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(57) Abstract: An integrated circuit that includes a substrate having a shape memory material (SMM), the SMM is in a first de -
formed state and has a first crystallography structure and a first configuration, the SMM is able to be deformed trom a first configur -
ation to a second configuration, the SMM changes to a second crystallography structure and deforms back to the first configuration
upon receiving energy, the SMM returns to the first crystallography structure upon receiving a different amount of energy; and an
electronic component attached to substrate. In other forms, the SMM is in a first deformed state and has a first polymeric conforma -
tion and a first contiguration, the SMM changes from a first polymeric conformation to a second polymeric conformation and be de-
formed from a first configuration to a second contiguration, the SMM changes returns to the first polymeric conformation and de -
forms back to the first configuration upon receiving energy.
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INTEGRATED CIRCUIT AND METHOD THAT
UTILIZE A SHAPE MEMORY MATERIAL

Priority Claim
100061} This patent application clairus the benefit of priority to U.S.
Application Serial No. 14/866,648, filed September 25, 2015, which is incorporated

by reference herein in its entirety.

Technical Field
100062} Embodiments described herein generally relate to an integrated circuit
and method, and more particularly to an integrated circuit and method that utilize a

shape memory material.

Background
10633} Conventional integrated circuits and methods typically include rigid
flex packages that are manually folded into their final and unchangeable state. In
addition, conventional integrated circuits and methods sometimes utilize flexible
hinges, joints and cabling to connect rigid sub-assembilies.
10004} The types of known integrated circuits and methods are usually limited
in package design, and have problematic issues with balancing stress and deformation
response for different applications. In addition, conventional integrated circuits and
methods are typically unable to provide flexibility in packaging and applications that
require changing physical configurations.
0005} The development of cloud computing, smart sensors, tlexible
electronics and all other supporting technologies should lead to an expansion in the
nuruber of coruputing applications across different market segments in the future.
However, as the devices become thinner, lighter and smaller, innovative design and

manufacturing processes may be required in order to meet the various complex
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exterior shapes/contours that will be needed for final electronic products. The need
for flexibility in the shape of electronic systerus is ever increasing such that there is a
need for devices that may take more than shape {e.g., during operation of the
electronic system or for packaging of the clectronic systems — among many other

potential applications).

Brief Description of the Drawings
10006} FIG.1is a schematic view tllustrating an example activation and
physical shape change sequence for a shape memory material.
10667} FIG. 2 1s a schematic view simtlar to FIG. 1 where the shape memory
material is physically deformed before the illustrated example activation and physical
shape change sequence.
10008} FIGS. 3A-3E show an example integrated circuit that includes a shape
merory material.
[0009] FI(G. 4 shows stress-strain-temperature relationships and the associated
phase transformations for an example metallic shape memory material.
10610} FIGS. SA-5D show another example integrated circuit that includes a
shape memory material.
0611} FIG. 6 illustrates a simplified schematic side view of an activation and
physical deformation sequence for an example substrate that includes electronic
components and a shape memory maternial.
10612} FIG. 7 shows an example process flow for using a substrate that
includes a shape memory material.
10613} FIGS. 8A and 8B show additional and more detailed example process
flows for using a substrate that includes a shape memory material.
10614} FIGS. 9A and 9B show another example process flow for embedding
an SMM into a substrate and transforming the shape memory material into a different
configuration.
{00615} FIG. 10 1s a flow diagram illustrating an example method of using an
integrated circuit.
10816} FIG. 11 is a block diagram of an electronic apparatus that includes the

electronic assemblies and/or the electronic packages described herein.
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Description of Embodiments
10017} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
10618} The integrated circuits and methods described herein utilize shape
memory materials, which include, but are not limited to, shape memory alloys and
shape memory polymers. Shape memory materials have unique properties that permit
it to change shape upon activation by a particular type of energy. By using shape
memory materials that may be simply activated and physically deformed, the shape
memory materials may be incorporated into substrates for use in a variety of
electronic devices.
10019} The integrated circuits and methods described herein may reduce the
need for rigid flex packages that are manually folded into their final and unchangeable
state. In addition, the integrated circuits and methods described herein may not
require the use of tlexible hinges, joints and cabling that 1s typically used to connect
rigid sub-assemblies. The integrated circuits and methods may also provide more
freedom in package design, balancing stress and deformation response for a variety of
different applications.
10626} The shape memory materials may provide flexibility in packaging and
applications that require changing physical configurations. The shape memory
materials may allow the integrated circuits that include such shape memory materials
to bave more than one physical configuration. The shape memory materials may
undergo a shape change one time, or multiple times through repeated deformation and
activation by a particular type of energy.
10021} FIG. 1 is a schematic view tllustrating an example activation and
physical deformation sequence for a shape memory material. FIG. 2 is a schematic
view similar to FIG. 1 where the shape memory material is physically deformed
betore the illustrated example activation and physical deformation sequence.
10022} FIGS. 3A-3E show an integrated circuit 35 The integrated circuit 35

includes a substrate 30 having a shape memory material 31 {see FIG. 3A). The shape

[#5)
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memory material 31 is then placed in a first physically deformed state and has a first
crystallography structure and a first configuration (see FIG. 3B). As an example, the
shape memory material 31 may be a shape memory alioy {(among other types of
materials).

10623} The shape memory material 31 is able to be physically deformed from
a first configuration to a second configuration (see FIG. 3C). The shape memory
material 31 changes to a second crystallography structure and physically deforms
back to the first configuration upon being supplied with energy (see FIG. 3D). The
shape memory material 31 returns to the first crystallography structure upon
application of a different amount of energy (see FIG. 3E) (e.g., removing the energy
entirely). As an example, the shape memory material 31 may cool down and assume
a lower temperature stable phase when the energy is no longer supplied to the shape
memory material 31,

16024} In some forms, one or more electronic components 32, 33 may be
attached to the substrate 30, The type of electronic components that are included in
the integrated circuit 35 will depend in part on the application where the integrated
circuit 35 1s to be used (among other factors).

10625} As gxamples, the shape memory material 31 may change to a second
crystallography structure and physically deform back to the first configuration upon
being supplied with at least one of electrical, thermal, mechanical or ultra-violet
energy (among other types of energy). The type of energy that is used will depend in
part on the manufacturing processes and types of matenals that are included in the
integrated circuit 35

10626} In the example form that 15 tHlustrated in FIGS. 3A-3E, the shape
memory material 31 is embedded in the substrate 30. It should be noted that other
torms are contemplated where the shape memory material 31 1s partially embedded in
the substrate 30, or merely attached to the substrate 30 using any process that is
known now, or discovered in the future.

10627} FIG. 4 shows stress-strain-temperature relationships and the associated
phase transformations for an example metallic shape memory material (e g,
NITINOL). It should be noted that a variety of shape memory materials are

contemplated for inclusion into the integrated circuit 35 and the corresponding stress-
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strain-temperature relationships for those materials may be different than the stress-
strain-temperature relationships shown 1o FIG. 4.

10028} In some forms, the integrated circuit 35 includes a plurality of
electronic components 32, 33 that are attached to the substrate 30. In some forms, at
feast two of the plurality electronic components 32, 33 are electrically connected
when the substrate 30 is in at least one of the first configuration or the second
configuration. In other forms, the electronic components 32, 33 are electrically
connected when the substrate 30 1s in both the first configuration and the second
configuration. In still other forms, the electronic components 32, 33 are not
electrically connected when the substrate 30 is in both the first configuration and the
second configuration.

10629} A variety of electronic components may be used in the integrated
circuit 35 As examples, the electronic components may include at least one of an
electronic package, a display, an antenna, a power source, or display (among various
other types of electronic components).

10636} The integrated circuit 35 may fusther include at least one of a textile, a
chassis, and/or a printed circuit board (none are shown) that is attached to the
substrate 30. It should be noted that a variety of items are contemplated for
attachment to the substrate 30. The item (or items) that are attached to the substrate
30 will depend in part on the application for the integrated circuit 35 (among other
factors). Any item that is attached to the substrate 30 may {(or may not} include a
shape memory material, ot be readily deformable in order to move with the substrate
30 as the substrate 30 is activated and deactivated. In addition, forms of the
integrated circuit 35 are contemplated where the item that is attached to the substrate
30 1s rigid and only the substrate 30 deforms upon activation.

10031} FIGS. 5A-5E are schematic views of an example integrated circuit 50,
Integrated circuit 55 includes a substrate 50 that includes a shape memory material 51
(see F1G. SA). The shape memory material 51is in a first physically deformed state
and has a first polymeric conformation and a first configuration (see FIG. 5B).

100632} The shape memory material 51 is able to change from a first polymeric
conformation to a second polymeric conformation and be physically deformed from a
first configuration to a second configuration {see FIG. 5C). The shape memory

material 51 returns to the first polymeric conformation and physically deforms back to
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the first configuration upon being supplied with energy (see FIG. 5D}, Asan
example, the shape memory material 31 may be a shape memory polymer or polymer
composite {among other types of materials}).

10033} Stmilar to integrated circuit 35 described above, the integrated circuit
55 may tnclude a variety of electronic components 52, 53 that are attached to the
substrate S0, The number and type of electronic components that are attached to the
substrate SO will depend in part on the application where the integrated circuit 55 is to
be used.

10034} In some forms, the shape memory material 51 changes to the first
polvmeric conformation and physically deforms back to the first configuration upon
being supplied at least ove of electrical, thermal, magnetic or ultra-violet energy
{among other types of energy). In some forms, the shape memory material 51
maintains the first polymeric confirmation upon removal of the energy. The types of
energy that are supplied to the shape memory material 51 will depend in part on the
manufacturing processes and materials that are used in the integrated circuit 55.
{6035} In the example form that is tllustrated in FIGS, 5A-5D, the shape
memory material 51 is embedded in the substrate 50. It should be noted that other
forms are contemplated where the shape memory material 51 is partially embedded in
the substrate 50, or merely attached to the substrate 50 using any process that is
known now, or discovered in the future.

0036} In some forms, the integrated circuit 55 includes a plurality of
electronic components 52, 53 that are attached to the substrate 50. In some forms, at
least two of the plurality electronic components 52, 53 are electrically connected
when the substrate 50 1s in at least one of the first configuration or the second
configuration. In other forms, the electronic components 52, 53 are electrically
connected when the substrate 50 1s in both the first configuration and the second
configuration. In still other forms, the electronic components 52, 53 are not
electrically connected when the substrate 50 is in both the first configuration and the
second configuration.

10637} The integrated circuit 55 may further include at least one of a textile, a
chassis, and/or a printed circuit board (none are shown) that is attached to the
substrate 50. It should be noted that a variety of items are contemplated for

attachment to the substrate 50. The itern {or items) that are attached to the substrate

&



10

15

20

25

30

WO 2017/052931 PCT/US2016/048466

50 will depend in part on the application for the integrated circuit 55 (among other
factors). Any item that is attached to the substrate 50 may (or may not) include a
shape memory material, or be readily deformable in order to move with the substrate
50 as the substrate 50 15 activated and deactivated. In addition, forms of the
integrated circuit 55 are contemplated where the item that is attached to the substrate
50 1s rigid and only the substrate 50 deforms upon activation.

10638} FIG. 6 illustrates a simplified schematic view of an activation and
physical deformation sequence for an example substrate 61 that includes electronic
components 62 and a shape memory material (not visible in FIG. 6). It should be
noted that the substrate 6 1lmay move back and forth in etther direction for the
substrate 61 shown in FIG. 6 depending on the configuration of initial trained state for
the substrate 61. In addition, it should be noted that the substrate 61 may have
numerous other configurations, and be transtformed into numerous different types of
shapes. It should be noted that the configurations for the activated and deactivated
states of the shape memory material will depend on the application where the
integrated circuit is to be used.

0039} FIG. 7 shows an example process tlow for using a substrate that
includes a shape memory material. FIGS. 8A-8B show additional and more detailed
example process flows for using a substrate that includes a shape memory material.
100640} FIGS. 9A and 9B show example process flows for embedding a shape
memory material into a substrate and transforming the shape memory material into a
ditferent configuration.

100411 FiG. 10 is flow diagram illustrating an example method 100 of using
an integrated circuit. The method [100] includes [110] attaching a shape memory
material to a substrate and [120] physically deforming the shape memory material
from a first configuration to a second configuration.

10042} The method [ 100} further includes [130] applying energy to the shape
mermory material. Applying energy to the shape memory material changes the shape
mermory material from the second configuration to the first configuration.

10043} In some forms, applying energy to the shape memory material includes
applying at least one of electrical, thermal, magnetic or ultra-violet energy to the

shape memory material. The type of energy that is applied to the shape memory
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material will depend in part on the manufacturing processes and materials that are
used to fabricate the integrated circuit (among other factors).

10644} In some forms, the method further includes [105] physically deforming
the shape memory material into the first configuration before (or after) attaching the
shape memory material to the substrate. This initial physical deformation may be
referred to as training the shape memory material to be in the first configuration.
10045} The method may further include [140] attaching a plurality of
electronic components to the substrate. In some forms, physically deforming the
shape memory material from the first configuration to the second configuration
includes electrically connecting one electronic component to another electronic
component. Tn other forms, the electronic components are never electrically
connected no matter whether the shape memory material is in the first configuration
or the second configuration. In still other forms of the method [100], the electronic
components are electrically connected when the shape memory material is in both the
first configuration and the second configuration.

10646} In some forms, the method may further include [150] attaching the
substrate to at least one of a textile, a chassis and/or a printed circuit board. As
discussed above relative to integrated circuits 35, 53, the type of item that it is
attached to the substrate will depend in part on the application where the integrated
circuit 18 to be used (among other factors).

10047} 1t should be noted that the order of the operations described herein
relative to the method {100} may be performed in any order besides the order that is
shown specifically in FIG. 10. The order in which the operations are performed will
depend in part o the types of ruaterials that are used in the method [100] as well as
the desired application for the integrated circuits that are fabricated using the method
[100] It should be noted that activation to the final configuration may happen after a
system-level test, or at various times during the manufacturing processes.

10048} The order of operations for the method [ 100] will also depend in part
on whether the shape memory material s metallic or a polymer (i.e., compare FIGS.
3A-3E with FIGS. 5A-5D). In addition, the shape memory material may or may not
be trained depending on where and when the various operations of the method [100]

take place.
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10049} In some forms, no activation of the shape memory material takes place
during assembly to another device in order to simplity the assernbly process. The
shape memory material may be prevented from activation either by attaching the
shape memory material near the end of the assembly process or selecting a shape
memory material with a high activation temperature that is not reached during the
assembly process. It should be noted that forms of the method are contemplated
where the shape memory material gets activated and physically deforms to a final
shape after a system level test or during end consumer use {among other applications).
10056} FIG. 11 15 a block diagram of an electronic apparatus 1100
incorporating at ieast one integrated circuit and/or method described herein.
Electronic apparatus 1100 15 merely one example of an electronic apparatus in which
forms of the integrated circuits and/or methods described herein may be used.
Examples of an electronic apparatus 1100 include, but are not limited to, personal
computers, tablet computers, mobile telephones, game devices, MP3 or other digital
media players, etc. In this example, electronic apparatus 1100 comprises a data
processing system that includes a system bus 1102 to couple the various components
of the electronic apparatus 1100, System bus 1102 provides communications links
among the various components of the electronic apparatus 1100 and may be
implemented as a single bus, as a combination of busses, or in any other suitable
manner.

{0051} An electronic apparatus 1100 as describe herein may be coupled to
syster bus 1102, The electronic apparatus 1100 may include any circuit or
combination of circuits. In one embodiment, the electronic apparatus 1100 includes a
processor 1112 which can be of any type.  As used herein, “processor” means any
type of computational circuit, such as but not limited to a microprocessor, a
microcontrolier, a complex instruction set computing (CISC) microprocessor, a
reduced 1nstruction set computing (RISC) microprocessor, a very long instruction
word (VLIW )} microprocessor, a graphics processor, a digital signal processor (DSP),
multiple core processor, or any other type of processor or processing circut.

10052} Other types of circuits that may be included in electronic apparatus
1100 are a custom circuit, an application-specific integrated circuit {ASIC), or the
like, such as, for example, one or more circuits {such as a communications circuit

1114) for use 1n wireless devices like mobile telephones, tablet computers, laptop



10

15

20

25

30

WO 2017/052931 PCT/US2016/048466

computers, two-way radios, and similar electronic systems. The IC can perform any
other type of function.

{0653} The electronic apparatus 1100 may also include an external memory
1120, which 1n turn may include one or more memory elements suitable to the
particular application, such as a main memory 1122 in the form of random access
mermory (RAM), one or more hard drives 1124, and/or one or more drives that handle
removable media 1126 such as compact disks (CD), flash memory cards, digital video
disk (DVD), and the like.

[00654] The electronic apparatus 1100 may also include a display device 1116, one or
more speakers 1118, and a keyboard and/or controller 1130, which can include a
mouse, trackball, touch pad, voice-recogmtion device, or any other device that
permits a system user to input information into and receive information from the
electronic apparatus 1100,

10055} To better illustrate the integrated circuits and/or methods disclosed
herein, a non-limiting list of examples is provided herein:

[0636] Example 1 includes an integrated circuit. The integrated circuit
includes a substrate that includes a shape memory material, wherein the shape
memory material is in a first deformed state and has a first crystallography structure
and a first configuration, wherein the shape memory material is able to be physically
deformed from a first configuration to a second configuration, wherein the shape
memory material changes to a second crystallography structure and physically
deforms back to the first configuration upon being supplied with energy, wherein the
shape memory material returns to the first crystallography structure upon application
of a different amount of energy; and an electronic component attached to substrate.
10657} Example 2 includes the integrated circutt of example 1, wherein the
shape memory material changes to a second crystallography structure and physically
deforms back to the first configuration upon being supplied with at least one of
electrical, thermal, magnetic, mechanical or ultra-violet energy.

10658} Example 3 includes the integrated circuit of any one of examples 1 to
2, wherein the shape memory material is embedded in the substrate.

[0059] Example 4 includes the integrated circuit of any one of examples 1 to
3, wherein the shape memory material returns to the first crystallography structure

upon removal of the energy.
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10060} Example 5 includes the integrated circuit of any one of examples 1 to
4, and further including a plurality electronic components attached to substrate,
wherein at least two of the plurality electronic components are electrically connected
when the substrate 1s in at least one of first configuration or the second configuration.
10061} Example 6 includes the integrated circuit of any one of examples 1 to
5, wherein one of the plurality electronic components 1s at least one of an electronic
package, a display, an antenna, a power source or a display.

10062} Example 7 includes the integrated circuit of any one of examples 1 to
6, and further including at least one of a textile, chassis, and printed circuit board
attached to the substrate.

10663} Example 8 includes an integrated circuit. The integrated circuit
includes a substrate that includes a shape memory material, wherein the shape
memory material 15 1o a first physically deformed state and has a first polymeric
conformation and a first configuration, wherein the shape memory material is able to
change from a first polymeric conformation to a second polymeric conformation and
be physically deformed from a first configuration to a second configuration, wherein
the shape memory material changes returns to the first polymeric conformation and
physically deforms back to the first configuration upon being supplied with energy;
and an electronic component attached to substrate.

0664} Example 9 includes the integrated circuit of example 8, wherein the
shape memory material changes to the first polymeric conformation and physically
deforms back to the first configuration upon being supplied with at least one of
electrical, thermal, magnetic or ultra-violet energy.

10665} Example 10 includes the integrated circuit of any one of examples 8 to
9, wherein the shape memory material is embedded in the substrate.

10066} Example 11 includes the integrated circuit of any one of examples 8 to
10, wherein the shape memory material matntains the first polymeric conformation
upon removal of the energy.

0667} Example 12 includes the integrated circuit of any one of examples 8 to
11, and further including a plurality electronic components attached to the substrate,
wherein at feast two of the plurality electronic components are electrically connected
when the substrate is in at least one of the first configuration or the second

configuration.
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10068} Example 13 includes the integrated circuit of example of any one of
examples 8 to 12, wherein ove of the plurality electronic components is at least one of
an electronic package, a display, an antenna, a power source or a display.

10069} Example 14 includes the integrated circuit of example of any one of
examples 8 to 13, and further including at least one of a textile, chassis, and printed
circuit board attached to the substrate.

10676} Example 15 includes a method. The method includes attaching a shape
memory material to a substrate; physically deforming the shape memory material
from a first configuration to a second configuration; and applying energy to the shape
memory material such that the shape memory material changes from the second
configuration to the first configuration.

16071} Example 16 includes the method of example 15, wherein applying
energy to the shape memory material such that the shape memory material changes
from the second configuration to the first configuration includes applying at least one
of electrical, thermal, magnetic or ultra-violet energy to the shape memory material.
10672} Example 17 includes the method of any one of examples 15 to 16, and
turther including physically deforming the shape memory matenial into the first
configuration before attaching the shape memory material to the substrate.

10673} Example 18 includes the method of any one of examples 15t 17, and
further including attaching a plurality electronic compouents to the substrate, wherein
physically deforming the shape memory material from a first configuration to a
second configuration includes electrically connecting the first electronic component to
the second electronic component.

10674} Example 19 includes the method of any one of examples 15 to 18, and
further including attaching a plurality electronic components to the substrate, wherein
applying energy to the shape memory material such that the shape memory material
changes from the second configuration to the first configuration includes electrically
connecting the first electronic component to the second electronic component.

10675} Example 20 includes the method of any one of examples 15 to 19, and
further including attaching the substrate to at least one of a textile, chassis, and printed
circuit board.

10676} The above detailed description includes references to the

accompanying drawings, which form a part of the detailed description. The drawings
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show, by way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “examples.” Such
examples can include elements in addition to those shown or described. However, the
present inventors also contemplate examples in which only those elements shown or
described are provided. Moreover, the present inventors also contemplate examples
using any combination or permutation of those elements shown or described (or one
or more aspects thereof), etther with respect to a particular example {or one or more
aspects thereof), or with respect to other examples {or one or more aspects thereot)
shown or described herein.

10677} In this document, the terms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the term
“or” 15 used to refer to a nonexclusive or, such that “A or B” includes “A but not B,”
“Bbutnot A and “A and B)” unless otherwise indicated. In this document, the
terms “including” and “in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the following claims, the
terms “including” and “comprising” are open-ended, that i1s, a system, device, article,
composition, formulation, or process that inchudes elements in addition to those listed
after such a term in a claim are still deemed to fall within the scope of that claim.
Moreover, in the following claims, the terms “first,” “second,” and “third,” etc. are
used merely as labels, and are not intended to impose numerical requirements on their
objects.

10678} The above description is intended to be illustrative, and not restrictive.
For example, the above-described examples {or one or more aspects thereof) may be
used in combination with each other. Other embodiments can be used, such as by one
of ordinary skill in the art upon reviewing the above description.

10679} The Abstract is provided to allow the reader to quickly ascertain the
nature of the technical disclosure. It 1s submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the claims.

0080} Also, in the above Detailed Description, various features may be
grouped together to streambine the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather,

inventive subject matter may lie 1o less than all features of a particular disclosed

13
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embodiment. Thus, the following claims are hereby incorporated into the Detailed
Description, with each claim standing on 1ts own as a separate embodiment, and it 13
contemplated that such embodiments can be combined with each other in various
combinations or permutations. The scope of the invention should be determined with
reference to the appended claims, along with the full scope of equivalents to which

such claims are entitied.

14
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Claims

1. An integrated circuit, comprising:

a substrate that includes a shape memory material, wherein the shape memory
material ts in a first deformed state and has a first crystallography structure and a first
configuration, wherein the shape memory material is able to be physically deformed
from a first configuration 1o a second configuration, wherein the shape memory
material changes to a second crystallography structure and physically deforms back to
the first configuration upon being supplied with energy, wherein the shape mermory
material returns to the first crystallography structure upon application of a different
amount of energy; and

an electronic component attached to substrate.

2. The integrated circuit of claim 1, wherein the shape memory material changes
to a second crystallography structure and physically deforms back to the first
configuration upon being supplied with at least one of electrical, thermal, magnetic,

mechanical or ultra-violet energy.

3. The integrated circuit of claim 1, wherein the shape memory material is

ermbedded in the substrate.

4. The integrated circuit of claim 1, wherein the shape memory material returns

to the first crystallography structure upon removal of the energy.

5. The integrated circuit of claim 1, further comprising a plurality electronic
components attached to substrate, wherein at least two of the plurality electronic
components are electrically connected when the substrate 1s in at least one of first

configuration or the second configuration.

6. The tntegrated circuit of claim S, wherein one of the plurality electronic
components 1s at least one of an electronic package, a display, an antenna, a power

source or a display.
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7. The integrated circuit of claim 1, further comprising at least one of a textile,

chassis, and printed circuit board attached to the substrate.

8. An integrated circuit, comprising:

a substrate that includes a shape memory material, wherein the shape memory
material is in a first physically deformed state and has a first polymeric conformation
and a first configuration, wherein the shape memory material is able to change from a
tirst polymeric conformation to a second polymeric conformation and be physically
deformed from a first contfiguration to a second configuration, wherein the shape
memory material changes returns to the first polymeric conformation and physically
deforms back to the first configuration upon being supplied with energy; and

an electronic component attached to substrate.

9. The integrated circuit of claim 8, wherein the shape memory material changes
to the first polymeric conformation and physically deforms back to the first
configuration upon being supplied with at least one of electrical, thermal, magnetic or

ultra-violet energy.

10. The integrated circuit of claim 8, wherein the shape memory material is

ermbedded in the substrate.

11 The integrated circuit of claim 8, wherein the shape memory material

maintains the first polymeric conformation upon removal of the energy.

12, The integrated circuit of claim 8, further comprising a plurality electronic
components attached to the substrate, wherein at least two of the plurality electronic
components are electrically connected when the substrate 1s in at least one of the first

configuration or the second configuration.

13, The integrated circuit of claim 12, wherein one of the plurality electronic
components 1s at least one of an electronic package, a display, an antenna, a power

source or a display.
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14. The integrated circuit of claim 8, further comprising at least one of a textile,

chassis, and printed circuit board attached to the substrate.

1S, A method of using an integrated circuit, comprising:

attaching a shape memory material to a substrate;

physically deforming the shape memory material from a first configuration to
a second configuration; and

applying energy to the shape memory material such that the shape memory

material changes from the second configuration to the first configuration.

16, The method of claim 15, wherein applying energy to the shape memory
material such that the shape memory material changes from the second configuration
to the first configuration includes applying at least one of electrical, thermal, magnetic

or ultra-violet energy to the shape memory material.

17. The method of claim 15, further comprising physically deforming the shape
memory material into the first configuration before attaching the shape memory

material to the substrate.

18 The method of claim 15, further comprising attaching a plurality electronic
components to the substrate, wherein physically deforming the shape memory
material fror a first configuration to a second configuration includes electrically

connecting the first electronic component to the second electronic component.

19, The method of claim 15, further comprising attaching a plurality electronic
components to the substrate, wherein applying energy to the shape memory material
such that the shape memory material changes from the second configuration to the
first configuration includes electrically connecting the first electronic component to

the second electronic component.

20. The method of claim 15, further comprising attaching the substrate to at least

one of a textile, chassis, and printed circuit board.
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