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APPARATUS, SYSTEM, AND METHOD FOR
ELECTRONICS MANUFACTURING USING
DIRECT WRITE WITH FABRICATED FOILS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a nonprovisional of, and claims
priority to, and the benefit of U.S. Provisional Application
No. 62/023,050, entitled “APPARATUS, SYSTEM, AND
METHOD FOR ELECTRONICS MANUFACTURING
USING DIRECT WRITE WITH FABRICATED FOILS,”
filed on Jul. 10, 2014, which is hereby incorporated by refer-
ence in its entirety.

FIELD

[0002] The present disclosure relates to electronic assem-
bly fabrication, and more particularly, hybrid electronic
structures of foils and conductive inks.

BACKGROUND

[0003] Printing of electronic structures using direct write
technologies may be limited to two dimensional structures.
Printed structures typically do not have bulk conductivity
properties due to residual porosity and/or liquid carrier fol-
lowing deposition. Printed structures also typically benefit
from post processing (e.g., thermal processing, laser condi-
tioning and/or the like) to further densify the structures and
improve the printed structures electrical and/or conductive
properties. Moreover, creation of an electronic assembly
using conductive inks can be inefficient and expensive where
the entire structure is printed.

SUMMARY

[0004] A method for producing an electronic assembly is
provided. The method may comprise producing a first foil
from a metal substrate by an etching process or micro-ma-
chining process. The foil may be a portion of a circuit. The
method may further comprise writing a first structure by
depositing conductive material via a direct write manufactur-
ing process to the first foil. The first structure may be sub-
stantially in a plane defined by the first foil. The method may
further comprise writing a second structure by depositing
conductive material via the direct write manufacturing pro-
cess to the first foil. At least a portion of the second structure
may be substantially out of the plane defined by the first foil.
[0005] In various embodiments an electronic assembly
may comprise a first foil, a first electrical element and a
second electrical element. The first foil may be produced
from a metal substrate. The first electrical element may be
deposited via a direct write manufacturing process in a void
defined by the first foil. The first electrical element may also
be coupled to a first portion of the first foil. The second
electrical element may be deposited via the direct write
manufacturing process on a second portion of the first foil.

[0006] In various embodiments, an electrical assembly
may comprise a plurality of foils, and a plurality of conduc-
tive structures. The plurality of conductive structures may
include a first conductive structure, a second conductive
structure and a third conductive structure. The plurality of
conductive structures may also be configured to facilitate
electronic communication between individual foils of the
plurality of foils. The first conductive structure may be
coupled to a first foil of the plurality of foils. The first con-
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ductive structure may be deposited in a void defined by the
first foil. The first conductive structure may also be printed
with a first conductive ink. The second conductive structure
may be coupled to the first foil and a second foil. The third
conductive structure may be coupled to at least one of the first
foil or the second foil. The third conductive structure may be
an electrical component. The third conductive structure may
be an electrical component. The third conductive structure
may also be printed with a conductive ink that is identical or
different than the first conductive ink.

[0007] The forgoing features and elements may be com-
bined in various combinations without exclusivity, unless
expressly indicated herein otherwise. These features and ele-
ments as well as the operation of the disclosed embodiments
will become more apparent in light of the following descrip-
tion and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The subject matter of the present disclosure is par-
ticularly pointed out and distinctly claimed in the concluding
portion of the specification. A more complete understanding
of the present disclosure, however, may best be obtained by
referring to the detailed description and claims when consid-
ered in connection with the drawing figures, wherein like
numerals denote like elements.

[0009] FIG. 1 illustrates a process flow of a method of
additive manufacturing of electronics with a foil substrate, in
accordance with various embodiments;

[0010] FIG. 2 illustrates a top view of an electronic com-
ponent, in accordance with various embodiments; and
[0011] FIG. 3 illustrates a perspective exploded view elec-
tronic component, in accordance with various embodiments.

DETAILED DESCRIPTION

[0012] Thedetailed description of exemplary embodiments
herein makes reference to the accompanying drawings, which
show exemplary embodiments by way of illustration. While
these exemplary embodiments are described in sufficient
detail to enable those skilled in the art to practice the disclo-
sure, it should be understood that other embodiments may be
realized and that logical changes and adaptations in design
and construction may be made in accordance with this dis-
closure and the teachings herein. Thus, the detailed descrip-
tion herein is presented for purposes of illustration only and
not of limitation. The scope of the disclosure is defined by the
appended claims. For example, the steps recited in any of the
method or process descriptions may be executed in any order
and are not necessarily limited to the order presented. Fur-
thermore, any reference to singular includes plural embodi-
ments, and any reference to more than one component or step
may include a singular embodiment or step. Also, any refer-
ence to attached, fixed, connected or the like may include
permanent, removable, temporary, partial, full and/or any
other possible attachment option. Additionally, any reference
to without contact (or similar phrases) may also include
reduced contact or minimal contact.

[0013] Invarious embodiments, direct write manufacturing
techniques make use of conductive inks and/or conductive
fluids that are capable of being deposited in single and/or
multi-layer, high-resolution patterns. In this regard, struc-
tures made with direct write manufacturing processes are
capable of being precise. Moreover, direct write manufactur-
ing processes are capable of material deposition on both
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planar and non-planar surfaces (e.g., curved surfaces and/or
conformal surfaces). Moreover, by combining direct write
technologies and capabilities with prefabricated metal foil
structures provide a solution for the creation of complex
electrical and/or electronic assemblies with architectures that
would otherwise be unobtainable. In alternate embodiments,
the inks can comprise conductive, semiconductive, insulating
or dielectric materials.

[0014] In various embodiments and with reference to FIG.
1, a method of creating an electronics assembly is provided.
The method 100 for producing an electronic assembly.
Method 100 may comprise designing a circuit (Step 110).
Based on the circuit design, that method may further com-
prise producing a foil from a metal substrate (Step 120). In
this regard, a foil or a first foil in an electronics assembly may
be produced from a metal substrate. Production may include
any suitable process including, for example, etching of a
metal substrate, micromachining of a metal substrate, and/or
any other suitable process. The foil may be a portion of a
circuit, and/or a transmission architecture for an electronic
assembly. Method 100 may include writing one or more
structures (Step 140). For example, the method may include
writing a first structure by depositing conductive material via
a direct write manufacturing process to a foil. For example,
the first structure may be deposited to a void defined by the
foil and coupled to a portion of the foil. The first structure may
also be deposited on a portion of the circuitry of the foil. The
method may further include writing a second structure by
depositing conductive material via the direct write manufac-
turing process to the first foil. In these examples, one or more
structures may be deposited and/or manufactured substan-
tially within a plane defined by the foil. Alternatively, one or
more of the structures deposited or created by the direct write
manufacturing process may be defined substantially out of
the plane of the foil. In this regard, a portion of the structure
defined substantially out of plane may be deposited on a
structure defined by the foil, including, for example, an elec-
trical architecture defined by the foil (e.g., a metal portion of
the foil).

[0015] In various embodiments, method 100 may further
include preprocessing one or more foils (step 130). Prepro-
cessing may include any suitable treatment. For example,
preprocessing may include a treatment configured to facili-
tate bonding between one or more structures created via a
direct write manufacturing process and the foil. For example,
preprocessing may include spraying the foil with a particular
chemical to enhance bonding between the metal foil and the
material used to create the structure with the direct write
process (e.g., the conductive ink deposited via a direct write
manufacturing process). Moreover, the preprocessing may
include, for example, heat treating, chemical processing, and/
or mechanical surface preparation to prepare the foil surface
for further processing, and/or writing via a direct write manu-
facturing process.

[0016] In various embodiments, method 100 may further
include post-processing of the electronics assembly (step
150). The electronic assembly may comprise and/or be cre-
ated by the foil, the first conductive structure and the second
conductive structure. In this regard, post-processing may
include any suitable finish processing. For example, post-
processing may include heat treatment, chemical treatment,
mechanical finishing and/or micromachining, and/or any
other suitable finishing process. Moreover, post-processing
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may include coupling of mechanical interfaces, electrome-
chanical interfaces, and/or the like with the electronics
assembly.

[0017] Invarious embodiments and with reference to FIG.
2, an electronic assembly 200 may comprise a foil 210. Foil
210 may be any suitable foil produced from a substrate. In this
regard, the metal substrate may be etchable and/or machin-
able (e.g., with a micro-machining process) to produce an
architecture and/or layout. The architecture may be config-
ured to conduct electricity. Moreover, the substrate may be
any suitable metal substrate, including, for example, an alu-
minum substrate, a copper substrate, a nickel substrate, a steel
substrate, an alloy substrate, a superalloy substrate, magnetic
alloy substrates, a semi-conductor substrate, polymer com-
posite substrates, conductive polymer substrates, metal-poly-
mer substrates, and/or the like.

[0018] In various embodiments, the foil 210 may be a
highly-customizable structure. Foil 210 may also be eco-
nomically produced. Foil 210 may be planar. Foil 210 may
also be shaped, bent, folded and/or otherwise distorted into a
three-dimensional structure. In this regard, foil 210 may also
be non-planar.

[0019] In various embodiments, electronic assembly 200
may further comprise one or more electrical elements. For
example, electronic assembly 200 may comprise a first elec-
trical element 220, a second electrical element 222, a third
electrical element 224, a fourth electrical element 226, a fifth
electrical element 228, and a sixth electrical element 230.
These electrical elements may be any suitable electronic
component and/or structure. These electrical elements may
have conductive properties, semi-conductor properties, and/
or insulating properties. For example, these electrical ele-
ments may be connectors, interfaces, electrical components
including, for example, resistors, capacitors, switches, coils,
inductors, transformers, heaters, and/or the like, and/or any
other suitable conductive components, semiconductor com-
ponents, and/or insulating components. Moreover, each con-
ductive component may be created with a particular material
configured to meet the purpose of the conductive component
structure. For example, a first electrical element 220 may be
made with a conductive ink via a direct write manufacturing
process. The first electrical element 220 may create an elec-
trical relay between a first portion of a foil 210 and a second
portion of the foil 210. Second electrical element 222 may be
made from a semiconductor material that may be operatively
coupled to foil 210 and may be configured to perform a
specified function, including, for example, a memory func-
tion, a processing function, and/or the like. Moreover, the
second electrical element 222 may be operatively coupled via
a conductive structure to foil 210 such that the semiconductor
structure is an electronic communication with foil 210.
[0020] In various embodiments, the various conductive
structures such as, for example, structure 232, defined on orin
foil 210 may be defined substantially in plane or in shape in a
void 212 generally created and/or defined by a foil 210. In this
regard, where the structure is substantially in plane, the thick-
ness of the structure may be substantially less than or equal to
the thickness of foil 210. A conductive structure 234 may also
be defined on the various structures defined by foil 210. In this
regard, conductive structure 234 may be defined substantially
out of the plane defined by foil 210. The structure may have a
thickness that is detectable above the plane and/or surface
defined by foil 210. Moreover, the structure may be com-
prised of a plurality of layer that are capable of functioning as
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an electrical and/or electronic component. However, where
the structure is a connection and/or is a single layer, the
structure may have a thickness that is not substantially greater
than foil 210. For example, a first electrical element 220 may
be defined within one or more voids defined by foil 210. In
this regard, first electrical element 220 may be in plane with a
particular shape or plane defined by foil 210 such that, the
thickness of an electrical element (e.g., first electrical element
220) is not greater than the thickness of foil 210. Another
electrical element such as for example, sixth electrical ele-
ment 230 may be defined on structure that defines foil 210. In
this regard, sixth electrical element 230 may be out of plane
with the plane and/or shape defined by foil 210. Moreover, the
out of plane electrical element (e.g., sixth electrical element
230) may be used as an interface point between one or more
foils 210 and/or other suitable interfaces. For example, an out
of'plane electrical element (e.g., sixth electrical element 230)
may be used as an interface between a one or more foils 210,
and an electrical connection to monitoring system and/or
controller.

[0021] Invarious embodiments and with reference to FIG.
3,anelectrical assembly 300 may comprise a plurality of foils
including, for example, first foil 310, second foil 312, third
foil 314, and/or the like. Electrical assembly 300 may com-
prise any suitable number of structures. Moreover, electrical
assembly 300 may comprise a plurality of electrical struc-
tures and/or electrical elements, for example, first electrical
structure 320, second electrical structure 322, third electrical
structure 324, fourth electrical structure 326, fifth electrical
structure 328, sixth electrical structure 330, seventh electrical
structure 332 and/or the like. These structures may be con-
ductive structures, semi-conductive structures, insulating
structures, and/or the like. For example, electrical assembly
300 may comprise a first electrical structure 320 that is
defined within a plane of a first foil 310. Electrical assembly
300 may further comprise second electrical structure 322 and
a third electrical structure 324 that are configured to couple a
first foil 310 to a second foil 312. In this regard, second
electrical structure 322 and third electrical structure 324 may
be conductive and/or semi-conductive.

[0022] In various embodiments, an electrical component
such as, for example, fourth electrical structure 326 may be a
suitable semiconductor structure. The semiconductor struc-
ture may include, for example, a processor and/or a memory.
Fourth electrical structure 326 may be defined on a compli-
mentary structure of second foil 312 and/or third foil 314. In
this regard, fourth electrical structure 326 may be electronic
communication with the various components of electrical
assembly 300. Moreover, fifth electrical structure 328 may be
a connector configured to couple two or more foils together
such as, for example, by coupling second foil 312 to third foil
314 and/or first foil 310. In this regard, a portion of fifth
electrical structure 328 may be out of plane with second foil
312 and may be in plane with at least one of first foil 310
and/or third foil 314. Moreover, sixth electrical structure 330
and seventh electrical structure 332 may be complimentary
structures that are formed from conductive and/or semicon-
ductor materials. These complimentary structures may be
deposited on one of first foil 310, second foil 312, third foil
314, and/or the like. The complimentary structures may be
configured to perform an electrical functions and/or semicon-
ductor function. For example, sixth electrical structure 330
and seventh electrical structure 332 may be configured as a
switch, a capacitor, an inductive generator, and/or the like.
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[0023] In various embodiments, the customizability of the
various foils, electrical structures and components (e.g., com-
ponents and structures with conductor, semiconductor, and/or
insulator properties) make hybrid direct write-foil manufac-
turing processes and structures an efficient and cost effective
solution for creating electronic components. The processes
and structures discussed herein provide a unique, efficient,
light-weight solution for creating sensors and/or other solid
state electronic devices employed in various applications.

[0024] Benefits, other advantages, and solutions to prob-
lems have been described herein with regard to specific
embodiments. Furthermore, the connecting lines shown in
the various figures contained herein are intended to represent
exemplary functional relationships and/or physical couplings
between the various elements. It should be noted that many
alternative or additional functional relationships or physical
connections may be present in a practical system. However,
the benefits, advantages, solutions to problems, and any ele-
ments that may cause any benefit, advantage, or solution to
occur or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to be
limited by nothing other than the appended claims, in which
reference to an element in the singular is not intended to mean
“one and only one” unless explicitly so stated, but rather “one
or more.” Moreover, where a phrase similar to “at least one of
A, B, or C” is used in the claims, it is intended that the phrase
be interpreted to mean that A alone may be present in an
embodiment, B alone may be present in an embodiment, C
alone may be present in an embodiment, or that any combi-
nation of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C, or A
and B and C.

[0025] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to “vari-
ous embodiments”, “one embodiment”, “an embodiment”,
“an example embodiment”, etc., indicate that the embodi-
ment described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, struc-
ture, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of
one skilled in the art to affect such feature, structure, or
characteristic in connection with other embodiments whether
or not explicitly described. After reading the description, it
will be apparent to one skilled in the relevant art(s) how to
implement the disclosure in alternative embodiments.

[0026] Furthermore, no element, component, or method
step in the present disclosure is intended to be dedicated to the
public regardless of whether the element, component, or
method step is explicitly recited in the claims. No claim
element herein is to be construed under the provisions of 35
U.S.C. 112(f), unless the element is expressly recited using
the phrase “means for”” As used herein, the terms “com-
prises”, “comprising”, or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus.
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What is claimed is:

1. A method, comprising:

producing a first foil from a metal substrate by at least one
of an etching process or micro-machining process,
wherein the foil is a portion of a circuit;

writing a first structure by depositing conductive material
via a direct write manufacturing process to the first foil,
wherein the first structure is substantially in a plane
defined by the first foil; and

writing a second structure by depositing conductive mate-
rial via the direct write manufacturing process to the first
foil, wherein at least a portion of the second structure is
substantially out of the plane defined by the first foil.

2. The method of claim 1, further comprising pre-process-
ing the first foil, wherein the pre-processing includes treating
the foil to facilitate bonding of at least one of the first structure
or the second structure.

3. The method of claim 1, further comprising post-process-
ing an electronic assembly, wherein the electronic assembly
comprises the foil, the first structure and the second structure.

4. The method of claim 1, wherein the first structure is at
least one of a connector or an electronic component.

5. The method of claim 1, wherein the second structure is at
least one of a connector and an electronic component.

6. The method of claim 1, further comprising coupling a
second foil to the second structure.

7. The method of claim 6, further comprising writing a
third structure to the second foil by depositing conductive
material via the direct write manufacturing process to the
second foil.

8. An electronic assembly, comprising:

a first foil, wherein the first foil is produced from a metal

substrate;

a first electrical element deposited via a direct write manu-
facturing process in a void defined by the first foil,
wherein the first electrical element is coupled to a first
portion of the first foil; and

a second electrical element deposited via the direct write
manufacturing process on a second portion of the first
foil.

9. The electronic assembly of claim 8, wherein the first

electrical element is in a plane defined by the first foil.

10. The electronic assembly of claim 8, wherein the first
foil is shaped to form a surface.

11. The electronic assembly of claim 8, wherein the first
electrical element is made of a first material and the second
electrical element is made of a second material.

Jan. 14, 2016

12. The electronic assembly of claim 8, wherein the first
electrical element is an electrical component and the second
electrical element is a connection.

13. The electronic assembly of claim 8, further comprising
a second foil in electronic communication with the first foil,
the second foil operatively coupled to the second electrical
element.

14. The electronics assembly of claim 8, wherein the first
electrical element is made from a conductive ink.

15. An electrical assembly, comprising:

a plurality of foils;

a plurality of conductive structures configured to facilitate
electronic communication between individual foils of
the plurality of foils;

a first conductive structure of the plurality of conductive
structures, the first conductive structure coupled to a first
foil of the plurality of foils, the first conductive structure
deposited in a void defined by the first foil, wherein the
first conductive structure is printed with a conductive
ink;

a second conductive structure of the plurality of conductive
structures, the second conductive structure coupled to
the first foil and a second foil;

a third conductive structure of the plurality of conductive
structures, the third conductive structure coupled to at
least one of the first foil and the second foil, the third
conductive structure being an electrical component,
wherein the third conductive structure is printed with the
conductive ink.

16. The electrical assembly of claim 15, wherein the first
conductive surface is substantially within a plane defined by
the first foil.

17. The electrical assembly of claim 15, wherein the elec-
trical component is at least one of a resistor, a capacitor, or a
switch.

18. The electrical assembly of claim 15, wherein the first
foil and the second foil are shaped as surfaces with substan-
tially similar shapes.

19. The electrical assembly of claim 15, wherein the sec-
ond conductive surface is printed on a conductive structure
defined in the first foil.

20. The electrical assembly of claim 15, wherein the first
foil and the second foil are copper.
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