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METHODS OF MANUFACTURE OF ENGINEERED MATERIALS

AND DEVICES

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This patent document claims the benefit of priority of U.S. Provisional

Patent Application No. 61/786,359, entitled "METHODS OF MANUFACTURE FOR

NANOSCALE DEVICES" and filed on March 15, 2013. The entire content of the

aforementioned patent application is incorporated by reference as part of the

disclosure of this patent document.

TECHNICAL FIELD

[0002] This patent document relates to systems, devices, and processes that

use nanoscale fabrication technologies.

BACKGROUND

[0003] Nanotechnology provides techniques or processes for fabricating

structures, devices, and systems with features at a molecular or atomic scale, e.g.,

structures in a range of about one to hundreds of nanometers in some applications.

For example, nano-scale devices can be configured to include sizes similar to some

large molecules, e.g., biomolecules such as enzymes. Nano-sized materials used to

create a nanostructure, nanodevice, or a nanosystem can exhibit various unique

properties, e.g., including optical properties, that are not present in the same

materials at larger dimensions and such unique properties can be exploited for a

wide range of applications.

SUMMARY

[0004] Techniques, systems, and devices are disclosed for producing,

fabricating, and manufacturing engineered materials and devices with designed

structures with atomic precision.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A shows process diagram of an exemplary method to

manufacture an engineered material or device.



[0006] Figure 1B shows process diagram of an exemplary implementation of the

method of Figure 1A.

[0007] Figure 2A shows a schematic diagram of an exemplary method to

manufacture an engineered material or device at the nanoscale on a substrate.

[0008] Figure 2B shows a schematic diagram of an exemplary method to

manufacture an engineered material or device at the nanoscale without a substrate.

DETAILED DESCRIPTION

[0009] Techniques, systems, and devices are disclosed for producing,

fabricating, and manufacturing engineered materials and devices with designed

structures with atomic precision.

[0010] The disclosed technology can create new, engineered materials and

devices (e.g., including nanomaterials and nanoscale devices) that can be utilized in

a variety of implementations so as to create designed structures and exploit useful

properties of the fabricated materials and devices. For example, some specific

properties of the engineered materials fabricated using the disclosed techniques can

include a specific density, electrical conductivity, magnetic characteristic, specific

heat, optical characteristic, modulus of elasticity, and/or section modulus, among

others. Using the described processes of fabrication, such engineered materials

(e.g., various nanomaterials) can be produced with a particular structural geometry

and with such exemplary properties to enable them to be used as a particular device,

e.g., including, but not limited to, an electrochemical system such as a reversible fuel

cell (e.g., to store energy and generate power), bioreactor, filter, sensor, and

molecular carrier and/or substrate for other assemblies, molecules, compounds, and

substances.

[001 1] The described materials and devices can be produced, fabricated, and

manufactured on a nano-, micro-, and macro-size scale. In addition to size, other

design factors including composition, structure, layer orientation, dopants, and

energy such as light, heat, electric, acoustic conducting and/or insulating

characteristics, etc., can be determined before and during the fabrication of materials

and devices, in order to engineer the materials and devices with desired properties

and functionalities. For example, materials and devices fabricated by the disclosed

technology can be produced for use in a variety of industries including, but not



limited to, clean energy, filter technology, fuel technology, production of chemicals,

pharmaceuticals, nanomaterials, and biotechnology, building materials and

construction, durable goods, among many others.

[0012] In one aspect, a method of the disclosed technology to manufacture an

engineered material with atomic precision can be performed to produce nanometer

sized devices and/or macroscale devices that include nanoscale features. The

method can include a process to dissociate a feedstock substance, e.g., such as a

gas or a vapor, into constituents, e.g., which can include individual particles of

atoms, atoms and/or molecules. For example, the feedstock substance can include

a 'super critical' substance that is above the triple point of matter. The method can

include a process to deposit the constituents on a surface, in which the constituents

are deposited at a particular location on the surface. For example, in some

implementations, the surface can include one or more surfaces of a target substrate,

and in the same or other implementations, the surface can include a surface of a

colloidal or suspended particle. The method can include a process to form layers of

the deposited constituents to produce a desired material or device structure, e.g., in

which the layers are formed layer by layer using two or more precision particle

and/or energy beams. For example, the beams can include a laser beam or an

atomic particle beam, e.g., including an electron beam, a proton beam, and/or a

neutron beam.

[0013] In some implementations of the method, for example, the process to

dissociate the feedstock substance can include providing a gas and/or vapor into a

chamber and applying heat to a surface within the chamber, e.g., in which the

surface includes the exemplary target substrate to deposit the constituents and build

the desired material structure using the deposited constituents. In some

implementations, for example, the heat applied to the exemplary substrate can be

used to dissociate the feedstock substance to provide the constituents to be

deposited on the surface to create the initial layer of the material structure. In some

implementations, for example, the heat can be varied or continuously applied to the

exemplary substrate to provide annealing and/or stress release of the formed layers

during the implementation of the method. In some examples, the heat can be varied

or continuously applied to the exemplary substrate to provide depositions, healing,

and/or dopant additions during the implementation of the method, which can be used



for production or specialization of various defects and healing or modifying various

designated faults or defects.

[0014] In some implementations, for example, the method can further include a

process to preheat the gas and/or vapor feedstock substance prior to providing the

gas and/or vapor to be dissociated (e.g., in the chamber), which can help minimize

the energy required to dissociate the gas and/or vapor into the constituents. In some

implementations, for example, the method can further include a process to preheat

the gas and/or vapor feedstock substance by heat exchange from a product or

byproduct of the deposition method prior to providing the gas and/or vapor to be

dissociated (e.g., in the chamber), which can help minimize the energy required to

dissociate the gas and/or vapor into the constituents.

[0015] In some implementations, for example, the process to dissociate the

feedstock substance can include using the two or more particle and/or energy beams

to provide the energy to dissociate the gas and/or vapor in a three dimensional

space. For example, the two or more particle and/or energy beams (e.g., laser

and/or electron, proton, and/or neutron beam) can be directed to one or more

particular locations in space or on the surface of the exemplary target substrate or a

colloidal or suspended particle, in which the energy provided by the beams

dissociates the gas and/or vapor feedstock substance into constituents and causes

deposition of at least some of the constituents in space or on the surface of the

exemplary target substrate or a suspended particle. In some examples, the

constituents (e.g., deposited on the surface) also can provide heat energy to induce

the dissociation of the feedstock gas and/or vapor. For example, the deposition

surface or site where an initial layer is formed can include a substrate present in the

three dimensional space (e.g., in the exemplary chamber), or can include a

constituent of a previously dissociated feedstock substance, or in some exemplary

implementations, a non-dissociated feedstock substance in the three dimensional

space.

[0016] For example, the gas and/or vapor feedstock substance can include

methane, ethane, propane, butane, benzene, and/or other compounds that

dissociate such as fluids or vapors of paraffinic compounds. In such exemplary

instances of using multi-carbon paraffinic gas, the two or more particle and/or energy

beams can be utilized and controlled to dissociate individual carbon atoms (e.g., to



be deposited on the surface) as well as multi-bonded carbon, as desired. In such

exemplary instances of implementing the exemplary process to preheat the surface

and using multi-carbon paraffinic gas, the heated surface can provide the energy to

respeciate or dissociate (e.g., dehydrogenate) the hydrogen atoms while preserving

the multi-bonds of carbon to form multi-bonded carbon constituents on the surface

as the initial layer. For example, the multi-bonded carbon constituents can be used

to control the orientation of the layer-by-layer deposition of subsequent constituents

of the method. For example, using benzene or other shape-producing substances

as the feedstock substance can provide an initial layer of rings that can be used to

grow layers of tubular structures.

[0017] For example, the feedstock gas and/or vapor can include various

nitrogenous compounds. For example, the gas and/or vapor can include other

hydrocarbon molecules including Fe, Ni, or Co carbonyls, or selected halogenated

compounds , as well as other desirable atoms or functional groups. In some

examples, the gas and/or vapor can include dichloroethane including polyvinylidene

chloride (C2H Cl2) , which can be used to form coaxial tubes (e.g., including

cylindrical and/or conical structures), along with HCI formed as a by-product.

[0018] For example, when using methane or other paraffinic gas is used as the

feedstock gas, the two or more particle and/or energy beams can be used to

dehydrogenate the hydrocarbon gas to form the dissociated carbon constituent and

excess hydrogen gas. In some implementations, for example, the method can

further include a process to remove excess by-product (e.g., in this example,

hydrogen gas), which can also be returned at another time. For example, the

process to dissociate the feedstock substance can be implemented to a point where

the amount of feedstock gas and/or vapor is diminished to an insufficient level for the

deposition and/or growth processes and the amount of excess by-product is at a

level to reduce efficiency of the process. In such cases, the excess by-product can

be removed from the exemplary chamber and the process to dissociate the

feedstock substance can be repeated, e.g., until such levels are again detected.

[0019] In some implementations, for example, the process to deposit the

constituent can include focusing the two or more precision particle and/or energy

beams (e.g., the laser beam and/or the electron, proton, and/or neutron beam) on

one or more single locations (e.g., such as a point the size of an atom or a desired



molecule) on the surface where the constituents are desired to be deposited. For

example, in such implementations, the energy beams can be operated such that the

dissociating of the feedstock substance (e.g., methane into carbon and hydrogen

gas) does not occur unless two or more beams are directed at the carbon

constituent, e.g., thereby precisely determining the location of the constituent deposit

on the surface (e.g., target substrate or suspended particle or previously built layer

over the target substrate). In some implementations, for example, the two or more

beams can be configured to be orthogonal to one or more of the beams to apply the

energy to the location. In an exemplary implementation using an electron beam, the

two or more e-beams can be configured to produce a charge on at least a portion of

the surface, e.g., to control the polarity of deposition of the constituents. For

example, in some implementations, the surface to deposit the initial layer can include

a mandrel, e.g., which can be comprised of copper, boron nitride, graphite, nickel,

and/or iron. Whereas in some implementations, for example, the surface to deposit

the initial layer can include a constituent of a previously dissociated feedstock

substance or a non-dissociated feedstock substance in the three dimensional space.

[0020] In some implementations, for example, the process to form the layers

can include moving the surface (e.g., the substrate) in one or more directions (e.g.,

within the chamber) to control the particular location of the deposition of the

constituents. In some implementations, for example, the process to form the layers

can include facilitating epitaxial growth of the layers on a crystalline seed or

substrate. For example, the crystalline seed or substrate can provide a base to form

the initial layer, in which the individual atoms can attach in one or more preferred

orientations with respect to the seed or substrate.

[0021] In some implementations, the method can further include a process to

cleave the formed material structure from the surface. For example, the surface

(e.g., such as the substrate, seed, or mandrel in which the initial layer was

deposited) can be cleaved from the formed material using a variety of methods,

including heating the surface or applying the two or more particle and/or energy

beams to the bonding region between the initial bound layer and the surface.

[0022] The method can be implemented to form a variety of material structures,

which include, but are not limited to, graphene sheets including graphene with

various structures to produce spacing between graphene layers as may be provided



by beam deposited configurations, coaxial tubes including cylinders and nested cone

structures, and various asymmetrical structures. For example, the method can be

implemented to form material structures including energy conducting and non

conducting materials, transparent and opaque materials, transition metal carbides,

graphite, graphene, carbon scrolls, nanotubes, boron nitride, silicon nitride, silicon

carbide, and/or combinations of such materials and structures among others.

[0023] Figure 1A shows a process diagram illustrating an exemplary method to

manufacture an engineered material, e.g., which can include nanoscale structures

used as or in a variety of devices. As shown in the process diagram, the method

includes a process 101 to dissociate a feedstock substance, e.g., such as a gas or a

vapor, into constituents. The method can include a process 102 to deposit the

constituents on a deposition surface at a particular location on the deposition

surface. The method can include a process 103 to form layers of the deposited

constituents to produce a desired material or device structure, e.g., in which the

layers are formed layer by layer using two or more precision particle and/or energy

beams, e.g., such as a laser beam or an atomic particle beam.

[0024] Figure 1B shows process diagram of an exemplary implementation of the

method of Figure 1A. As shown in the process diagram of Figure 1B, the method

includes a process 111 to direct two or more precision particle and/or energy beams

to a particular location in a three dimensional space to dissociate a feedstock

substance (e.g., a gas or a vapor) into constituents, the constituents including

individual atoms or molecules. The constituents of the dissociated feedstock

substance are used to produce the engineered material. The directed two or more

beams cause at least one of the constituents of the dissociated feedstock substance

to deposit or precipitate at a deposition site proximate the particular location. For

example, the deposition site (or precipitation site) can include a nucleant (e.g.,

nucleation site) or colloidal suspended particle located proximate the particular

location in the three dimensional space to where the two or more precision particle

and/or energy beams are directed. The method includes a process 112 to form

layers of deposited constituents layer by layer in one or more dimensions to produce

a material structure, in which the forming the layers includes dissociating an

additional feedstock substance (e.g., a gas or a vapor) into additional constituents

(e.g., individual atoms or molecules) by directing the two or more beams to a location



proximate a previously deposited constituent to cause at least one of the additional

constituents of the dissociated additional feedstock substance to deposit on a

constituent deposition site of the previously deposited constituent. In certain

implementations of the method, the two or more beams include at least one of a

laser beam or an atomic particle beam.

[0025] Implementations of the exemplary method shown in Figure 1B can

optionally include one or more of the following features. For example, the additional

feedstock substance can be the same substance or a different substance or a

different phase as the feedstock substance dissociated in the process 111. For

example, the feedstock substance can include one of or a combination of any of

methane, ethane, propane, butane, or other paraffin, or nitrogenous molecules or

hydrocarbon molecules including metal organics, or other substances such as Fe,

Ni, Cu, or Co carbonyls, or halogenated compounds or functional groups. In some

implementations of the method using a paraffin feedstock substance, for example,

the produced material structure can include a durable carbon product, e.g., in which

dissociation of the carbon donor or paraffinic feedstock substance produces excess

hydrogen gas formed as a by-product. In such instances, for example, the method

can further include collecting the hydrogen gas by a system such as a collection

chamber. For example, the feedstock substance can include dichloroethane and/or

other donors such as a vinylhalide or vinylidene halide, e.g., in which the produced

material structure can be designed to include coaxial tubes of cylindrical or conical

surface geometries, in which excess byproduct(s), e.g., such as HCI, can be formed

along with the product of the layer formation of the method using the exemplary

donor such as dichloroethane feedstock. In such instances, for example, the method

can further include collecting the byproduct in a collection chamber.

[0026] In some implementations, for example, the method can further include

preheating the feedstock substance prior to the directing the two or more beams to

dissociate the feedstock substance, in which the preheating can be used to minimize

the required energy to dissociate the feedstock substance into the constituents. In

some implementations, for example, the method can use an exemplary atomic

particle beam configured to produce a polarity at the particular location of the

deposition site. For example, the directing the two or more beams can be

implemented to cause molecular bonds of the feedstock substance to break.



[0027] In some implementations of the method, for example, the method can

include using a substrate such that the deposition site proximate the particular

location can be selected to be located on a substrate surface. In such instances, for

example, the dissociating the feedstock substance can further include applying heat

to the substrate surface to form at least an initial layer. Also in such instances, for

example, the method can further include moving the substrate surface in one or

more directions to control deposition of the constituents. Also in such instances, for

example, the method can further include cleaving the material structure from the

substrate surface. In some implementations, for example, the method is

implemented in a sealed chamber. In addition to or alternatively, for example, the

deposition site proximate the particular location can be selected to be a portion of a

constituent material previously dissociated from the gas or vapor feedstock

substance.

[0028] Figure 2A shows a schematic diagram of an exemplary method to

manufacture an engineered material or device at the nanoscale on a substrate. As

shown in the diagram of Figure 2A, a particle or energy beam from a suitable source

2 10a and a particle or energy beam from a suitable source 210b can each be

directed to arrive at a particular location denoted as deposition location 250. The

energy delivered by the particle or energy beams 2 10 and 2 10b can cause a

feedstock gas or vapor substance 205 (e.g., such as methane, in this example) to

dissociate into its constituents at the deposition location 250, such that some of the

dissociated constituents of the feedstock gas or vapor substance 205 bind to each

other and/or to substrate 201 at the deposition location 250 as a deposited

constituent 206 (e.g., shown as carbon, in this example) and other dissociated

constituents are displaced away from the deposition location 250, e.g., such as in the

form of excess by-product constituents 207 (e.g., shown as hydrogen gas, in this

example).

[0029] In some instances multiple constituents are supplied as feedstocks.

Illustratively, for example, one gas may be nitrogen or a nitrogen donor such as

ammonia and another may be a boron or a boron donor such as a halogenated

boron compound, e.g., BF3 to build boron nitride in various shapes and

configurations. In another example, the substrate 201 can include mica or a

semiconductor wafer material to provide an initial surface or texture such as a flat



surface from which to build an initial one or two dimensional layer of the engineered

material or device to be produced. Also, for example, the substrate 201 can provide

the platform to build in parallel and/or concurrently a plurality of the engineered

materials or devices to be produced. The deposition location 250 can initially be on

a nucleant, suspended particle or the stable substrate 201 , such that other

deposition sites to form the material structure can be positioned proximate previous

deposition locations including on the substrate 201 , and the deposition location 250

can be at a portion or region of a previously deposited constituent, which is

illustrated later in Figure 2B. In some implementations, for example, the method to

manufacture the engineered material or device can be implemented in a chamber

299, e.g., such as a sealed chamber in which the pressure, temperature, and

substances contained within the chamber 299 are controlled with precision.

[0030] The particle or energy beams 210a and 210b are controlled to facilitate

formation of bonds such as metallic, ionic, covalent, intermolecular, and/or hydrogen

bonds by the deposited constituents 206 with new deposited constituents 206. In

one example where the beams 2 10a and/or 2 10b are energy beams of a laser, an

exemplary laser beam emitter can be configured to emit the laser beams at a

particular intensity (e.g., 1013 - 10 14 W/cm2, or other greater or lesser intensity as

needed) at the deposition location 250 to break one or more chemical bonds of a

target feedstock substance 205 at the location 250 to dissociate into one or more

constituents 206 and 207. For example, the chamber 299 can be configured to a

particular temperature and pressure to select the particular intensity of the laser

beams for the supplied feedstock substance 205 into the chamber 299. The

dissociation energy transfer may include direct absorption by the precursor feedstock

and/or absorption by the substrate or a substrate intermediate substance that

conducts and/or radiates the energy to the precursor feedstock to contribute to the

dissociation process. In another example where the beams 210a and/or 210b are

atomic particle beams, an exemplary charged particle (e.g., proton or electron) beam

emitter can be configured to emit the particle beams at sufficient intensity at the

deposition location 250 to break one or more chemical bonds of a target feedstock

substance 205 at the location 250 to dissociate into one or more constituents 206

and 207.



[0031] In other implementations, for example, the method to manufacture the

engineered material or device can be implemented in an unsealed room or semi-

open space.

[0032] In some implementations of the method, for example, the deposition site

proximate the particular location can be selected to be a portion of a constituent

material previously dissociated from the gas or vapor feedstock substance. For

example, the method can be implemented to produce the material structure without

the use of an initial substrate such as a macroscopic liquid or solid. Illustratively, for

example, colloidal or otherwise suspended minute seeds of the substrate material

may be utilized to enable beam induced conversion of gaseous feedstock to provide

growth of one or more of such seeds into macroscopic objects. Once such growth is

started, the beamed input of energy and/or particle additions may be optically

monitored, and additional energy can be focused according to computer aided

manufacturing programs to produce the desired shapes and dimensions, e.g.,

including production of building aids and supports that may ultimately be trimmed by

suitable methods such as laser cutting.

[0033] Figure 2B shows a schematic diagram of an exemplary method to

manufacture an engineered material or device at the nanoscale without a substrate.

As shown in the diagram of Figure 2B, the particle or energy beam 210a and the

particle or energy beam 210b can each direct a beam to the deposition location 250

positioned to include a region of a previously deposited constituent 206a and an area

proximate the region to cause the feedstock gas or vapor substance 205 (e.g., such

as methane, in this example) at the deposition location 250 to dissociate into its

constituents, such that some of the dissociated constituents of the feedstock gas or

vapor substance 205 bind to the previously deposited constituent 206a as a

deposited constituent 206 (e.g., shown as carbon, in this example) and other

dissociated constituents are displaced away from the deposition location 250, e.g.,

such as in the form of excess by-product constituents 207 (e.g., shown as hydrogen

gas, in this example).

[0034] In another aspect, a method of the disclosed technology to fabricate an

engineered material with atomic precision can be performed to produce nanometer

sized devices and/or macroscale devices that include nanoscale features. The

method includes a process to provide a first energy of association to a first gas or



vapor feedstock substance by directing one or more energy beams to a (first)

particular location in three dimensional space, in which providing the first energy

includes dissociating the gas or vapor feedstock substance into a first constituent

group of one or more of the first gas or vapor feedstock substance's constituents.

For example, the constituents can include individual atoms, charged particles, or

molecules. The choice of one or more beams, e.g., including a single beam, and

their individual frequencies and intensities depends upon the selected feedstock

and/or substrate absorptivity, thermal conductivity, and re-radiation characteristics.

The method includes a process to provide a second energy of association to a

second gas or vapor feedstock substance by directing the one or more energy

beams to a (second) particular location proximate the (first) particular location, in

which providing the second energy includes: (i) dissociating the second gas or vapor

feedstock substance into a second constituent group of one or more of the second

gas or vapor feedstock substance's constituents, and (ii) forming a bond between at

least one of the dissociated constituents of the second constituent group and at least

one of the dissociated constituents of the first constituent group, thereby forming a

material deposit. The method includes a process to further build on the material

deposit by sequentially bonding deposits of dissociated constituents to the material

deposit by directing the one or more beams to further dissociate additional gas or

vapor feedstock substances and form bonds between their constituents and the

material deposit, thereby creating a material structure deposit by deposit. In

implementations of the method, the one or more beams include at least one of a

laser beam and/or an atomic particle beam.

[0035] Exemplary Devices

[0036] In some aspects of the disclosed technology, the method can be used to

produce a fuel cell device. For example, the method can first be implemented to

produce a storage region of the fuel cell device and then be implemented to produce

electrodes of the fuel cell device. For example, exemplary fuel cell devices produced

using the disclosed methods can be oriented such that it is capable to provide for

pressure containment. In some examples, the fabricated fuel cell device can include

graphite and/or graphene structures, which can be used, for example, as ( 1 ) a heat

sink to add or remove heat for rapid reversible cycles, and (2) catalysts, in which the

graphene structure facilitates rapid adsorption and/or release of other molecules to



react in the structure. In some examples, the fabricated fuel cell device can include

electrodes having an exemplary stacked-electrode configuration, which can allow for

9000 m2 of electrode surface area for every 1 cm3 of the device. For example, the

large surface area of the electrodes can provide for more efficient utilization of

catalysts and improved heat transfer as may be needed for endothermic or

exothermic reactions and processes. Additionally, for example, deposits (e.g., mica)

can be added to the electrodes to control dielectric constants of the device. Also, for

example, the electrodes can be used for heat transfer and/or for storing substances

(e.g., gases). In some examples, the fabricated fuel cell device can include

electrolytes that form precursors, in which the electrolytes are operated at any

desired temperature, including low, medium and high temperatures, e.g., depending

on the application of the exemplary fuel cell device. In some instances one or more

of the particle or energy beam(s) are reflected or directed by stationary or movable

tubes, fiber pathways, or mirrored surfaces.

[0037] In some aspects of the disclosed technology, the method can be used to

produce other devices, including nano, micro or macro-scale shapes and

configurations, but not limited to, conductive wire, capacitors, resistors, inductors,

radio circuits, cameras, etc. on microscopic and macroscopic scales. Exemplary

capacitors can be fabricated by the disclosed methods using graphene deposited on

the electrodes, e.g., such as the conductive contact or wires connecting electrode

structures of the exemplary fuel cell devices. In some exemplary implementations,

the disclosed fabrication techniques can be used create node interrogation and

sensor devices, e.g., interrogators of changing conditions by harvesting energy

locally. In such implementations, the fabricated devices can include piezoelectric

materials (e.g., quartz, PZT or aluminum nitride) and operate as temperature,

pressure, and/or chemical sensors, which help a technician understand the

parameters of the devices, e.g., including the exemplary fuel cell device. In some

exemplary implementations, the disclosed fabrication techniques can be used to

stack or wrap multiple devices together, forming circuits of integrated devices in

desired locations.

[0038] Exemplary engineered materials and devices that can be produced by

the disclosed methods include architectural constructs as described in the U.S.

Patent documents: U.S. Patent Publication US201 1/020691 5A1 , entitled



"ARCHITECTURAL CONSTRUCT HAVING FOR EXAMPLE A PLURALITY

ARCHITECTURAL CRYSTALS", and U.S. Patent Publication US2013/01 01808A1 ,

entitled "ARCHITECTURAL CONSTRUCT HAVING A PLURALITY OF

IMPLEMENTATIONS", both of which are incorporated by reference in their entirety

as part of the disclosure in this patent document.

[0039] For example, architectural constructs can be designed to exhibit

particular properties for various functionalities and outcomes and implemented in a

variety of forms, uses, and end products and processes. Implementations of

architectural constructs can include use as a substrate, sacrificial construct, carrier,

filter, sensor, additive, catalyst and/or as a nucleant for beam deposits of material,

molecules, compounds, and substances. Implementations of architectural

constructs can also include a means to store energy and generate power. In some

implementations, an architectural construct can be used to capture and store

substances and build materials. In some implementations, the architectural

construct can sacrificially expend itself in the facilitation of chemical reactions with

substances. In some implementations, an architectural construct can carry

substances by loading and unloading the substances. In some implementations, the

architectural construct can filter substances by selectively allowing or rejecting the

passage of the substances through the architectural construct. In some

implementations, an architectural construct can be used as a sensor to detect and/or

transduce the presence of beams and substances. In some implementations, an

architectural construct can be used as an additive to another substance or material

that can modify that substance's or material's properties. In some implementations,

an architectural construct can be used as a catalyst to enable a chemical reaction

between substances that is not consumed in the process. In some implementations,

an architectural construct can be used to store and/or transfer energy as a power

generator. These implementations of architectural constructs can be utilized in a

variety of industries that include building materials and construction, durable goods,

clean energy, filter technology, fuel technology, production of chemicals,

pharmaceuticals, nanomaterials, and biotechnology, among many others.

[0040] Functions and implementations of architectural constructs can be based

on the design factors of the architectural construct. Such architectural construct

design factors can include its composition, matrix characterization, dopants, edge



atoms, surface coatings, and configuration of layers, e.g., their number, thickness,

orientation, and geometry, the spacers used in between along with the properties of

such spacers, and amount of space between the layers. For example, by

configuring the size, quantity, orientation, spacing distance of layers in an

architectural construct using the disclosed fabrication methods, new engineered

materials can be produced, fabricated, and manufactured on a nano-, micro-, and

macro-size scale. In addition to size, other design factors including composition,

crystal structure, layer orientation, dopants, etc., can be determined before and

during the fabrication of an architectural construct, in order to engineer it with desired

properties and functionalities.

[0041] The following examples are illustrative of several embodiments of the

present technology. Other exemplary embodiments of the present technology may

be presented prior to the following listed examples, or after the following listed

examples.

[0042] In one example of the present technology (example 1) , a method to

manufacture an engineered material includes directing two or more beams to a

particular location in a three dimensional space to dissociate a feedstock substance

including a gas or a vapor into constituents, the constituents including individual

atoms or molecules, in which the directing the two or more beams causes at least

one of the constituents of the dissociated feedstock substance to deposit at a

deposition site proximate the particular location; and forming layers of deposited

constituents layer by layer in one or more dimensions to produce a material

structure, in which the forming the layers includes dissociating an additional

feedstock substance into additional constituents by directing the two or more beams

to a location proximate a previously deposited constituent to cause at least one of

the additional constituents of the dissociated additional feedstock substance to

deposit on a constituent deposition site of the previously deposited constituent, in

which the two or more beams include at least one of a laser beam or an atomic

particle beam.

[0043] Example 2 includes the method of example 1, in which the feedstock

substance includes at least one of methane, ethane, propane, butane, or other

paraffin.



[0044] Example 3 includes the method of example 2 , in which the produced

material structure includes a carbon product, in which dissociation of the feedstock

substance produces excess hydrogen gas formed as a by-product.

[0045] Example 4 includes the method of example 3 , further including collecting

the hydrogen gas in a collection chamber.

[0046] Example 5 includes the method of example 1, in which the feedstock

substance includes nitrogenous molecules, hydrocarbon molecules, metal organic

feedstocks or preparations including Fe, Ni, Cu, or Co carbonyls or functional

groups, and/or halogenated compounds.

[0047] Example 6 includes the method of example 1, in which the feedstock

substance includes dichloroethane including a vinylhalide, e.g., such as vinylchloride

or vinylidene chloride.

[0048] Example 7 includes the method of example 6 , in which the produced

material structure includes coaxial tubes of cylindrical or conical geometries, in which

the forming the layers includes producing HCI formed as a by-product.

[0049] Example 8 includes the method of example 1, further including

preheating the feedstock substance prior to the directing the two or more beams to

dissociate the feedstock substance, in which the preheating minimizes required

energy to dissociate the feedstock substance into the constituents.

[0050] Example 9 includes the method of example 1, in which the deposition

site proximate the particular location is located on a substrate surface.

[0051] Example 10 includes the method of example 9 , in which the dissociating

the feedstock substance further includes applying heat to the substrate surface to

form at least an initial layer.

[0052] Example 11 includes the method of example 9 , further including moving

the substrate surface in one or more directions to control deposition of the

constituents.

[0053] Example 12 includes the method of example 9 , further including cleaving

the material structure from the substrate surface.

[0054] Example 13 includes the method of example 1, in which the method is

implemented in a sealed chamber.



[0055] Example 14 includes the method of example 1, in which the deposition

site proximate the particular location includes a portion of a constituent material

previously dissociated from a gas or vapor feedstock substance.

[0056] Example 15 includes the method of example 1, in which the atomic

particle beam is configured to produce a polarity at the particular location of the

deposition site.

[0057] Example 16 includes the method of example 1, in which the directing the

two or more beams causes molecular bonds of the feedstock substance to break.

[0058] In another example of the present technology (example 17), a method to

fabricate an engineered material includes providing a first energy of association to a

first gas or vapor feedstock substance by directing one or more beams to a first

location in three dimensional space, the providing the first energy including

dissociating the first gas or vapor feedstock substance into a first group of

constituents including individual atoms or molecules; providing a second energy of

association to a second gas or vapor feedstock substance by directing the one or

more beams to a second location proximate the first location, the providing the

second energy including (i) dissociating the second gas or vapor feedstock

substance into a second group of constituents and (ii) forming a bond between at

least one of the dissociated constituents of the second group and at least one of the

dissociated constituents of the first group to produce a material deposit; and creating

a material structure deposit by deposit by sequentially bonding deposits of

dissociated constituents to the material deposit by directing the one or more beams

to further dissociate additional gas or vapor feedstock substances and form bonds

between their constituents and the material deposit, in which the directed one or

more beams include one or both of a laser beam and an atomic particle beam.

[0059] Example 18 includes the method of example 17 or example 1, in which

one beam implemented in the method is selected from a columnated or laser

generated ultraviolet (UV), optical or infrared (IR) frequencies; and another beam

implemented in the method is a selected particle beam to produce deposits such as

architectural constructs.

[0060] Example 19a includes the method of example 17 or example 1, in which

one beam implemented in the method is laser generated at a first frequency, and a



second laser beam is generated at the same or another frequency to produce

deposits, e.g., such as architectural constructs. For example, the two or more

beams of example 1 include a first laser beam set at a first frequency to dissociate

the feedstock substance and a second laser beam set at a second frequency to form

the deposit of the dissociated constituent at a deposition site.

[0061] Example 19b includes the method of example 17 or example 1, in which

the beams are cyclically provided in simultaneous or sequential events.

[0062] Example 20 includes the method of example 17 or example 1, in which

one beam is laser generated at a first frequency and a second laser beam is

generated at another frequency and the two beams are joined to produce a

combination beam by one or more mirror(s), fibers, or tubes, e.g., which can be used

to produce deposits, e.g., including architectural constructs. For example, a first and

a second laser beam can be joined to produce a combination beam.

[0063] In another example of the present technology (example 2 1) , a nano-,

micro-, or macro-scale electrochemical device is made by beam-induced dissociation

of a hydrocarbon (CxHy) , e.g., such as methane, ethane, propane, or paraffin vapor,

to deposit one or more layers including suitably functionalized graphene layers such

as to provide hydrogen ion (e.g., proton) permeability in the first or more layers in a

desired electrode pattern upon a suitable proton transport membrane substrate, e.g.,

such as a ceramic perovskite-type proton conductor layer of suitable thickness that

may be supported (for example, as depicted in the example of Figure 2A). The

graphene electrode and proton membrane assembly is turned over by a suitable

method and one or more layers of suitably functionalized graphene electrode are

beam deposited on the exposed proton membrane surface. Subsequently, one or

more molecular hydrogen transporting conduits (e.g., such as single or multiple-wall

carbon nano tubes) of suitable inside diameter are deposited on catalytic growth

patterns (e.g., such as may be provided by beam deposited catalysts such as

copper, nickel, iron, cobalt, etc.) to provide hydrogen delivery conduits and

permeability of hydrogen ions to the ceramic proton membrane. One or more

suitable vacuum stage hold and release systems may be utilized for turning over the

initial composite of the proton membrane and graphene electrode assembly and/or

for conveying the composite of graphene electrodes on both sides of the proton

membrane to another location that provides reinforcement and encapsulation with a



suitable material such chemical vapor deposited poly(p-xylylene) or another selected

type chemical vapor deposition material or parylene to seal and support the proton

membrane against each electrode.

[0064] In another example of the present technology (example 2 1) , a nano-,

micro-, or macro-scale electrochemical device is made by beam induced dissociation

of a hydrocarbon (CxHy) , e.g., such as methane, ethane, propane or paraffin vapor,

to deposit multitudes of single or multi-wall nanotubes to serve as an electrode in a

desired electrode pattern upon a suitable proton transport membrane substrate, e.g.,

such as a ceramic perovskite-type proton conductor layer of suitable thickness that

may be supported (for example, as depicted in the example of Figure 2A). The

nanotube electrode and proton membrane assembly is turned over by a suitable

method and another beam induced electrode comprising multitudes of such

nanotubes is deposited on the exposed proton membrane surface. Subsequently, a

suitable catalyst layer (e.g., such as copper or nickel) is beam deposited on the

exposed nanotube electrode surface and one or more molecular hydrogen

transporting conduits (e.g., such may be formed by one or more layers of

functionalized graphene) that are separated by suitable architectural constructs to

provide a suitable gap from one or more additional layers of graphene are deposited.

One or more suitable vacuum stage hold and release systems may be utilized for

turning over the initial composite of the proton membrane and graphene electrode

assembly and/or for conveying the composite of nanotube electrodes on both sides

of the proton membrane to another location that provides reinforcement and

encapsulation with a suitable material, e.g., such chemical vapor deposited poly(p-

xylylene) or another selected type chemical vapor deposition material or parylene to

seal and support the proton membrane against each electrode and/or to seal

selected edges of the graphene conduit for delivery of hydrogen to or from the

adjacent electrode.

[0065] While this patent document and attached appendices contain many

specifics, these should not be construed as limitations on the scope of any invention

or of what may be claimed, but rather as descriptions of features that may be specific

to particular embodiments of particular inventions. Certain features that are

described in this patent document and attached appendices in the context of

separate embodiments can also be implemented in combination in a single



embodiment. Conversely, various features that are described in the context of a

single embodiment can also be implemented in multiple embodiments separately or

in any suitable subcombination. Moreover, although features may be described

above as acting in certain combinations and even initially claimed as such, one or

more features from a claimed combination can in some cases be excised from the

combination, and the claimed combination may be directed to a subcombination or

variation of a subcombination.

[0066] Similarly, while operations are depicted in the drawings in a particular

order, this should not be understood as requiring that such operations be performed

in the particular order shown or in sequential order, or that all illustrated operations

be performed, to achieve desirable results. Moreover, the separation of various

system components in the embodiments described in this patent document and

attached appendices should not be understood as requiring such separation in all

embodiments.

[0067] Only a few implementations and examples are described and other

implementations, enhancements and variations can be made based on what is

described and illustrated in this patent document and attached appendices.



CLAIMS

I/We claim:

1. A method to manufacture an engineered material, the method

comprising:

directing two or more beams to a particular location in a three dimensional

space to dissociate a feedstock substance including a gas or a vapor

into constituents, the constituents including individual atoms or

molecules, wherein the directing the two or more beams causes at

least one of the constituents of the dissociated feedstock substance to

deposit at a deposition site proximate the particular location; and

forming layers of deposited constituents layer by layer in one or more

dimensions to produce a material structure, wherein the forming the

layers includes dissociating an additional feedstock substance into

additional constituents by directing the two or more beams to a location

proximate a previously deposited constituent to cause at least one of

the additional constituents of the dissociated additional feedstock

substance to deposit on a constituent deposition site of the previously

deposited constituent,

wherein the two or more beams include at least one of a laser beam or an

atomic particle beam.

2 . The method of claim 1, wherein the feedstock substance includes at

least one of methane, ethane, propane, butane, or other paraffin.

3 . The method of claim 2 , wherein the produced material structure

includes a carbon product, wherein dissociation of the feedstock substance produces

excess hydrogen gas formed as a by-product.

4 . The method of claim 3 , further comprising:

collecting the hydrogen gas in a collection chamber.



5 . The method of claim 1, wherein the feedstock substance includes one

or more of nitrogenous molecules, hydrocarbon molecules, metal organic feedstocks

including Fe, Ni, Cu, or Co carbonyls or functional groups, or halogenated

compounds.

6 . The method of claim 1, wherein the feedstock substance includes

dichloroethane including a vinylhalide.

7 . The method of claim 6 , wherein the produced material structure

includes coaxial tubes of cylindrical or conical geometries, wherein the forming the

layers includes producing HCI formed as a by-product.

8 . The method of claim 1, further comprising:

preheating the feedstock substance prior to the directing the two or more

beams to dissociate the feedstock substance,

wherein the preheating minimizes required energy to dissociate the feedstock

substance into the constituents.

9 . The method of claim 1, wherein the deposition site proximate the

particular location is located on a substrate surface.

10. The method of claim 9 , wherein the dissociating the feedstock

substance further includes applying heat to the substrate surface to form at least an

initial layer.

11. The method of claim 9 , further comprising:

moving the substrate surface in one or more directions to control deposition of

the constituents.

12. The method of claim 9 , further comprising:

cleaving the material structure from the substrate surface.



13. The method of claim 1, wherein the method is implemented in a sealed

chamber.

14. The method of claim 1, wherein the deposition site proximate the

particular location includes a portion of a constituent material previously dissociated

from a gas or vapor feedstock substance.

15. The method of claim 1, wherein the atomic particle beam is configured

to produce a polarity at the particular location of the deposition site.

16. The method of claim 1, wherein the directing the two or more beams

causes molecular bonds of the feedstock substance to break.

17. The method of claim 1, wherein the two or more beams include laser

beams including a columnated- or laser-generated ultraviolet (UV), optical or infrared

(IR) frequencies.

18. The method of claim 1, wherein the two or more beams include a first

laser beam set at a first frequency to dissociate the feedstock substance and a

second laser beam set at a second frequency to form the deposit of the dissociated

constituent at a deposition site.

19. The method of claim 18, wherein the first and the second laser beams

are joined to produce a combination beam.

20. The method of claim 19, wherein the first and the second laser beams

are joined by one or more mirrors, fibers, or tubes.

2 1 . The method of claim 1, wherein the two or more beams are cyclically

provided in simultaneous or sequential events.



22. A method to fabricate an engineered material, the method comprising:

providing a first energy of association to a first gas or vapor feedstock

substance by directing one or more beams to a first location in three

dimensional space, the providing the first energy including dissociating

the first gas or vapor feedstock substance into a first group of

constituents including individual atoms or molecules;

providing a second energy of association to a second gas or vapor feedstock

substance by directing the one or more beams to a second location

proximate the first location, the providing the second energy including

(i) dissociating the second gas or vapor feedstock substance into a

second group of constituents and (ii) forming a bond between at least

one of the dissociated constituents of the second group and at least

one of the dissociated constituents of the first group to produce a

material deposit; and

creating a material structure deposit by deposit by sequentially bonding

deposits of dissociated constituents to the material deposit by directing

the one or more beams to further dissociate additional gas or vapor

feedstock substances and form bonds between their constituents and

the material deposit,

wherein the directed one or more beams include one or both of a laser beam

and an atomic particle beam.

23. The method of claim 22, wherein the feedstock substance includes at

least one of methane, ethane, propane, butane, or other paraffin.

24. The method of claim 23, wherein the produced material structure

includes a carbon product, wherein dissociation of the feedstock substance produces

excess hydrogen gas formed as a by-product.

25. The method of claim 24, further comprising:

collecting the hydrogen gas in a collection chamber.



26. The method of claim 22, wherein the feedstock substance includes one

or more of nitrogenous molecules, hydrocarbon molecules, metal organic feedstocks

including Fe, Ni, Cu, or Co carbonyls or functional groups, or halogenated

compounds.

27. The method of claim 22, wherein the feedstock substance includes

dichloroethane including a vinylhalide.

28. The method of claim 27, wherein the produced material structure

includes coaxial tubes of cylindrical or conical geometries, wherein the forming the

layers includes producing HCI formed as a by-product.

29. The method of claim 22, further comprising:

preheating the feedstock substance prior to the directing the one or more

beams to dissociate the feedstock substance,

wherein the preheating minimizes required energy to dissociate the feedstock

substance into the constituents.

30. The method of claim 22, wherein the method is implemented in a

sealed chamber.

3 1 . The method of claim 22, wherein the one or more beams include laser

beams including a columnated- or laser-generated ultraviolet (UV), optical or infrared

(IR) frequencies.

32. The method of claim 22, wherein two or more laser beams are joined to

produce a combination beam to provide one or both of the first and the second

energy of association.

33. The method of claim 32, wherein the two or more laser beams are

joined by one or more mirrors, fibers, or tubes.



34. The method of claim 22, wherein the one or more beams are cyclically

provided in simultaneous or sequential events.
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