of the first and second mate 
rials that are separated by laminar flows on a Substrate in 
separate flows to produce a composite nanoparticle film 
of the first and second materials. 

16. The method of claim 15, wherein said performing an 
ablation comprises performing an ablation via an energy 
beam. 

17. The method of claim 15, wherein the energy beam is a 
laser beam having wavelengths in a range between 0.15 and 
11 microns. 

18. The method of claim 15, wherein said depositing fur 
ther includes depositing the nanoparticles of the first material 
on top of the nanoparticles of the second material. 

19. The method of claim 15, wherein said depositing fur 
ther includes depositing the nanoparticles of the first material 
in parallel with the nanoparticles of the second material. 

20. The method of claim 15, wherein said depositing fur 
ther includes combining the two laminar flows of nanopar 
ticles of the first and second materials into one laminar flow 
before said depositing the nanoparticles on a Substrate to 
produce a composite nanoparticle film of the first and second 
materials. 

21. An apparatus, comprising: 
a Substrate; and 
a layer of a composite material formed on the Substrate, the 

composite material including nanoparticles of a first 
material nucleated by nanoparticles of a second mate 
rial. 

22. The apparatus of claim 21, wherein the first material 
and second material are each selected from group consisting 
of silica, alumina, an alloy, an inorganic material, an organic 
material, a metal, an oxide, and a sulfide. 

23. The apparatus of claim 21, wherein the composite 
material comprises one or more lines of the composite mate 
rial. 

24. An apparatus, comprising: 
an ablation chamber configured to produce nanoparticles 

of a first material nucleated by nanoparticles of a second 
material; and 

a deposition module including: 
a line to receive the nanoparticles of the first material 

nucleated by nanoparticles of the second material; 
an impaction Substrate; and 
a SuperSonic jet to direct the nanoparticles of the first 

material nucleated by nanoparticles of the second 
material to the impaction Substrate. 

25. The apparatus of claim 24, wherein the supersonic jet is 
configured to SuperSonically impact the nanoparticles of the 
first material nucleated by the nanoparticles of the second 
material onto the impaction Substrate. 

26. The apparatus of claim 24, wherein the impaction sub 
strate is configured to mounta deposition Substrate thereonto 
deposit the first material nucleated by nanoparticles of the 
second material onto the deposition Substrate. 

27. The apparatus of claim 24, wherein a selected one or 
more of the impaction Substrate and the SuperSonic jet is 
configured to move in one or more directions relative to each 
other. 

28. The method of claim 10, wherein said passing the 
aerosol gas of the microparticle mixture through an energy 
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beam to produce alloy, compound, or shelled nanoparticles of the alloy, compound or shelled nanoparticles of the two dif 
the two different materials further comprises controlling ferent materials. 
either an ablation condition or a rate of cooling of the nano 
particles of the first and second materials, or both, to produce ck 


