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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to the
field of maskless direct write deposition of materials, in-
cluding but not limited to mesoscale electronic structures,
using aerodynamic focusing of an aerosolized fluid or
particle suspension onto heat-sensitive targets, wherein
laser radiation is preferably used to process the deposit
to its final state.

Background Art:

[0002] Note that the following discussion refers to a
number of publications and references. Discussion of
such publications herein is given for more complete back-
ground of the scientific principles and is not to be con-
strued as an admission that such publications are prior
art for patentability determination purposes.
[0003] Various techniques can be used for deposition
of electronic materials, however thick film and thin film
processing are the two dominant methods used to pattern
microelectronic circuits. Thick film and thin film processes
for the deposition of electronic structures are well devel-
oped, but have limitations due to the high processing
temperatures required, or due to the need for expensive
masks and vacuum chambers. Thick film processes typ-
ically require processing temperatures ranging from ap-
proximately 500 to 1000 °C. Thin film techniques use
processing temperatures ranging from approximately
400 to 3000 °C, depending on the type of process and
the material deposited. Due to inherent high processing
temperatures, thick film and thin film techniques are gen-
erally limited to deposition onto ceramic, glass, silicon,
and other targets having a damage threshold tempera-
ture above approximately 400 °C.
[0004] Recently, techniques requiring processing tem-
peratures below 200 °C have been developed for depo-
sition of electronic structures on inexpensive plastic tar-
gets. One such process for fabrication of transistors on
plastic targets is disclosed in U. S. Patent No. 5, 817,
550, which uses a pulsed laser processing technique to
produce temperatures required for material processing.
The laser pulse duration lasts for short periods, limiting
the sustained temperature of the target to below 250 °C.
[0005] Another such process for fabricating transistors
on plastic targets is disclosed in U. S. Patent No. 6, 642,
085, which uses a pulsed laser processing technique
similar to that described in U. S. Patent No. 5, 817, 550,
but is capable of limiting the sustained target temperature
to below 120 °C.
[0006] A thin film process used to form ceramic met-
allo-organic thin films is disclosed in U. S. Patent No. 5,
064, 684. This process casts a liquid metallo-organic ce-
ramic precursor solution to form a layer on a target. The
deposit is heated to a low temperature to create an amor-
phous layer. The process then heats a selected area to

a high temperature using localized heating, creating a
patterned area of polycrystalline ceramic having electro-
optic properties. In U. S. Patent No. 6, 036, 889, Kydd
uses a mixture of metal powders and metallo-organic de-
composition compounds in an organic liquid vehicle to
form thick films. The compound is applied to a target us-
ing a deposition process such as silk screening, in which
bonding is complete at temperatures of less than 450 °C.
[0007] In U. S. Patent No. 6, 379, 745, Kydd, et al.
teach a composition having a metal powder or powders
of specified characteristics in a Reactive Organic Medium
(ROM) that can be deposited to produce patterns of elec-
trical conductors on temperature-sensitive electronic tar-
gets. The patterns can be thermally cured in seconds to
form pure metal conductors at a temperature low enough
to avoid target damage.
[0008] US 2003/048314 A recites methods and appa-
ratus for the deposition of a source material are disclosed.
An atomizer renders a supply of source material into
many discrete particles. A force applicator propels the
particles in continuous, parallel streams of discrete par-
ticles. A collimator controls the direction of flight of the
particles in the stream prior to their deposition on a sub-
strate. In an alternative embodiment of the invention, the
viscosity of the particles may be controlled to enable com-
plex depositions of non-conformal or three-dimensional
surfaces. The invention also includes a wide variety of
substrate treatments which may occur before, during or
after deposition. In yet another embodiment of the inven-
tion, a virtual or cascade impactor may be employed to
remove selected particles from the deposition stream.
[0009] US 6,025,037 A recites a sol-gel coating of con-
ductive materials, such as ITO, which is applied to a sub-
strate, for example a display window of a cathode ray
tube, is cured by means of a laser. This is preferably
carried out in a water-containing atmosphere, for exam-
ple an aqueous aerosol and/or a hydrogen-containing
gas, such as a forming gas. This results in a stable re-
sistance reduction by several hundred times.
[0010] In contrast with conventional methods for dep-
osition of electronic materials, the M3D™ process, de-
scribed in, for example, U. S. Patent Publication Nos.
2003/0048314 and 2003/0228124, which are commonly
owned with the present application, is a direct printing
technique that does not require the use of vacuum cham-
bers, masks, or extensive post-deposition processing.
The M3D™-process may be used to deposit a variety of
materials with little or no material waste, and has also
been used to deposit materials which do not require high
temperature processing on low temperature substrates.
In order to facilitate this, various low temperature ink sys-
tems have been developed.
[0011] These inks are typically either precursor-based,
nanoparticle-based, or they can be combinations of the
two. Metal-organic precursor chemistries have a specific
advantage in that the precursors can decompose to pure
metal at very low temperatures, 150-250 °C range. Be-
cause of this the inks can be deposited on many plastics
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and then heated to decompose to metal. The drawback
is that the metal yield of precursor inks is typically low
and is in the 1-10% range. The low yield reduces the
overall deposition rates.
[0012] Metal nanoparticles also have drastically re-
duced treatment temperatures. Because of their high sur-
face energy, nanoparticles will melt at temperatures hun-
dreds of degrees lower than micron-sized particles. Na-
noparticle inks in particular have been shown to sinter in
the 150-250 °C range. The metal yield of nanoparticle
inks can be in the 10-50% range, which leads to highly
efficient deposition. For example, the M3D™ process has
been used to deposit and laser process silver (at 150 °C)
on an FR4 substrate, which has a damage threshold of
less than 200 °C, with no damage to the substrate.
[0013] While considerable progress has been made in
low-temperature ink development, the sintering temper-
atures are still significantly higher than the softening tem-
perature of many common plastics. For example PMMA
softens at around 100 °C and most nanoparticle and pre-
cursor inks will not become conductive or ductile at this
temperature. In addition, it is difficult if not impossible to
avoid thermal damage to a target if the processing tem-
perature of the deposited material exceeds the damage
threshold of the target. The types of damage possible
when polymer targets are subjected to excessive heat
are warping, vaporization of volatile components, oxida-
tion, decomposition, burning, softening, and melting.
Glasses may undergo crystallization and melting, and
metals may undergo oxidation, recrystallization, grain
growth, reversed hardening, and melting, when subject-
ed to excessive heat. Ceramics. may also undergo ther-
mal damage in the form of unfavorable phase changes
that may lead to cracking or loss of material or electrical
properties, vaporization of volatile components, and ox-
idation (for ceramics that are not oxides). For example,
densification on low temperature substrates has only
been achievable for materials that can be densified at
temperatures below the damage threshold of the sub-
strate.
[0014] Thus there is a need for an apparatus and meth-
od to deposit and process materials at a nearby or higher
temperature than the damage threshold of the target or
substrate.

SUMMARY OF THE INVENTION (DISCLOSURE OF 
THE INVENTION)

[0015] The present invention is a method for depositing
a material on a target according to current claim 1. The
electrical property preferably comprises resistivity and
the target is optionally nonplanar. The damage threshold
is preferably less than 200 °C. The aerosol stream pref-
erably comprises one or more materials selected from
the groups consisting of liquid molecular chemical pre-
cursors and colloidal or particle suspensions. The aero-
sol stream preferably further comprises one or more ma-
terials generated from the groups comprising a metallo-

organic precursor, a metallo-organic precursor; a colloi-
dal metal solution; a metal paste; a metal nanoparticle
suspension; a ceramic precursor; a ceramic paste; a re-
sistor precursor solution; a resistor paste; an inorganic
semiconductor suspension; a polymeric precursor solu-
tion; a colloidal suspension of metal, dielectric, or resistor
particles; and any combination thereof. The aerosol
stream preferably comprises droplets or particles having
a diameter of less than approximately 10 micrometres
(microns). The generating step preferably comprises, us-
ing ultrasonic transduction or pneumatic aerosolization.
The aerosol jet preferably comprises an annular flow,
preferably an inner aerosol-laden flow surrounded by a
sheath gas flow that confines the inner aerosol-laden
flow. The annular flow preferably focuses the aerosol
stream to mesoscale dimensions. The deposited feature
size is preferably greater than or equal to approximately
four micrometres (microns). The feature size of the de-
posit after laser processing is preferably at least approx-
imately one micrometre (micron). The depositing step
preferably comprises providing relative motion of the tar-
get and the aerosol stream. The method preferably fur-
ther comprises the step of pre-processing the aerosol
stream prior to the depositing step. The pre-processing
step preferably comprises a process selected from the
group consisting of humidifying the aerosol stream, dry-
ing the aerosol stream, cooling the aerosol stream, in-
creasing the vapor content of a constituent of the aerosol
stream, and increasing the vapor content of a second
material that is not a constituent of the aerosol stream.
[0016] The method of the present invention preferably
further comprises the step of post-processing the deposit
prior to the processing step. The post-processing step
preferably comprises an action selected from the group
consisting of thermal heating, reducing the ambient pres-
sure, irradiating with electromagnetic radiation, and com-
binations thereof. The deposit optionally comprises a
width that is approximately equal to a diameter of a beam
from the laser or is greater than a diameter of a beam
from the laser. The deposition step and the processing
step are preferably performed simultaneously.
[0017] The processing step preferably comprises at
least one process selected from the group consisting of
chemical decomposition, polymerization, sintering, and
melting. The target preferably comprises a material se-
lected from the group consisting of polycarbonate, poly-
ethylene terephthalate, polymethyl methacrylate, poly-
tetrafluoroethylene, polyester, and various epoxies. The
laser preferably comprises a diode laser. The laser power
is preferably approximately 10 milliwatts. The laser pref-
erably comprises a continuous wave mode or a pulsed
wave mode. The energy of the pulsed wave mode is pref-
erably several microjoules. The processing step prefer-
ably comprises delivering a laser beam to the target using
either or both of a system of lenses and mirrors and an
optical fiber. The laser beam is optionally delivered to the
target apart from the aerosol stream, thereby resulting in
serial process deposition and laser processing.
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[0018] An object of the present invention is to provide
a maskless non-contact process for deposition of a mes-
oscale structure onto a heat-sensitive target or substrate.
Another object of the present invention is to provide a
process for depositing a mesoscale structure onto a heat-
sensitive target using an aerosol jet to focus and deposit
an aerosol stream in a predetermined pattern.
[0019] It is further an object of the present invention to
provide a laser processing treatment of a deposited ma-
terial to achieve physical and/or electrical properties near
that of a bulk material.
[0020] An advantage of the present invention is that it
may be used to deposit materials including but not limited
to conductors, semiconductors, insulators, and resistive
and inductive structures.
[0021] Another advantage of the present invention is
that low damage threshold target materials may be de-
posited on, including but not limited to plastics, ceramics,
epoxies, and biological tissue.
[0022] A further advantage of the present invention is
that the desired structure may be deposited onto a planar
or non-planar target.
[0023] Other objects, advantages and novel features,
and further scope of applicability of the present invention
will be set forth in part in the detailed description to follow,
taken in conjunction with the accompanying drawings,
and in part will become apparent to those skilled in the
art upon examination of the following, or may be learned
by practice of the invention. The objects and advantages
of the invention may be realized and attained by means
of the instrumentalities and combinations particularly
pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Figure 1 is a drawing of the main components of the
M3D™ system, shown with a pneumatic aerosolizer;
Figure 2 is a drawing of the M3D™ deposition mod-
ule;
Figure 3 is a flowchart showing the steps used in
conventional flex circuit fabrication and those used
in the M3D™ process for the same application;
Figure 4 is a micrograph of an inductor fabricated
using the M3D™ process;
Figure 5 shows an inductance curve;
Figure 6 is a micrograph of the intersection of a ther-
mocouple junction and the lead wires;
Figure 7 shows a calibration curve for an M3D™ fab-
ricated thermocouple;
Figures 8a and 8b are micrographs of sintered silver
lines on polycarbonate; and
Figure 9 is a micrograph of laser treated silver inter-
connects on a PMMA substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] The present invention provides a method for
maskless, non-contact direct printing of mesoscale struc-
tures of various materials onto heat-sensitive targets.
Material deposition is preferably accomplished using the
M3D™aerosol-jetting device, which utilizes an aero-
solized stream delivered to the target via an annularly
flowing aerosol jet. The method preferably uses low-pow-
er laser radiation to heat the aerosol-jetted material to its
final state. Combining the M3D™ process with laser
processing extends the utilization of the technique to tem-
perature sensitive applications, in which the temperature
required to treat the deposited material approaches or
exceeds the thermal damage threshold of the target. The
process is capable of precise, selective deposition with
little or no material waste. A positional accuracy of ap-
proximately 1 micron is achievable with laser processing
and a subsequent material removal process, such as
etching or rinsing, with a tool-to-target standoff distance
of as much as approximately five millimeters.
[0026] As used throughout the specification and
claims, heat-sensitive process means any process in
which the temperature required to process the deposited
material, i. e. drive it to its desired state, approaches or
exceeds the damage threshold of the target, wherein the
target is not globally heated above its damage threshold.
Typically, such targets have a low damage threshold. A
heat-sensitive process may have a wide range of tem-
peratures.

Fundamental Description of Laser Processing on Heat-
sensitive Materials

[0027] Laser processing of M3D™-deposited struc-
tures preferably combines highly localized aerodynamic
deposition of material with a highly localized energy
source providing the ability to focus laser radiation to a
diameter that is approximately the same as the width of
the deposited line, to engineer material formulations to
be highly absorbing at the laser wavelength, to deposit
nanoparticle suspensions, and to deliver laser energy in
short pulses or by rapidly scanning over a deposit ena-
bles processing of various materials onto heat-sensitive
targets with little or no damage to the target.
[0028] The present invention is capable of depositing
materials at room temperature. Many of these materials
can cure at room temperature. One advantage offered
by the invention is the ability to lay down materials in
patterns in the mesoscale range (from 1 to 1000 mi-
crometres (microns)). If the material needs a thermal post
treatment, the deposition can be followed with a laser
treatment. The laser beam provides a highly localized
thermal and photonic treatment of the material. The laser
beam is capable of treating only the deposited material
after deposition without affecting the underlying sub-
strate.
[0029] Unlike some other previous deposition devices,
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the present invention allows for a variety of substrate
treatments during the deposition process. Alternative
embodiments of the invention include capabilities for
heating the substrate by laser illumination or by increas-
ing the ambient temperature.
[0030] The substrate may also be cooled during dep-
osition by reducing ambient temperature. Other alterna-
tive treatment steps may include photoactivation with a
laser, irradiation with infrared light, or illumination with an
arc lamp. Another substrate treatment comprises a wash-
ing or rinsing process.
[0031] Typical thick film techniques deposit materials
that must be fired well above 400 °C, limiting the process
to high-temperature substrates. However, the present in-
vention is capable of depositing materials onto heat-sen-
sitive substrates, and then using thermal or laser
processing to obtain the desired properties by virtue of
the initial precursor chemistry or localized laser heating.
Specifically, the present invention can deposit electronic
materials onto low-cost polymer substrates that cannot
withstand high-temperature oven fires.
[0032] Once the materials are deposited, they are op-
tionally post-treated to produce desired electrical and
mechanical properties. This can be done either thermally
or by a laser processing step depending upon the dep-
osition material and substrate combination being used.
The present invention comprises a maskless deposition
process that fills a niche in the mesoscale regime be-
tween thick and thin film. The invention is capable of de-
positing multiple materials into fine geometries on both
planar and curved substrates. The materials can be com-
mercial pastes or custom, low-fire inks. Laser processing
allows the materials to be densified on heat-sensitive pol-
ymers.
[0033] The present invention may be applied to a wide
range of applications. The ability to deposit fine lines over
curved and stepped surface suggests applications in writ-
ing interconnect wires between IC chips and PWB. The
ability to deposit multiple materials lends to applications
in multilayer components as well as to encapsulating
components once they are built. The ability to fire mate-
rials on heat-sensitive substrate allows discrete compo-
nents to be directly written on polymers. These features
add up to a tremendous new capability and resource for
electronics manufacturers.

Deposition Technique using the M3D™ Apparatus

[0034] The deposition technique used in the present
invention is called Maskless Mesoscale Material Depo-
sition (M3D™). The technique uses an annularly flowing
aerosol jet to deposit features as small as approximately
4 micrometres (microns). The jet consists of an inner aer-
osol-laden flow surrounded by a sheath gas flow that
confines and focuses the inner flow. The two flows may
also consist of fluids. Focusing of the aerosol stream to
one-tenth of the exit orifice diameter has been demon-
strated at distances of up to approximately five millime-

ters from the orifice. The orifice diameter preferably rang-
es from 100- 500 micrometres (microns). While aerosoli-
zation can be accomplished using several methods, in
the most general embodiment, the aerosol stream is pref-
erably formed by aerosolizing a sample using an ultra-
sonic transducer and/or pneumatic nebulizer 22, as
shown in Figure 1. The aerosol stream is preferably com-
prised of a liquid molecular chemical precursor and/or
colloidal or particle or nanoparticle suspension. These
preferably further comprise a metallo-organic precursor;
a colloidal metal solution; a metal paste; a ceramic pre-
cursor; a ceramic paste; a resistor precursor solution; a
resistor paste; an inorganic semiconductor suspension;
a polymeric precursor solution; a colloidal suspension of
metal, dielectric, or resistor particles, or the like, or any
combination thereof.
[0035] Virtually any material suitable for laser heating
(i. e., will not be destroyed by the process) can be em-
ployed as a feedstock in the practice of the present in-
vention, depending on the intended application. Without
limiting the invention, dielectric materials such as barium
titanate or silicon dioxide, resistive materials such as a
ruthenates, metal dielectric composites such as sil-
ver+barium titanate, conductive materials such as silver,
copper, or gold, semiconducting materials such as sili-
con, germanium, or gallium nitride, magnetic materials
such as MnZn and FeZn, ceramics such as alumina or
zirconium diboride, and cermets may all be deposited.
The precursor solvent or suspending fluid used is pref-
erably chosen based on its compatibility with the target
material.
[0036] The M3D™ apparatus preferably comprises an
upper module for aerosolizing liquid chemical precursors
or colloidal or particle suspensions, a deposition module
for directing, focusing, and depositing the resulting aer-
osol, laser module 10 for delivering and focusing laser
radiation, and a control module for monitoring and con-
trolling the process parameters. The M3D™ deposition
module, detailed in Figure 2, preferably consists of virtual
impactor 24, flowhead 12, and material shutter assembly
26 with mechanical shutter 28. When pneumatic atomi-
zation is used, the aerosol stream preferably is proc-
essed by virtual impactor 24, which reduces the volume
of gas in which the aerosol is entrained. In the case of
ultrasonic atomization, the aerosol-laden carrier gas
preferably bypasses virtual impactor 24, and enters flow-
head 12 immediately after the aerosolization process.
The carrier gas preferably comprises either or both of a
compressed air or an inert gas, and can comprise a sol-
vent vapor. A flow controller preferably monitors and con-
trols the mass throughput of the aerosolized stream.
[0037] The aerosolized stream preferably enters flow-
head 12 via aerosol inlet 20 in heater assembly 16 mount-
ed on the apparatus, and is preferably collimated as it
flows through an orifice centered on the longitudinal axis
of flowhead 12. Heater assembly 16 is preferably used
to heat the aerosolized material to remove solvent or to
modify the viscosity of the sample. The aerosol stream
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emerges with droplets and/or particles and is preferably
entrained and surrounded by a sheath gas.
[0038] The sheath gas comprises either or both of a
compressed air or an inert gas, and can optionally com-
prise solvent vapor content or a fluid. The sheath gas
enters through sheath air inlet 18, preferably located on
heater assembly 16 below the aerosol inlet 20, and then
enters the lower portion of flowhead 12, preferably
through multiple internal ports, forming an annular flow
surrounding the aerosol stream. The two streams exit
the chamber through a second orifice directed at the tar-
get.
[0039] The sheath gas forms a boundary layer that pre-
vents particles from depositing onto the orifice wall.
[0040] The annular flow exits flowhead 12 through a
nozzle directed at the target. This annular configuration
is capable of focusing the aerosol stream to approximate-
ly one-fifth to one-tenth the size of the orifice diameter,
enabling deposition of features on the target with dimen-
sions as small as approximately 4 micrometres (mi-
crons). The standoff distance between the system’s flow-
head and the target is typically 3 to 5 mm, enabling dep-
osition onto non-planar surfaces. Patterns are preferably
written by translating a computer-controlled target platen,
located under stationary flowhead 12, using a CAD-
based Virtual Masking (VMTool™) software application.
Alternatively, flowhead 12 may be translated under com-
puter control while maintaining the target in a fixed posi-
tion, or both flowhead 12 and the target may be moved
simultaneously. Software, such as VMTool™, preferably
defines a toolpath for printing the desired circuit or ele-
ment.

Material Processing Method

[0041] In the preferred embodiment of the present in-
vention, the deposited material is processed with at least
one laser. According to the present invention, deposited
material may be processed at a higher temperature than
the damage threshold of the target to drive the deposit
to the desired state in order achieve electrical properties
near that of the bulk material, preferably with little or no
physical, chemical, optical changes, or other damage to
the underlying target. The processing may comprise
chemical decomposition, polymerization, sintering, melt-
ing, or the like.
[0042] Target materials may comprise any material
with a low damage threshold temperature, including but
are not limited to polymers, glasses, metals, various
epoxies, and ceramics, more specifically such materials
as polycarbonate, polyethylene terephthalate (PET),
polymethyl methacrylate (PMMA), polytetrafluoroethyl-
ene (Teflon®), and polyester.
[0043] In the practice of the present invention, by using
the proper laser parameters the target may be locally
heated above its damage threshold without impact its
global properties. Further, in many cases this local heat-
ing improves adhesion of the deposited material to the

target. Unlike existing methods, the present invention
provides for processing a deposit at temperatures of up
to approx. 50 °C or more higher than the damage thresh-
old of the target. With the laser treatment of the present
invention, sintering inks on low-melting-temperature
plastics is possible. The size of the deposit is in the mes-
oscale range, and can vary from several micrometres
(microns) to approximately 1 millimeter, bridging the gap
between thin film and thick film processes.
[0044] In order to lower the laser power required to
process the deposited material to the desired state,
thereby decreasing thermal damage to the target, the
aerosol stream may optionally be preprocessed prior to
deposition, most commonly before introduction of the
aerosol into the flowhead. The pre-processing step may
comprise processes including but not limited to increas-
ing the solvent or suspending medium vapor content, par-
tially decomposing, humidifying, drying, heating, or cool-
ing of the aerosol, carrier gas, and/or sheath gas. The
target is optionally conditioned by heating before depo-
sition, preferably via a heater, infrared lamp, or high pow-
er diode laser. The deposited pattern may also optionally
be post-processed prior to the laser treatment. Post-
processing optionally comprises thermally heating the
deposit in an ambient or reduced pressure environment,
irradiating the deposit with electromagnetic radiation, or
a combination thereof. These optional steps processing
are preferably performed to remove solvent or other re-
sidual volatile constituents of the precursor solvent or the
particle suspending fluid. When drying is required, it is
preferably performed in a manner such that the deposit
retains some of its fluid properties, so that wetting and
coalescence of the aerosol droplets into a continuous
structure is accomplished. In this manner, the amount of
laser energy required for heating and vaporization of the
solvent is reduced. Alternatively, deposition and process-
ing of the aerosol stream may optionally be performed
simultaneously.
[0045] The type of processing laser used may vary,
and is dependent on the optical and thermal properties
of the deposit and the target. The laser power may be as
small as approximately 10 milliwatts, enabling the use of
an inexpensive diode laser. The laser may comprise a
continuous wave mode or a pulsed wave mode. The
pulsed wave mode optionally comprises an energy as
low as several microjoules. The laser beam is preferably
delivered to the target using a series of mirrors and lenses
that collimate and route the beam to a focusing lens. The
beam may optionally be delivered using fiber optics,
wherein the laser beam is launched into an appropriate
optical fiber and delivered through the fiber to the focus-
ing lens. The laser radiation is preferably to a spot size
of less than one micron. Modification of the laser beam
profile facilitates material processing on heat- sensitive
targets. The laser beam is preferably expanded and col-
limated before being truncated and focused onto the tar-
get. The expansion of the beam is performed to decrease
the focused spot size, and to aid in truncation. Truncation
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of the beam minimizes the inherent Gaussian variation
in laser power across the beam profile. The truncation
step allows for more uniform heating of the deposited line
in the direction perpendicular to the target motion, and
aids in the reduction of target damage at the boundaries
of the deposit.
[0046] The wavelength of the laser is preferably cho-
sen so that laser radiation is absorbed by the deposit but
not by the target. That is, ideally the deposit is highly
absorptive and the target is highly transmissive, that is,
transparent or nearly transparent, at the wavelength of
the laser. In this embodiment, the material may be sin-
tered, decomposed, or otherwise processed, and most
of the heat delivered to the target is the heat conducted
through the deposit/target interface. In another embodi-
ment, the target material is highly absorbing at the laser
wavelength, and the deposit is weakly absorbing. In this
case, the deposit is heated through conduction of thermal
energy from the target/deposit boundary. The former
case is ideal for laser processing of heat-sensitive tar-
gets. In normal applications, absorption of the laser ra-
diation by both the target and the deposit occurs. The
laser may optionally be delivered to the target via the
flowhead. The laser energy may alternatively be deliv-
ered to the target at a location that is different from the
location of the flowhead, so that a serial process is used
for deposition and laser processing. In an alternate em-
bodiment, deposition and laser processing-are per-
formed simultaneously in order to deposit structures with
a thickness greater than several microns, or in order to
build three-dimensional structures with heights ranging
from several micrometres (microns) to several millime-
ters. Simultaneous deposition and laser processing may
also be used to form vias between target layers. In the
case of simultaneous deposition and laser processing,
the laser is preferably directed along the flowhead axis,
emerges from the flowhead orifice, and heats the aerosol
during flight and after deposition onto the target.
[0047] In an alternative embodiment, the laser radia-
tion can optionally be delivered parallel to the target sur-
face, so that in-flight processing of the aerosol is enabled
without the laser heating the target. The aerosol particles
can be rendered partially or wholly depositable, or op-
tionally melted, in flight by exposure to a laser of sufficient
intensity for a sufficient period of time. Exposure time
may be increased by slowing feedstock velocity and/or
increasing the area of laser through which the feedstock
passes. In some instances it may be desirable to use a
plurality of laser beams having a common area of inter-
section. Sufficient energy is preferably imparted to the
feedstock in-flight to render the feedstock depositable
and promote adhesion to the substrate without causing
significant interfacial damage of the substrate or depos-
ited feedstock, that is, while only providing sufficient pe-
ripheral heating of the substrate to facilitate adhesion
without a significant level of surface modification. This
embodiment preferably reduces or eliminates the need
to create a molten puddle on the target surface. This

broadens the range of materials that can be used as dep-
osition substrates.
[0048] Melting the particles prior to deposition accord-
ing to this embodiment reduces residual stress contained
within the fabricated structures, enabling a broader range
of materials to be deposited onto dissimilar materials. In
addition, the impacting characteristics of the depositable
particle will behave similarly to thermal spray processes
in which shrinkage of the substrate surface is counter-
acted by outward force due to the particle droplet spread-
ing on impact.
[0049] The deposited pattern or structure preferably
comprises a desired width that is approximately the same
as the diameter of the laser beam so that direct irradiation
of the target is limited or completely eliminated. In this
case, if more material than the desired width has been
deposited, after laser processing excess unprocessed
deposit material can be removed by a process such as
etching or rinsing. The desired width of the deposit may
alternatively be greater than the diameter of the laser
beam. For example, the present invention may be used
to deposit a film of material with dimensions greater than
the diameter of the laser beam. In this case, the laser
beam is rastered, or scanned back and forth, over the
desired area of the deposit to pattern a specific structure,
and the unprocessed material is removed from the target.
In either case, some shrinking of the deposit may occur,
for example during the processes of chemical decompo-
sition or sintering. However, the final dimensions of the
deposit are mostly determined by the deposition mass
flux, the target speed, and the fluid properties of the de-
posited material.

M3DT™ Application Examples (none of the Examples 
are according to the invention as claimed)

Example 1: Laser Processing of Molecular Chemical Pre-
cursors

[0050] In the case of liquid precursor-based materials,
laser treatment is used to raise the temperature of the
deposit to its decomposition or curing temperature. In
this process, a chemical decomposition or cross-linking
takes place due to the input of laser energy, such that
the precursor changes its molecular state. The change
in molecular state results in the conversion of the precur-
sor material to the desired material. Typically, the de-
composition process also entails emission of gaseous
byproducts. Laser processing of precursor deposits on
various targets is possible without incurring damage to
the target.

Example 2: Laser Sintering of Particle Suspensions and 
Commercial Pastes and Inks

[0051] Laser sintering of particle suspensions on heat-
sensitive targets is also possible with the present inven-
tion. In the sintering process, a solid, bonded mass is
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created without melting individual particles. The M3DT™
process is capable of selective sintering of a two-com-
ponent paste consisting of low and high-melting temper-
ature particles such as low-melting point glass and metal,
dielectric, resistive, or ferromagnetic materials.
[0052] Laser processing may be used to sinter com-
mercial resistor and conductor pastes, and may also be
used to sinter pastes for other electronic materials such
as dielectrics and ferromagnetics. In the M3DT™ depo-
sition process, commercial pastes-which typically have
viscosities of 100, 000 centipoise or greater-are prefer-
ably diluted in a suitable solvent and pneumatically aer-
osolized for deposition. Laser sintering of M3DT™ -de-
posited commercial inks can also be accomplished on
plastic and other heat-sensitive targets with damage
thresholds of approximately 100 °C. The commercial inks
that may be processed using the M3DT™ method and
laser sintering typically consist of suspensions with par-
ticle diameters ranging from hundreds of nanometers to
several microns. The inks may include, but are not limited
to, conductive, resistive, and dielectrics formulations.

Example 3: Laser Sintering of M3DT™-Deposited Nan-
oparticle Inks

[0053] Laser sintering of M3DT™ -deposited nanopar-
ticle inks has also been used to form metal lines on heat-
sensitive targets. The laser-sintered nanoparticle depos-
its preferably exhibit resistivities near that of the bulk met-
al. Laser sintering of M3D™-deposited nanoparticles to
near bulk resistivities can be accomplished with 100 mW
or less of visible or ultraviolet laser radiation. Infrared
laser radiation may also be used for laser sintering of
nanoparticles, given that the absorption of the ink is tai-
lored to the wavelength of the laser.
[0054] The nanoparticle ink is preferably deposited in
a fluid form, so that particle suspension is maintained,
and the laser is then preferably scanned over the deposit
to sinter individual particles. Simultaneous deposition
and sintering of the nanoparticle ink may be performed
to deposit lines with greater thickness than lines depos-
ited using a serial deposition and decomposition process.
Simultaneous deposition and sintering of the nanoparti-
cle ink can also be used to form three-dimensional micro-
structures on heat-sensitive targets.

Example 4: TFT Fabrication on Plastics and Glass

[0055] In one embodiment, the present invention has
been used to fabricate thin film transistors on plastic tar-
gets, with damage thresholds of approximately 100 to
150 °C. Specifically, the invention can be used for solu-
tion-based fabrication of organic thin film transistors (OT-
FT’s) on flexible targets such as PET (polyethylene
terephthalate), PEN, polycarbonate, polyetheretherke-
tone (PEEK), and polyester. The application of the
M3DT™ process to fabricate OTFT’s can also be extend-
ed to glass targets. The process can deposit and process

the organic semiconductor as well as the metallization
required for OTFT fabrication. The present invention can
also be used to deposit the source and drain electrodes,
the gate electrode, and the gate insulator. Channel
lengths as small as approximately 4 microns can be
formed. The ratio of the channel width to channel length
is preferably held to 10 or greater, to reduce the occur-
rence of fringe effects. Other configurations include an
indium-tin oxide (ITO) gate and a polyimide insulation
layer. Metals that can be deposited for OTFT electrode
fabrication with near bulk resistivities include but are not
limited to palladium, gold, and alloys thereof.
[0056] In each case, the conductor or semiconductor
material is deposited using the M3DT™ flowhead and
then processed to the desired state using laser treatment
or thermal heating. The invention can be used to perform
solution-based deposition of an organic semiconducting
material, such as a pentacene precursor, which can be
processed to form the semiconducting medium of the
transistor.
[0057] Furthermore, the M3DT™ process can be used
to fabricate both the OTFT backplanes and the required
electrical interconnects for glass and plastic displays.
One common technique for fabrication of interconnects
on plastics uses conductive polymers, which have resis-
tivities as high as at least several thousand times that of
bulk metal. The M3D™ process contrastingly is capable
of depositing on plastic targets five to ten-micron wide
silver interconnect lines having resistivities approximat-
ing that of the bulk metal.
[0058] The present invention can also be used to fab-
ricate inorganic thin film transistors on various targets
using an amorphous silicon ink and laser post-deposition
processing.

Example 5: Flat Panel Display Repair

[0059] The present invention can be used to repair de-
fects in glass and plastic flat panel display (FPD) circuitry.
During FPD fabrication, shipping, or handling, electrical
opens may occur on metal structures that form intercon-
nect lines, bus lines, or any conductive pathway that
routes signals to the display circuitry. Using the M3DT™
process, gaps in conductive traces may be repaired by
depositing a metal precursor, a metal nanoparticle ink,
or the like, or a combination thereof, forming an electrical
interconnect between the open circuit. The deposited
material is then decomposed or sintered to its final state
using a local or global heating process that can include,
but is not limited to, irradiation of the deposit with laser
radiation, irradiation with divergent or focused non-laser
radiation, or heating the deposit in a furnace. The tech-
nique of repairing metal structures in FPD circuitry is sig-
nificantly different from depositing metal structures on
blank targets. Specifically, in the FPD repair application,
care must be taken to deposit and process the material
so that insufficient material deposition, cracking, or poor
adhesion does not occur at the junction of the deposited
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structure and the end of the pre-existing line. Insufficient
material deposition may occur if the viscosity of the de-
posited material is too low, so that material flows onto
the target, and does not deposit to a sufficient height at
the defect site. Cracking and poor adhesion may occur
if excess material is applied to the defect site, particularly
at the junction of the newly deposited structure and the
end of the open line. However, the M3D™processing pa-
rameters may be adjusted to deposit the correct thick-
ness of material to allow for material deposition and
processing without cracking or poor adhesion.
[0060] Processing of material in the form of precursor
inks, nanoparticle deposits, or combinations of the two,
with good adhesion to glass and plastic targets, can be
accomplished with less than approximately 100 mW of
laser power. Inexpensive diode laser systems can there-
fore be used to process materials for FPD repair on glass
or plastic. The deposited material may include, but is not
limited to, silver, gold, copper, and indium-tin oxide, with
linewidths as small as approximately 5 micrometres (mi-
crons).

Example 6: Flex Circuit Fabrication

[0061] The miniaturization and mobilization of many
electronic devices has led to an increased transition from
circuits printed on rigid targets to those printed on flexible
targets. Flexible targets can be used for three-dimension-
al packaging and may considerably reduce the size and
weight of a given device. Flex circuits also enable the
production of a more robust device, since the magnitude
of the vibrations and shocks that may damage rigid tar-
gets have a far lesser effect on circuits printed on flexible
targets. This reduction in size and increase in robustness
afforded by flex circuitry allows for the production of port-
able consumer and medical devices such as cameras,
camcorders, cell phone, computers, hearing aids, pace-
makers, and ambulance and operating room display
equipment.
[0062] Presently, the most common method for fabri-
cation of flex circuits entails a multi-step photolithograph-
ic process, and includes lamination of a metal foil to the
target, deposition of a resist, exposure of the resist
through a mask, development, etching, and resist remov-
al. These processes are time-consuming, and fabrication
of the mask can be expensive. The process also gener-
ates waste, since only part of the original metal film is
used in the circuit. The M3D™ process, on the other hand,
proposes the use of a maskless, one-step deposition
process for fabrication of flex circuitry.
[0063] The present invention is a direct, additive proc-
ess, and therefore eliminates the need for lamination,
photo processing, chemical etching, and the associated
material waste. The entire metallization process prefer-
ably requires only three steps, and is outlined in Figure
3, along with the steps for the more conventional photo-
lithographic process.
[0064] The application of the M3D™ process to the fab-

rication of flex circuits can also reduce the processing
time and expense for the manufacture of multilayer cir-
cuits. In developing the M 3DTm technology, the present
inventors have developed a Virtual Masking tool (VM-
ToolT’’’), a CAD-based software program that enables
computer-controlled patterning of an aerosolized liquid
or suspension of particles. Using the M3D™process and
VMTool, it is possible to pattern the insulator between
flex circuit layers. This would eliminate the need for dep-
osition of an adhesive and subsequent lamination onto
the previous circuit layer.
[0065] Furthermore, hole punching or drilling needed
in typical flex circuit fabrication would be reduced, or, in
some cases, eliminated, since VMTool can deposit the
patterned insulating layer required between three-dimen-
sional circuit layers.

Example 7: Deposition of Gold and Platinum

[0066] The M3D™ apparatus can be used to deposit
liquid molecular precursors for gold and platinum onto
various targets. The precursor is preferably a metallo-
organic system composed of a metal salt dissolved in an
organic solvent. The approach aerosolizes the precursor
and heats the droplets in flight before depositing the aer-
osol onto the target. The precursor method can be used
for direct write of gold or platinum traces with linewidths
as small as from approximately one micrometres (mi-
crons). to five micrometres (microns), for targets with
damage thresholds greater than approximately 400 °C.
Nanoparticle-based gold inks offer an alternate to the
precursor deposition method for depositing gold onto
plastic targets. Gold precursor inks typically have decom-
position temperatures that are several hundred degrees
above the damage threshold temperature of plastics
such as PET, PEEK, and PEN, precluding precursor dep-
osition of gold. Nanoparticle gold inks, consisting of na-
nometer-size gold particles preferably with diameters
ranging from 1 to 20 nanometers, can significantly lower
the sintering temperature, and allow for laser processing
of M3D™-deposited gold traces on low-temperature plas-
tics having damage threshold temperatures as low as
about 100 °C. In general, the use of nanoparticle-based
metal inks can lower the metal sintering temperature so
that the present invention can be used for direct write
metallization of plastic targets.

Example 8: Multi-Layer Inductor

[0067] The M3D™ process may also be used to pro-
duce multi-layered structures including but not limited to
inductors and capacitors. In addition, because of the rel-
atively large working distance of the M3D™ apparatus
from the target (as much as 5 mm or more), the M3D™
process may be used to deposit material onto non-planar
surfaces with height variations on the order of hundreds
of micrometres (microns). As an example, the M3D™
process, followed by laser treatment, has been used to
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fabricate functional three-layer electrical components on
low temperature targets.
[0068] A three-step process has been used to fabricate
a ferrite-core inductor on a Kapton or alumina target. Step
one was to deposit parallel lines of silver ink directly onto
the target. The lines were approximately 100 microme-
tres (microns) wide, micrometre (micron) thick and 1000
micrometres (microns) in length. The lines were laser
treated to form dense, conductive silver wires. These
wires comprise one portion of the conductive traces that
will eventually wrap around a ferrite core. Silver contact
pads (1000 micron square) were also added in the first
layer. The second step was to deposit a mixture of man-
ganese-zinc ferrite powder and low melting temperature
glass over the conductive lines. The powder was densi-
fied by scanning a laser across the deposit, which melted
the glass. The glass flowed around the ferrite particles,
forming a dense matrix material after cooling. The ferrite
deposition step was repeated several times to buildup
the deposit to about 100 micrometres (microns). The fer-
rite line lengths were about 1500 mm long. The final step
was to deposit conductive diagonal silver lines over the
ferrite core, connecting to the underlying parallel silver
lines, to create the coil. Since the deposition head stand-
off distance is several millimeters, it is relatively simple
to write over a millimeter-sized curved surface. The re-
sistance of a typical coil generated using this method was
on the order of several ohms. The inductance was 7 mi-
croHenries and the Q value was 4. 2@1 MHz.
[0069] Figure 4 shows a micrograph of an inductor fab-
ricated using the M3D™ process on Kapton target 36.
The first layer of silver lines requires a thickness (at least
10 micrometres (microns)) sufficient to prevent shorting
due to electromigration of silver to the ferrite/glass layer
during laser sintering of the core. The top layer of diag-
onal silver lines is typically written over a 100-500 mi-
crometres (microns) nonconformal surface (in this case,
ferrite core 34) to connect the bottom silver lines, forming
inductor coil 30. The bottom electrode lines of layer one
are fully dense traces with heights of approximately 50
micrometres (microns). Contact pad 32 is 1 mm square.
Ferrite core 34 is a 5 x 15 mm rectangle with a maximum
height of 400 micrometres (microns), and is preferably
formed from a manganese/zinc iron oxide and glass pow-
der. The inductance curve of an M3D™’-fabricated in-
ductor printed on Kapton is shown in Figure 5, and re-
veals a gradual and predictable increase from 0.8 to 1.5
microHenrys in the range from 40 Hz to 110 MHz.
[0070] The quality factor or energy stored per cycle
was 50 at 50 MHz.

Example 9: Miniature Thermocouple

[0071] The M3D™ process has also been used to fab-
ricate type-S (platinum, platinum/rhodium) thermocou-
ples on tantalum nitride (TaN) targets. The platinum side
of the device was written on the left arm of the thermo-
couple. The targeted alloying ratio of the platinum/rho-

dium arm was 90% Pt and 10% Rh. The devices were
electrically insulated from the target using an adhesive
Kapton film. Thin films of platinum (Pt) and platinum/rho-
dium (Pt/Rh) liquid precursors were deposited onto an
insulating layer of polyimide. Laser decomposition was
used to drive the films to the metal state. Sample cleaning
and surface modification was used to clean the Kapton
film, and to promote wetting and adhesion of the Pt and
Pt/Rh precursors. Laser chemical processing achieved
electrical properties near that of bulk Pt and Pt/Rh. Four-
point probe measurements were used to qualitatively de-
termine the degree of decomposition and porosity. In
printing each device, the precursor for one arm was de-
posited and then laser decomposed. This procedure was
then repeated for the remaining arm of the thermocouple.
The intersections of the leads that connect the junction
to contact pads are of particular interest. One lead must
be written under the junction, and the other lead over the
junction. As a result, these intersections are prone to
cracking, and require optimized processing parameters.
Figure 6 shows a micrograph of the intersection of a ther-
mocouple junction and the lead wires. The figure shows
a smooth transition from Pt-Pt/Rh junction 38 to Pt lead
40, which was deposited first, and to Pt/Rh (arm) lead
42, which was deposited over junction 38. Deposition of
metal layers with a thickness of more than a few hundred
nanometers may also lead to unacceptable cracking of
the decomposed metal film. In this example the deposit
thickness is therefore held to approximately 0.2 to 0.5
micrometres (microns). Metallization requiring greater
thickness may be obtained by using an iterative method
to deposit and decompose several layers. The calibration
curve for an M3D™-fabricated thermocouple is shown in
Figure 7. The corresponding curve for a standard type-
S thermocouple with a reference temperature of 0 °C is
also shown. Data was taken from 21 °C to 177 °C. The
device shows a characteristic curve that is very similar
to the standard curve. The slope of the experimental
curve is within less than 3% of the slope of the standard
curve (7. 50x10-3 mV/ °C versus 7. 73x10 mV/ °C) from
65 to 177 °C. The difference in output may be due to the
use of a reference temperature of approximately 21 °C,
rather than 0 °C.

Example 10: Metallization of Low-Temperature Targets

[0072] The invention may be used for metallization of
plastic targets and UV curable polymers (bus lines, elec-
trodes, interconnects, etc.), deposition of passive elec-
tronic components onto circuit board, deposition of em-
bedded passives on circuit board, fabrication of vias be-
tween target layers, and metallization of epoxies. Indeed,
the M3D™ process has been used to deposit and sinter
silver on polycarbonate target material. Because of the
high processing temperatures needed for decomposition
of the silver precursors, an alternate approach to the pre-
cursor chemistry method was used to reduce the
processing temperature required for direct write of metal
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lines on polycarbonate.
[0073] This approach entails the use of a nanoparticle
silver ink composed of nanometer-sized silver particles
suspended in an aqueous solution. The median diameter
of the particles was approximately 50 nanometers. The
use of a nanoparticle formulation to print silver lines onto
a low-temperature target can be extended to gold, and
has the following advantages: the desired material (i. e. ,
a highly conductive metal) already exists, eliminating the
need for decomposition and removal of volatile organic
solvents; the suspending medium can be aqueous, and
will not chemically degrade polycarbonate; good adhe-
sion on plastic has been demonstrated in a previous
study; deposition and processing may be accomplished
with the target held at room temperature; the nanoparticle
ink can be deposited with linewidths below 10 microme-
tres (microns); nanometer-size particles sinter at a laser
power (< 100 mW) that does not damage polycarbonate;
and near bulk electrical properties are possible with laser
sintering. Micrographs of sintered silver lines on polycar-
bonate are shown in Figures 8a and 8b. The resistivity
of the lines is only about 3X the bulk resistivity of silver.
In this example, the sintering temperature is approxi-
mately 180 °C, which is significantly higher than the 120
°C damage threshold of polycarbonate.
[0074] Other possible applications include, but are not
limited to, additive trimming of passive electronic com-
ponents, and deposition of thick film pastes and semi-
conducting materials onto IC chips and plastics and other
low-temperature targets.

Example 11: Pre-processing of Deposition Materials

[0075] A treatable platinum deposition was prepared
from water-soluble platinum tetrachloride. Droplets of
platinum tetrachloride were preheated as they enter the
deposition apparatus, and the temperature of the depos-
ited material was raised to approximately 580 degrees
Celsius via a substrate heater. A low-power diode laser
then completed the decomposition of the platinum tetra-
chloride to pure platinum in the desired pattern. For elec-
tronics applications, preferred laser-treatable materials
include but are not limited to: platinum tetrachloride, gold
tetrachloride, copper formate, silver acetate, silver ni-
trate, barium titanate and aluminum oxide.

Example 12: Ultra-High Density Interconnects

[0076] The M3D™ process has been used to fabricate
Ultra-High Density Interconnects (UHDI). At present, the
minimum high-density interconnect linewidth attainable
using coriventional mask photolithographic techniques
is approximately 50 micrometres (microns), a 50 to 75
micrometre (micron) pitch (spacing). The trend, however,
in the HDI circuit industry has begun to demand low-cost,
ultra-high density circuitry; i. e., linewidths from approx-
imately 10 to 40 micrometres (microns). Ink jetting has
been used to deposit conductive lines onto plastic and

other low-temperature targets using conductive polymer
solutions. This method however yields lines with resis-
tivities that are 104to 106 times more resistive than metal
lines deposited on plastics using the M3D™ technology.
In addition, ink jetting is limited to linewidth of approxi-
mately 50 micrometres (microns). Contrastingly, the
M3D™ process has been used to deposit high-density
metal lines with a 25-micrometre (micron) linewidth on a
50-micrometre (micron) pitch. Twenty five micrometres
(microns) wide precursor traces were deposited, and la-
ser decomposition was used to define the final linewidth.
The un-decomposed precursor was rinsed from the tar-
get; it may optionally be reclaimed. The process of dep-
osition followed by laser decomposition has yielded
linewidths from approximately 1 to 50 micrometres (mi-
crons). As an example, 25-micrometres (microns) Pt in-
terconnect lines with a 50-micrometres (microns) spac-
ing were written onto 1-mil thick Kapton film using the
M3D™ process. The targeted goal of 10-micrometres
(microns) wide Pt lines with 10-micrometres (microns)
spacing on polyimide is possible with optimized process-
ing parameters.
[0077] The same linewidth and line density is possible
using Ag. Figure 9 shows silver interconnects deposited
on PMMA for a polymer display application. It illustrates
the capability of 3D™ to deposit and laser-fire conductive
inks on low temperature polymer. The silver nanoparticle
ink was deposited into 35 micrometres (microns) wide
lines on the PMMA. The ink was then allowed to dry for
5 minutes at 80 °C. After drying, a 50 mW, 532nm CW
laser was focused onto the deposits and scanned at 20
mm/s in order to sinter the nanoparticles. The measured
resistance of 6 cm-long interconnects was 100 Ohms.
This corresponds to a resistivity of 16 hOhm-cm, which
is less than approximately 10x larger than that of bulk
silver. The deposits adhered well to the PMMA, passing
an adhesive tape test.
[0078] Although the invention has been described in
detail with particular reference to these preferred embod-
iments, other embodiments can achieve the same re-
sults. Variations and modifications of the present inven-
tion will be obvious to those skilled in the art and it is
intended to cover all such modifications and equivalents.
The various configurations that have been disclosed
above are intended to educate the reader about preferred
and alternative embodiments, and are not intended to
constrain the limits of the invention or the scope of the
claims.

Claims

1. A method for depositing a material on a target, the
method comprising the steps of:

generating an aerosol stream comprising the
material;
surrounding the aerosol stream with a coflowing
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sheath gas;
heating the aerosol in-flight using a laser to a
temperature exceeding a damage threshold
temperature of the target; and
depositing the aerosol stream onto the target
using an aerosol jet to form a deposit comprising
a width between one micrometer (micron) and
one millimeter;
wherein a resulting electrical property of the de-
posit is substantially similar to an electrical prop-
erty of the material in bulk form.

2. The method of claim 1 wherein the electrical property
comprises resistivity.

3. The method of claim 1 wherein the target is nonpla-
nar.

4. The method of claim 1 wherein the damage threshold
temperature is less than 200 °C.

5. The method of claim 1 wherein the aerosol stream
comprises one or more materials selected from the
group consisting of liquid molecular chemical pre-
cursors, colloidal or particle suspensions, and one
or more materials generated from the group consist-
ing of a metallo-organic precursor; a colloidal metal
solution; a metal paste; a metal nanoparticle sus-
pension; a ceramic precursor; a ceramic paste; a
resistor precursor solution; a resistor paste; an inor-
ganic semiconductor suspension; a polymeric pre-
cursor solution; a colloidal suspension of metal, di-
electric, or resistor particles; and any combination
thereof.

6. The method of claim 1 wherein the aerosol stream
comprises droplets or particles having a diameter of
less than 10 micrometers (microns).

7. The method of claim 1 wherein the generating step
comprises using ultrasonic transduction or pneumat-
ic aerosolization.

8. The method of claim 1 wherein the aerosol jet com-
prises an annular flow.

9. The method of claim 8 wherein the aerosol jet com-
prises an inner aerosol-laden flow surrounded by a
sheath gas flow that confines the inner aerosol-laden
flow.

10. The method of claim 8 wherein the annular flow fo-
cuses the aerosol stream to between 1 and 1000
micrometers (microns) in diameter.

11. The method of claim 10 wherein the width of the de-
posit is greater than or equal to approximately four
micrometers (microns).

12. The method of claim 1 wherein the depositing step
comprises providing relative motion of the target and
the aerosol stream.

13. The method of claim 1 further comprising the step
of pre-processing the aerosol stream prior to the de-
positing step.

14. The method of claim 13 wherein the pre-processing
step comprises a process selected from the group
consisting of humidifying the aerosol stream, drying
the aerosol stream, and cooling the aerosol stream.

15. The method of claim 1 further comprising the step
of post-processing the deposit after the depositing
step.

16. The method of claim 15 wherein the post-processing
step comprises an action selected from the group
consisting of thermal treatment, reducing the ambi-
ent pressure, irradiating with electromagnetic radia-
tion, and combinations thereof.

17. The method of claim 1 wherein the width of the de-
posit is approximately equal to a diameter of a beam
from the laser.

18. The method of claim 1 wherein the width of the de-
posit is greater than a diameter of a beam from the
laser.

19. The method of claim 1 further comprising heating
the material during the deposition step.

20. The method of claim 1 wherein the heating step com-
prises at least one process selected from the group
consisting of chemical decomposition, polymeriza-
tion, sintering, and melting.

21. The method of claim 1 wherein the target comprises
a material selected from the group consisting of poly-
carbonate, polyethylene terephthalate, polymethyl
methacrylate, polytetrafluoroethylene, polyester,
and epoxy.

22. The method of claim 1 wherein the laser comprises
a diode laser.

23. The method of claim 1 wherein a power of the laser
is approximately 10 milliwatts.

24. The method of claim 1 wherein the laser comprises
a continuous wave mode or a pulsed wave mode.

25. The method of claim 24 wherein the laser comprises
a pulsed wave mode and an energy of the pulsed
wave mode is several microjoules.
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26. The method of claim 1 further comprising delivering
a laser beam to the target using a system of lenses
and mirrors, an optical fiber, or a combination there-
of.

27. The method of claim 1 wherein a beam from the laser
is delivered to the target apart from the aerosol
stream.

28. The method of claim 27 resulting in serial process
deposition and laser processing.

Patentansprüche

1. Verfahren zum Abscheiden eines Materials auf ei-
nem Ziel, wobei das Verfahren die folgenden Schritte
umfasst:

Erzeugen eines Aerosolstroms, der das Material
umfasst;
Umgeben des Aerosolstroms mit einem gleich-
fließenden Hüllgas;
Erhitzen des Aerosols während des Flugs unter
Verwendung eines Lasers auf eine Temperatur,
die eine Schadensschwellenwerttemperatur
des Ziels übersteigt; und
Abscheiden des Aerosolstroms auf dem Ziel un-
ter Verwendung eines Aerosolstrahls, um eine
Abscheidung zu bilden, die eine Breite zwischen
einem Mikrometer (Mikron) und einem Millime-
ter umfasst;
wobei eine entstehende elektrische Eigenschaft
der Abscheidung im Wesentlichen ähnlich einer
elektrischen Eigenschaft des Materials in loser
Form ist.

2. Verfahren nach Anspruch 1, wobei die elektrische
Eigenschaft Resistivität umfasst.

3. Verfahren nach Anspruch 1, wobei das Ziel nicht pla-
nar ist.

4. Verfahren nach Anspruch 1, wobei die Schadens-
schwellenwerttemperatur weniger ist als 200°C.

5. Verfahren nach Anspruch 1, wobei der Aerosolstrom
ein oder mehrere Materialien, die ausgewählt sind
aus der Gruppe bestehend aus flüssigen molekula-
ren chemischen Vorläufern, kolloidalen Suspensio-
nen oder Partikelsuspensionen, und ein oder meh-
rere Materialien aufweist, die erzeugt werden aus
der Gruppe bestehend aus einem metallorgani-
schen Vorläufer; einer kolloidalen Metalllösung; ei-
ner Metallpaste; einer Metall-Nanopartikelsuspensi-
on; einem Keramikvorläufer; einer Keramikpaste, ei-
ner Widerstandsvorläuferlösung; einer Wider-
standspaste; einer anorganischen Halbleitersus-

pension; einer polymerischen Vorläuferlösung; einer
kolloidalen Suspension aus Metallpartikeln, dielekt-
rischen Partikeln oder Widerstandspartikeln; und ei-
ner beliebigen Kombination davon.

6. Verfahren nach Anspruch 1, wobei der Aerosolstrom
Tröpfchen oder Partikel aufweist, die einen Durch-
messer von weniger als 10 Mikrometern (Mikron)
aufweisen.

7. Verfahren nach Anspruch 1, wobei der Erzeugungs-
schritt das Verwenden von Ultraschall-Transduktion
oder pneumatischer Aerosolbildung umfasst.

8. Verfahren nach Anspruch 1, wobei der Aerosolstrahl
einen ringförmigen Strom umfasst.

9. Verfahren nach Anspruch 8, wobei der Aerosolstrahl
einen inneren mit Aerosol beladenen Strom umfasst,
der von einem Hüllgasstrom umgeben ist, der den
inneren mit Aerosol beladenen Strom einschließt.

10. Verfahren nach Anspruch 8, wobei der ringförmige
Strom den Aerosolstrom auf zwischen 1 und 1000
Mikrometer (Mikron) im Durchmesser fokussiert.

11. Verfahren nach Anspruch 10, wobei die Breite der
Abscheidung größer oder gleich ungefähr vier Mi-
krometer (Mikron) ist.

12. Verfahren nach Anspruch 1, wobei der Abschei-
dungsschritt das Bereitstellen von relativer Bewe-
gung des Ziels und des Aerosolstroms umfasst.

13. Verfahren nach Anspruch 1, das ferner den Schritt
des Vorverarbeitens des Aerosolstroms vor dem Ab-
scheidungsschritt umfasst.

14. Verfahren nach Anspruch 13, wobei der Vorverar-
beitungsschritt einen Prozess umfasst, der ausge-
wählt ist aus der Gruppe bestehend aus Befeuchten
des Aerosolstroms, Trocknen des Aerosolstroms
und Kühlen des Aerosolstroms.

15. Verfahren nach Anspruch 1, das ferner den Schritt
des Nachverarbeitens der Abscheidung nach dem
Abscheidungsschritt umfasst.

16. Verfahren nach Anspruch 15, wobei der Nachverar-
beitungsschritt eine Handlung umfasst, die ausge-
wählt ist aus der Gruppe bestehend aus Thermobe-
handlung, Reduzieren des Umgebungsdrucks, Be-
strahlen mit elektromagnetischer Strahlung und
Kombinationen davon.

17. Verfahren nach Anspruch 1, wobei die Breite der Ab-
scheidung ungefähr gleich einem Durchmesser ei-
nes Strahls des Lasers ist.
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18. Verfahren nach Anspruch 1, wobei die Breite der Ab-
scheidung größer als ein Durchmesser eines Strahls
des Lasers ist.

19. Verfahren nach Anspruch 1, das ferner Erhitzen des
Materials während des Abscheidungsschritts um-
fasst.

20. Verfahren nach Anspruch 1, wobei der Erhitzungs-
schritt mindestens einen Prozess umfasst, der aus-
gewählt ist aus der Gruppe bestehend aus chemi-
scher Zersetzung, Polymerisierung, Sintern und
Schmelzen.

21. Verfahren nach Anspruch 1, wobei das Ziel ein Ma-
terial umfasst, das ausgewählt ist aus der Gruppe
bestehend aus Polykarbonat, Polyethylenterephta-
lat, Polymethylmethacrylat, Polytetrafluoräthylen,
Polyester und Epoxid.

22. Verfahren nach Anspruch 1, wobei der Laser einen
Diodenlaser umfasst.

23. Verfahren nach Anspruch 1, wobei eine Leistung des
Lasers ungefähr 10 Milliwatt ist.

24. Verfahren nach Anspruch 1, wobei der Laser einen
durchgehenden Wellenmodus oder einen pulsieren-
den Wellenmodus umfasst.

25. Verfahren nach Anspruch 24, wobei der Laser einen
pulsierenden Wellenmodus umfasst und eine Ener-
gie des pulsierenden Wellenmodus mehrere Mikro-
joule ist.

26. Verfahren nach Anspruch 1, das ferner Zuführen ei-
nes Laserstrahls zu dem Ziel unter Verwendung ei-
nes Systems von Linsen und Spiegeln, einer opti-
schen Faser oder Kombinationen davon umfasst.

27. Verfahren nach Anspruch 1, wobei ein Strahl von
dem Laser dem Ziel von dem Aerosolstrom entfernt
zugeführt wird.

28. Verfahren nach Anspruch 27, das zu einer seriellen
Prozessabscheidung und Laserverarbeitung führt.

Revendications

1. Procédé de dépôt d’un matériau sur une cible, le
procédé comprenant les étapes de :

génération d’un flux d’aérosol comprenant le
matériau ;
encerclement du flux d’aérosol avec un gaz
d’enveloppe de coécoulement ;
chauffage de l’aérosol en vol à l’aide d’un laser

jusqu’à une température dépassant une tempé-
rature seuil d’endommagement de la cible ; et
dépôt du flux d’aérosol sur la cible à l’aide d’un
jet d’aérosol pour former un dépôt comprenant
une largeur entre un micromètre (micron) et un
millimètre ;
dans lequel une propriété électrique résultante
du dépôt est sensiblement similaire à une pro-
priété électrique du matériau en vrac.

2. Procédé selon la revendication 1, dans lequel la pro-
priété électrique comprend la résistivité.

3. Procédé selon la revendication 1, dans lequel la cible
est non plane.

4. Procédé selon la revendication 1, dans lequel la tem-
pérature seuil d’endommagement est inférieure à
200 °C.

5. Procédé selon la revendication 1, dans lequel le flux
d’aérosol comprend un ou plusieurs matériaux choi-
sis dans le groupe consistant en des précurseurs
chimiques moléculaires liquides, des suspensions
colloïdales ou de particules, et un ou plusieurs ma-
tériaux générés à partir du groupe consistant en un
précurseur métallo-organique ; une solution de mé-
tal colloïdale ; une pâte de métal ; une suspension
de nanoparticules de métal ; un précurseur de
céramique ; une pâte de céramique ; une solution
de précurseur de résistor ; une pâte de résistor ; une
suspension de semi-conducteur inorganique ; une
solution de précurseur polymérique ; une suspen-
sion colloïdale de particules de métal, diélectriques
ou de résistor ; et toute combinaison de ceux-ci.

6. Procédé selon la revendication 1, dans lequel le flux
d’aérosol comprend des gouttelettes ou des particu-
les ayant un diamètre inférieur à 10 micromètres (mi-
crons).

7. Procédé selon la revendication 1, dans lequel l’étape
de génération comprend l’utilisation d’une transduc-
tion ultrasonique ou d’une aérosolisation pneumati-
que.

8. Procédé selon la revendication 1, dans lequel le jet
d’aérosol comprend un écoulement annulaire.

9. Procédé selon la revendication 8, dans lequel le jet
d’aérosol comprend un écoulement chargé en aéro-
sol intérieur encerclé par un écoulement de gaz d’en-
veloppe qui confine l’écoulement chargé d’aérosol
intérieur.

10. Procédé selon la revendication 8, dans lequel l’écou-
lement annulaire concentre le flux d’aérosol à un dia-
mètre entre 1 et 1 000 micromètres (microns).
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11. Procédé selon la revendication 10, dans lequel la
largeur du dépôt est supérieure ou égale à approxi-
mativement quatre micromètres (microns).

12. Procédé selon la revendication 1, dans lequel l’étape
de dépôt comprend la fourniture d’un mouvement
relatif de la cible et du flux d’aérosol.

13. Procédé selon la revendication 1, comprenant en
outre l’étape de prétraitement du flux d’aérosol avant
l’étape de dépôt.

14. Procédé selon la revendication 13, dans lequel l’éta-
pe de prétraitement comprend un processus choisi
dans le groupe consistant en l’humidification du flux
d’aérosol, le séchage du flux d’aérosol et le refroi-
dissement du flux d’aérosol.

15. Procédé selon la revendication 1, comprenant en
outre l’étape de post-traitement du dépôt après l’éta-
pe de dépôt.

16. Procédé selon la revendication 15, dans lequel l’éta-
pe de post-traitement comprend une action choisie
dans le groupe consistant en un traitement thermi-
que, une réduction de la pression ambiante, une ir-
radiation avec un rayonnement électromagnétique,
et des combinaisons de ceux-ci.

17. Procédé selon la revendication 1, dans lequel la lar-
geur du dépôt est approximativement égale à un dia-
mètre d’un faisceau du laser.

18. Procédé selon la revendication 1, dans lequel la lar-
geur du dépôt est supérieure à un diamètre d’un fais-
ceau du laser.

19. Procédé selon la revendication 1, comprenant en
outre le chauffage du matériau pendant l’étape de
dépôt.

20. Procédé selon la revendication 1, dans lequel l’étape
de chauffage comprend au moins un processus choi-
si dans le groupe consistant en une décomposition
chimique, une polymérisation, un frittage et une fu-
sion.

21. Procédé selon la revendication 1, dans lequel la cible
comprend un matériau choisi dans le groupe con-
sistant en le polycarbonate, le polytéréphtalate
d’éthylène, le polyméthacrylate de méthyle, le poly-
tétrafluoroéthylène, le polyester et l’époxy.

22. Procédé selon la revendication 1, dans lequel le la-
ser comprend un laser-diode.

23. Procédé selon la revendication 1, dans lequel une
puissance du laser est d’approximativement 10 mil-

liwatts.

24. Procédé selon la revendication 1, dans lequel le la-
ser comprend un mode d’onde continue ou un mode
d’onde puisée.

25. Procédé selon la revendication 24, dans lequel le
laser comprend un mode d’onde pulsée et une éner-
gie du mode d’onde pulsée est de plusieurs micro-
joules.

26. Procédé selon la revendication 1, comprenant en
outre la distribution d’un faisceau laser sur la cible à
l’aide d’un système de lentilles et de miroirs, d’une
fibre optique, ou d’une combinaison de ceux-ci.

27. Procédé selon la revendication 1, dans lequel un
faisceau du laser est distribué sur la cible séparé-
ment du flux d’aérosol.

28. Procédé selon la revendication 27, se traduisant par
un dépôt par processus en série et un traitement
laser.
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