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SHAPE CHANGEABLE MATERIAL HAVING
INHERENT SHAPES USING
HIERARCHICAL STRUCTURE AND
ELECTRODE HAVING SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a shape change-
able material having inherent shapes using a hierarchical
structure, and an electrode having the shape changeable
material, and more particularly, to a shape changeable
material, wherein a plurality of unit cells having changeable
relative locations are connected to each other and a shape of
the shape changeable material may be changed to inherent
shapes according to relative location change (displacement)
of the unit cells, and an electrode manufactured by using the
shape changeable material.

BACKGROUND ART

[0002] Most materials have a unique shape which is
optimized for properties and functions of the materials.
However, some materials may lose some functions by a
specific stimulus, and external shapes thereof may be
deformed.

[0003] When structural and morphological characteristics
of a material are changed by a specific stimulus, such as
external force or temperature, such changes are determined
to be mechanical instability in general mechanical view-
points, and thus may be considered as malfunction, but
inventors of the present disclosure thought such changes
may be used to suggest a new type of material.

[0004] For example, a new material, such as a shape
memory alloy, remembers an original shape even when it is
deformed by applying force thereto, and thus has a charac-
teristic of returning to the original shape when heat having
a certain temperature or higher is applied thereto. Specifi-
cally, when a condition of a predetermined temperature or
higher is satisfied, a shape of the material itself is changed
while an arrangement of embedded crystals of the material
is changed. In mechanical viewpoints, such a shape memory
alloy may be evaluated as an unstable material that fails to
maintain a standardized shape under a certain environment,
but when such characteristics are used, the shape memory
alloy is used in various fields, such as artificial organs,
medical devices such as a bone-setting plate for orthopedics,
and fire alarms.

[0005] Stem cells are undifferentiated cells having an
ability to be differentiated into various body tissues. More-
over, stem cells have so-called pluripotency characteristics
that the stem cells may be grown into any organ in a human
body when a predetermined condition is satisfied. Mean-
while, while various electronic devices, such as a computer,
a mobile phone, and a television, are repeatedly developed,
devices used in an electronic product, such as a display
device or an energy device, are improved in performance
and thinned. Recently, efforts to not only manufacture
devices which just are thin and have high performance, but
also to implement characteristics, such as ductility, flexibil-
ity, and stretchability, which are difficult to implement using
general devices, are continuously conducted.

[0006] The inventors of the present disclosure completed
the present disclosure thinking that when a material change-
able according to an external stimulus, such as a pluripo-
tency, is manufactured and an electronic device is manufac-
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tured by using the material, it would become possible to
manufacture a material that not only has flexibility or
stretchability of an electronic device that is already studied,
but also is changed to a pre-designed size or external shape
as occasion demands, such as stem cells in a biomedical
fields.

DETAILED DESCRIPTION OF THE
DISCLOSURE

Technical Problem

[0007] The present disclosure provides an electrode hav-
ing inherent shapes by developing a material having 2-di-
mensional (2D) morphological pluripotency and applying
the material to the electrode. A shape changeable material
having a displacement unit structure, in which neighboring
unit cells are connected to each other by a connecting part
but relative locations of the unit cells are changeable, and
having an external shape changeable to inherent shapes
according to relative location change of the unit cells as the
displacement unit structure is hierarchically formed, and an
electrode manufactured by using the shape changeable mate-
rial will now be described.

Technical Solution

[0008] According to an aspect of the present disclosure,
there is provided a shape changeable material having: a
hierarchical structure including a basic displacement unit
comprising a basic separation structure and a basic unit cell
structure, and an higher level displacement unit located
inside the basic displacement units and including an higher
level separation structure and an higher level unit cell
structure that are formed to have a repetitive pattern by the
higher level separation structure; wherein a separation struc-
ture including the basic separation structure and the higher
level separation structure includes joints connecting neigh-
boring unit cells to each other, wherein the joints have a joint
pattern in which a joint shape of an outer joint contacting an
outer portion of a displacement unit and an inner joint not
contacting the outer portion of the displacement unit is
alternately repeated; and inherent shapes resulting from
hierarchical joint patterns included in the basic displacement
units and the higher level displacement units, and the
hierarchical structure, and activated by rotation movement
of the basic unit cells and the higher level unit cells and
relative location changes between the unit cells.

[0009] A (primary) displacement unit to (n”) order dis-
placement unit may each include a separation structure
having the joint pattern, and displacement units of consecu-
tive orders may have an n” order hierarchical structure
forming a hierarchical structure, wherein n is an integer
equal to or higher than 2.

[0010] The (primary) displacement unit may have a (pri-
mary) unit cell structure including a (primary) unit cell, to
a (primary) unit cell,, that are m (primary) unit cells distin-
guished from each other by a (primary) separation structure,
wherein m is an integer of 4 or 6; the (primary) separation
structure may include a (primary) separation part; to a
(primary) separation part,, that are m (primary) separation
parts separating neighboring (primary) unit cells from each
other, and include a (primary) joint, to a (primary) joint,, that
are m (primary) joints provided at one end of each of the
(primary) separation parts, connecting neighboring (pri-
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mary) unit cells to each other, and having the joint pattern,
and at least one (primary) unit cell from among the m
(primary) unit cells may have, as a (secondary) displacement
unit, a secondary or more hierarchical structure including a
(secondary) separation structure having a same separation
structure as the (primary) separation structure, and a (sec-
ondary) unit cell structure having the same separation struc-
ture as the (primary) separation structure.

[0011] The shape changeable material may have an (n?)
order hierarchical structure including a (primary) displace-
ment unit to an (n”) order displacement unit, wherein n is an
integer equal to or higher than 3, wherein the (primary)
separation structure may have an alpha-type joint pattern in
which the (primary) joint, to the (primary) joint,, each have
a joint shape selected from an outer joint and an inner joint,
and neighboring joints in the (primary) separation structure
have different joint shapes,

[0012] The (secondary) separation structure may have any
one joint shape selected from an alpha-type joint pattern in
which the (secondary) joint, to the (secondary) joint,, have
same joint shapes as the (primary) joint, to the (primary)
joint,,, and a beta-type joint pattern in which the (secondary)
joint, to the (secondary) joint,, have different joint shapes
from the (primary) joint; to the (primary) joint,,. Also, a
(tertiary) separation structure or each of (tertiary) separation
structure to (n”) order separation structure has any one joint
pattern selected from the alpha-type joint pattern and the
beta-type joint pattern.

[0013] The (primary) displacement unit to (n™) displace-
ment unit may each have a quadrangular outer line, wherein
m is 4. The quadrangle is not limited as long as it is a
tetragon, and any one of various quadrangles may be
applied, such as a square and a rectangle.

[0014] The unit cells and the joints may include any one
material selected from the group consisting of silicon rubber,
polyester resin, hydrogel, a transition metal, carbon fiber,
and a combination thereof, and may be formed of any one
of the materials.

[0015] Each of the joints connecting the neighboring unit
cells may form a hinge structure.

[0016] According to another aspect of the present disclo-
sure, there is provided a shape changeable electrode includ-
ing: a supporter that is the shape changeable material; and an
electric conductive coating layer provided on the supporter.
[0017] The electric conductive coating layer may include
any one selected from the group consisting of an electric
conductive metal nano-particle, carbon nano-tube, gra-
phene, electric conductive polymer, and a combination
thereof.

[0018] As the disclosure allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the
written description. However, this is not intended to limit the
present disclosure to particular modes of practice, and it will
to be appreciated that all changes, equivalents, and substi-
tutes that do not depart from the spirit and technical scope
of the present disclosure are encompassed in the present
disclosure. The terms “first” “second”, “(primary)”, “(sec-
ondary)”, etc. are used to describe various elements, but the
elements are not limited by such terms. The terms are used
only to distinguish one element from another element. For
example, a first element may be terms a second element and
similarly, a second element may be termed a first element
without departing from the teachings of this disclosure.
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[0019] In addition, the term “include”, “have”, or “com-
prise” is intended to indicate the presence of a characteristic,
number, step, operation, element, part, or any combination
thereof described in the specification, and should be under-
stood that the presence or addition possibility of one or more
other characteristics or numbers, steps, operations, elements,
parts or any combination thereof is not pre-excluded.
[0020] Hereinafter, unless specifically mentioned, a case
where a distance between unit cells increases and thus the
unit cells have an inherent shape will be referred to as an
active state, and a case where the distance between the unit
cells is minimal will be referred to as a latent state. Also,
unless specifically mentioned, so-called displacement or
transformation means a 2-dimensional (2D) change of a
shape of a material, i.e., a change of an area of the material.
[0021] Hereinafter, in order to exhibit elements (a sepa-
ration structure, a unit cell, a displacement unit, and the like)
constituting the same dimension in the hierarchical struc-
ture, the terms such as basic, higher level, (primary), and
(n™) order will be together used. Further, when elements of
different dimensions are all referred to or when a general
characteristic of an element is described, a title of each
element is used.

[0022] The shape changeable material may be in a form of
a sheet, in a form of a substrate having a uniform thickness
in a single layer, or in a form in which a multilayer of films
are stacked on each other. Also, unless specifically men-
tioned, a type of a material forming the shape changeable
material is not specifically limited as long as the material has
characteristics of the shape changeable material.

[0023] The present disclosure will be described in detail.
[0024] A shape changeable material according to an
embodiment of the present disclosure has inherent shapes
induced by a hierarchical changeable units and a predeter-
mined joint pattern formed in each of the changeable units.
Also, the shape changeable material may be in an active
state or a latent state (inherent state) depending on relative
location (or distance) changes between unit cells. In detail,
an overall external shape of the shape changeable material
may change according to a rotation movement of two unit
cells connected to each other based on one joint being
separated from each other or approaching each other, and
relative location movements between a plurality of unit cells
deriving from each rotation movement of the unit cells.
Hereinafter, a case where an inner area of a line connecting
an outer portion of the shape changeable material is mini-
mum is referred to as a latent state, and a case where an inner
area of the line connecting the outer portion of the shape
changeable material is larger than the inner area in the latent
state is referred to as an active state.

[0025] The shape changeable material includes a displace-
ment unit including a separation structure and a unit cell
structure, and unit cells included in the unit cell structure
again have, as displacement units in another dimension, a
hierarchical structure in which a structure including a sepa-
ration structure and a unit cell structure is repetitively
formed.

[0026] When the displacement units are hierarchically
formed while having different dimensions as such, the
displacement units appear to have a tile pattern as a prede-
termined pattern is repeatedly formed on a surface of the
shape changeable material in the latent state.

[0027] The shape changeable material may have a 2-di-
mensional (2D) hierarchical structure of a basic dimension
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and an higher level dimension by including a basic displace-
ment unit including a basic separation structure and a basic
unit cell structure, and an higher level displacement unit
formed in each of the basic displacement units and including
an higher level separation structure and an higher level unit
cell structure, which are formed to have a repetitive pattern
by the higher level separation structure.

[0028] FIG. 1 is a schematic view for describing cases
where a shape changeable material according to an embodi-
ment of the present disclosure is in a latent (inherent) state
and in an active state according to stretching, and rotation
and movement of each unit cell during such processes. For
convenience of description, a hierarchical structure is not
formed in FIG. 1, and only a displacement unit in the same
dimension is shown.

[0029] According to an embodiment, a basic structure of
a displacement unit, a process of the displacement unit
changing to an active state, and a configuration principle of
the displacement unit will be described based on a displace-
ment unit having a quadrangular external shape at the top of
FIG. 1.

[0030] The quadrangular displacement unit includes four
unit cells that are separated from each other by a separation
structure including four separation parts therein and joints
formed at one end of each of the separation parts. The unit
cells will be referred to as unit cell, to unit cell, in an order
from a left top unit cell in a clockwise direction, a separation
part provided between the unit cell, and unit cell, will be
referred to as a separation part,, and a joint, that is a joint
formed in a region where the separation part, and an outer
line of the displacement unit meet has a shape of an outer
joint. Also, a separation part, has a shape of an inner joint
since it is provided inside the displacement unit that does not
contact the outer line of the displacement unit.

[0031] The joint, to joint, have any one joint shape from
among an outer joint and an inner joint, and are configured
such that the outer joint and the inner joint are alternately
repeated. This is a condition for rotating and moving the unit
cells while the to displacement unit changes to the active
state, and means that two neighboring joints (joints in the
same dimension and simultaneously contacting one unit
cell) do not have the same shape of an outer joint or an inner
joint. When force is applied in a direction indicated by an
arrow of FIG. 1, each of the unit cells rotates in a direction
displayed therein and thus the unit cells perform rotation
movement of being separated from each other. According to
the rotation movement, the separation structure has an
empty space surrounded by the unit cells, and accordingly,
an overall shape or size of the displacement unit changes.
[0032] According to an embodiment, a basic structure of
a displacement unit and changes shown when the displace-
ment unit changes to an active state based on a displacement
unit having a hexagonal external shape at the bottom of FIG.
1 will be described. The hexagonal displacement unit
includes six unit cells separated from each other by a
separation structure including six separation parts therein
and joints formed at one end of each of the separation parts.
The joints connecting the neighboring unit cells alternately
have shapes of an outer joint and an inner joint, and thus two
joints contacting one unit cell have different joint shapes.
When pulling force in a direction indicated by an arrow of
FIG. 1 is applied to the hexagonal displacement unit, each of
the unit cells rotates in a direction indicated by a displayed
arrow and changes to an active state, and when the unit cells
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are separated from each other as much as possible, the
displacement unit may have a rightmost shape and an empty
space surrounded by the unit cells.

[0033] In the displacement unit that does not have a
hierarchical structure as shown in FIG. 1, inherent shapes do
not show a difference by relative locations of the outer joint
and the inner joint, but in a shape changeable material
having a secondary or more hierarchical structure, joints
included in a displacement unit of each order and at corre-
sponding locations are distinguished whether they have the
same joint shape or different joint shapes, and a shape of the
shape changeable material is different in an active state.
[0034] For example, when a (secondary) joint, to a (sec-
ondary) joint,, connecting m (secondary) unit cells to each
other have a joint shape in which an outer joint and an inner
joint are each provided in the same direction and at locations
corresponding to a (primary) joint; to a (primary) joint,,
connecting m (primary) unit cells to each other, a (primary)
separation structure and a (secondary) separation structure
both have an alpha-type joint pattern; and when they have
different joint shapes, the (primary) separation structure has
an alpha joint pattern and the (secondary) separation struc-
ture has a beta joint pattern.

[0035] FIG. 2 is a conceptual view for describing a sepa-
ration structure of a shape changeable material having a
secondary hierarchical structure according to an embodi-
ment of the present disclosure, the secondary hierarchical
structure is a shape changeable material (left side) in which
a (primary) separation structure of a material having inher-
ent shapes is an alpha-type and corresponds to a left top unit
cell from among primary unit cells, and a (secondary)
separation structure formed in a (secondary) displacement
unit operating as a (secondary) displacement unit is an
alpha-type; and a shape changeable material (right side)
having the same example as that on the left side but a
(secondary) separation structure is a beta-type. Referring to
FIG. 2, an overall shape of the separation structure of the
shape changeable material having the secondary or higher
hierarchical structure becomes different according to a dif-
ference of relative shapes of joints included in the (primary)
separation structure and the (secondary) separation struc-
ture.

[0036] In detail, cases where joint patterns included in the
(primary) displacement unit and the (secondary) displace-
ment unit are the same and different from each other are
distinguished from each other, and the shape changeable
material having the secondary or higher hierarchical struc-
ture may be classified into at least two types of joint patterns
depending on whether a joint shape included in each order
is the same as or different from a joint shape of the (primary)
separation structure, and may have an alpha-alpha type joint
shape as shown in the left of FIG. 2 and an alpha-beta-type
joint shape as shown in the right of FIG. 2.

[0037] The shape changeable material having such a joint
shape may have further various types of joint shapes as an
order of a hierarchical structure increases, and inherent
shapes (an external shape in an active state) may be adjusted
by changing the number of hierarchical structures and a type
of a joint shape.

[0038] Also, when a condition in which a value obtained
by multiplying an angle between neighboring separation
parts and m that is the number of joints is 360 is satisfied,
the shape changeable material may appear to be a plane in
a latent state.
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[0039] FIG. 3 illustrates an example in which a shape
changeable material having inherent shapes, according to an
embodiment of the present disclosure, has a quaternary
hierarchical structure, wherein an upper example is a case
where all of primary to quaternary hierarchical structures
have an alpha-type separation structure, and a lower
example is a case where primary to quaternary hierarchical
structures are alternately a beta-type and an alpha-type, and
FIG. 4 illustrates processes in which, when a material having
a latent shape according to an embodiment of the present
disclosure has a quaternary hierarchical structure, the mate-
rial changes from a latent state to an active state according
to stretching.

[0040] Referring to the processes in which a shape
changeable material changes to an active state as shown in
FIG. 4, shapes are different in the active state when all
dimensions have an alpha-type joint pattern (top) and when
dimensions have beta, alpha, beta, and alpha-type joint
patterns (bottom) in primary to quaternary displacement
units. In other words, a shape changeable material having
different shapes in an active state even when an external
shape is the same in a latent state may be provided by
changing an order of a hierarchical structure and a joint
pattern of each order.

[0041] Hereinabove, unit cells of the same order included
in a shape changeable material have the same internal
structure, but if required, the unit cells of the same order may
have different patterns or some of the unit cells may not
include a separation structure. Also, even when an externals
shape is almost the same in a latent state, shapes in an active
state may vary according to such transformation.

[0042] FIG. 5 illustrates an example in which a shape
changeable material having inherent shapes, according to an
embodiment of the present disclosure, has a tertiary hierar-
chical structure, wherein upper and lower examples are
examples in which shapes and areas are adjusted when a
material having a tertiary hierarchical structure is in an
active state by adjusting a type of a separation structure with
each order of a right top unit cell from among primary unit
cells and other primary unit cells.

[0043] The examples illustrate an example (the upper
example) in which a tertiary unit cell, in which all of primary
separation structure, a secondary separation structure, and a
tertiary separation structures have an alpha-type separation
structure, and tertiary unit cells having a separation struc-
ture, in which an alpha-type separation structure and a
beta-type separation structure are each mixed and used in a
secondary separation structure, are present together, or an
example (the lower example) in which a zero-order unit cell
that does not include an additional separation structure
therein and tertiary unit cells, in which an alpha-type sepa-
ration structure and a beta-type separation structure are
sequentially shown, are present together.

[0044] FIG. 6 illustrates examples of a shape changeable
material having inherent shapes designed according to an
embodiment of the present disclosure, wherein upper,
middle, and lower examples illustrate that hierarchical struc-
tures have similar external shapes in a latent state but have
different shapes and areas in an active state depending on
orders of the hierarchical structures and a separation struc-
ture of each of the orders.

[0045] In other words, a shape changeable material having
various shapes and areas (including an area between unit
cells) may be provided depending on an order of the shape
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changeable material, whether a displacement of an higher
level dimension is to be formed inside each unit cell, and a
type of a joint pattern formed inside the shape changeable
material of each order. Also, inherent shapes of the shape
changeable material may be reversibly manifested, and may
provide a material having a shape reversibly changing by
manifesting a latent state according to a predetermined
stimulus or manifesting an active state according to a
predetermined stimulus.

[0046] The shape changeable material may include a
single material or a mixture of various materials. When a
material having fracture resistance of not being fractured
even by rotation momentum applied to a joint, such as
silicon rubber, is applied to the shape changeable material,
the shape changeable material may be entirely manufactured
by using the same material, and when not, the shape change-
able material may be manufactured by using different mate-
rials while having a structure in which unit cells are con-
nected to each other by a joint using mechanical connection,
such as a hinge structure.

[0047] The shape changeable material may be manufac-
tured by using a 3D printer after being designed to have a
pre-specified hierarchical structure, and may be manufac-
tured by manufacturing a mold of the shape changeable
material having the pre-specified hierarchical structure by
using a 3D printer and then molding polymer resin or the
like by using the mold. Also, the shape changeable material
may be manufactured by assembling unit cells having a
pre-specified size and structure to a joint having a hinge
structure or the like.

[0048] An electrode according to another embodiment of
the present disclosure includes the shape changeable mate-
rial as a supporter. A shape changeable electrode having
inherent shapes may be manufactured via a simple method
of forming an electric conductive coating layer on at least
one surface of the shape changeable material by applying the
shape changeable material as a supporter.

[0049] The coating layer may be formed by using a
general method of forming an electric conductive coating
layer, and in detail, may be formed by depositing an electric
conductive metal, a carbon nano-material having electric
conductivity, or the like on at least one surface of the shape
changeable material, or by manufacturing an electric con-
ductive coating solution and then coating the electric con-
ductive coating solution on the shape changeable material.
[0050] In detail, the electrode may be manufactured by
manufacturing the electric conductive coating solution by
mixing with an electric conductive metal nano-particle,
carbon nano-tube, electric conductive polymer such as gra-
phene, or by mixing with polymer resin operating as a
binder, and then forming a coating film by using the electric
conductive coating solution, but a method of manufacturing
the electrode is not limited thereto.

[0051] When the electrode is formed by using the shape
changeable material as a supporter, a flexible characteristic
and a stretchable characteristic may be assigned to the
electrode. In other words, since the electrode that 2-dimen-
sionally expands or is reduced according to characteristics of
the shape changeable material is provided, the electrode
having a stretchable characteristic may be provided. Also, a
flexible characteristic may be assigned to the shape change-
able electrode by adjusting characteristics of a connecting
part connecting unit cells of the shape changeable material.
In addition, since an electrode that is closely adhered not
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only on a regular curved surface but also on a curved surface
of an irregular external shape without a lifting may be
manufactured by adjusting sizes of unit cells included in the
shape changeable material and an order of a hierarchical
structure, utilization of the electrode is high in fields that
require a surface-adhered electrode and in fields that require
a flexible electrode.

Advantageous Effects

[0052] The present disclosure provides a shape change-
able material and an electrode including the shape change-
able material, wherein the shape changeable material has
various 2-dimensional (2D) inherent shapes as a hierarchical
structure of displacement units or a joint pattern is changed.
Accordingly, a material that reversibly changes to inherent
shapes (shapes in an active state) derived from pre-applied
structural characteristics is provided. In particular, the shape
changeable material may be used as a flexible material or a
stretchable material, and by using the shape changeable
material as a supporter, an electrode adherable even on a
flexible, stretchable, or irregular surface may be provided.

DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 is a schematic view for describing rotation
momentum each of unit cells move when a shape change-
able material having inherent shapes is in an active state
according to stretching, according to an embodiment of the
present disclosure.

[0054] FIG. 2 is a conceptual view for describing a sepa-
ration structure of a shape changeable material having a
secondary hierarchical structure according to an embodi-
ment of the present disclosure, the secondary hierarchical
structure is a shape changeable material (left side) in which
a (primary) separation structure of a material having inher-
ent shapes is an alpha-type and corresponds to a left top unit
cell from among primary unit cells, and a (secondary)
separation structure formed in a (secondary) displacement
unit operating as a (secondary) displacement unit is an
alpha-type; and a shape changeable material (right side)
having the same example as that on the left side but a
(secondary) separation structure is a beta-type.

[0055] FIG. 3 illustrates an example in which a shape
changeable material having inherent shapes, according to an
embodiment of the present disclosure, has a quaternary
hierarchical structure, wherein an upper example is a case
where all of primary to quaternary hierarchical structures
have an alpha-type separation structure, and a lower
example is a case where primary to quaternary hierarchical
structures are alternately a beta-type and an alpha-type.
[0056] FIG. 4 illustrates an example in which a shape
changeable material having inherent shapes, according to an
embodiment of the present disclosure, has a quaternary
hierarchical structure, wherein an upper example is a mate-
rial where all of a primary to quaternary hierarchical struc-
tures have an alpha-type separation structure, a lower
example is a material where primary to quaternary hierar-
chical structures sequentially repeatedly have alpha-type
separation structure and a beta-type separation structure, and
each of the materials is changed to an active state in a
stepwise manner.

[0057] FIG. 5 illustrates an example in which a shape
changeable material having inherent shapes, according to an
embodiment of the present disclosure, has an octonary
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hierarchical structure, wherein upper and lower examples
are examples in which shapes and areas are adjusted when
a material having an octonary hierarchical structure is in an
active state by adjusting a type of a separation structure with
each order of a right top unit cell from among primary unit
cells and other primary unit cells. The examples illustrate an
example (the upper example) in which a tertiary unit cell, in
which all of primary separation structure, a secondary sepa-
ration structure, and a tertiary separation structures have an
alpha-type separation structure, and tertiary unit cells having
a separation structure, in which an alpha-type separation
structure and a beta-type separation structure are each mixed
and used in a secondary separation structure, are present
together, or an example (the lower example) in which a
zero-order unit cell that does not include an additional
separation structure therein and tertiary unit cells, in which
an alpha-type separation structure and a beta-type separation
structure are sequentially shown, are present together.

[0058] FIG. 6 illustrates examples of a shape changeable
material having inherent shapes designed according to an
embodiment of the present disclosure, wherein upper,
middle, and lower examples illustrate that hierarchical struc-
tures have similar external shapes in a latent state but have
different shapes and areas in an active state depending on
orders of the hierarchical structures and a separation struc-
ture of each of the orders.

[0059] FIG. 7 illustrates an example of manufacturing a
material having a tertiary hierarchical structure by using a
3-dimensional (3D) printer in Example 1, and a separation
structure of the material is an actual photograph in a latent
state of a sample in which all of primary to tertiary separa-
tion structures are an alpha-type separation structure.

[0060] FIG. 8 is a photograph taken while the material of
FIG. 7 is set in an active state.

[0061] FIG. 9 is photographs of a shape changeable elec-
trode in a latent state (left side) and an active state (right
side), which is manufactured by adding an electric conduc-
tive coating layer to a shape changeable material having
inherent shapes manufactured according to Example 2, to
show that the shape changeable electrode maintains electric
conductivity even in the active state.

[0062] FIG. 10 is a photograph showing that a material
manufactured according to Example 2, having electric con-
ductivity, and in an active state maintains electric conduc-
tivity even when the material has a hemispherical 3D shape
by being supported by a baseball.

[0063] FIG. 11 is a conceptual diagram for describing a
name of each part in an example where a displacement unit
included in a shape changeable material according to an
embodiment of the present disclosure has a quadrangular
external shape and m=4.

BEST MODE

[0064] Hereinafter, one or more embodiments of the pres-
ent disclosure will now be described more fully with refer-
ence to the accompanying drawings. However, the one or
more embodiments of the present disclosure may be embod-
ied in many different forms, and should not be construed as
being limited to the embodiments set forth herein. Like
reference numerals in the drawings denote like or similar
elements throughout the specification.
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Example 1

Manufacture of Shape Changeable Material Having
Quaternary Hierarchical Structure by Using
3-Dimensional (3D) Printer

[0065] A displacement unit including a separation struc-
ture in which (primary) to (quaternary) displacement units
respectively have alpha-type, beta-type, alpha-type, and
beta-type joint patterns was formed by using a 3D printer
(Objet260 Connex™ from Stratasys Design Line).

[0066] FIG. 7 illustrates an example of manufacturing a
material having a quaternary hierarchical structure by using
a 3D printer in Example 1, and a separation structure of the
material is an actual photograph in a latent state of a sample
in which primary to quaternary separation structures alter-
nately have alpha-type and beta-type separation structures,
and FIG. 8 is a photograph taken while the material of FIG.
7 is set in an active state.

[0067] Referring to FIGS. 7 and 8, unit cells are trans-
formed to an inherent shape of FIG. 8 as each of the unit
cells is rotated and moved by a stimulus of external force.

Example 2

Manufacture of Shape Changeable Electrode

[0068] A mold capable of manufacturing a shape change-
able material of Example 2 was manufactured by using the
same 3D printer used in Example 1, and the shape change-
able material of Example 2 formed of silicone rubber was
manufactured by using the mold.

[0069] An electric conductive coating layer was formed on
a surface of the shape changeable material of Example 2 by
using following operations.

Operation 1

[0070] Carbon nano-tube gel was prepared as follows by
mixing carbon nano-tubes (a product manufactured by Han-
wha Nanotech Corporation) with an imidazolium-based
ionic liquid.

[0071] 20 mg of single-walled carbon nano-tubes were put
into a mortar, and 20 mg or 60 mg of 1-butyl-3-methylimi-
dazolium bis(triffuoromethylsulfonyl)imide was put into the
mortar. Thereafter, a material in the form of gel was obtained
by sufficiently stirring the mixture using a pestle for about 10
minutes.

Operation 2

[0072] The prepared carbon nano-tube gel was put into a
vial containing 20 ml of toluene, and an ultrasonic treatment
was performed by using a bath-type sonicator for 1 hour.

Operation 3

[0073] A commercially available silicone rubber KE-441
manufactured by Shinetsu Chemical Co. was dissolved in a
carbon nano-tube solution prepared in Operation 2. At this
time, the silicone rubber was put such that the content of
silicone rubber is equal to a desired content ratio of the
carbon nano-tubes. In other words, 480 mg of KE-441 was
put in order to obtain a composite including 4 wt % of
carbon nano-tubes. Next, the mixture was stirred at a speed
ot 1,500 rpm for about 6 hours. A mixture solution of carbon
nano-tubes/polymer was coated on a substrate by using an
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air spray. For a coating method, a substrate composed of a
shape changeable material was sufficiently pre-heated on a
hot plate at 50° C. for 30 minutes, and then the mixture
solution with a predetermined content was spray-coated
thereon. The coated film was dried on the hot plate at 50° C.
for about 1 hour, and then further dried in a vacuum oven
overnight.

Operation 4

[0074] In order to dope the manufactured film with acid,
a Petri dish containing 5 ml of nitric acid was placed on a hot
plate preheated to 70° C., and the upper portion was covered
by using a very wide beaker. After about 10 minutes, a film
coated with a composite electrode was placed in the beaker
by using a pair of laboratory pincers, and the beaker was
again covered to allow the film to be exposed to a nitric acid
vapor for about 30 minutes. After the acid vapor doping was
completed, the film was dried in a vacuum oven overnight.
[0075] The electric conductivities of the shape changeable
electrode manufactured in Example 2 in the latent state and
the active state were compared to each other, and the results
are shown in FIG. 9. Referring to FIG. 9, it is confirmed that
the electric conductivities in both the latent state and the
active state were maintained.

[0076] Further, it was experimented whether the electrode
in Example 2 maintained electric conductivity even in a
curved surface, and the results are shown in FIG. 10.
Referring to FIG. 10, when a commercially available base-
ball was fixed and the shape changeable electrode was
placed on one surface of the spherical curved surface, it is
confirmed that the shape changeable electrode generated a
space between appropriate unit cells, which may be closely
adhered to the spherical curved surface, and thus, had an
active state in the form of being closely adhered to the
spherical curved surface. Further, as a result of performing
an electric conductivity test by using an electric bulb while
the electrode was closely adhered to the baseball, it is
confirmed that the bulb was lit in brightness similar to that
in FIG. 9, and that the shape changeable electrode main-
tained the electric conductivity even in an active state where
the electrode was closely adhered to the curved surface.
[0077] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

1. A shape changeable material having:

a hierarchical structure comprising a basic displacement
unit comprising a basic separation structure and basic
unit cells, and

a higher level displacement unit located inside the basic
unit cell and comprising higher level unit cells distin-
guished from each other by an higher level separation
structure;

wherein a separation structure comprising the basic sepa-
ration structure and the higher level separation structure
comprises joints connecting neighboring unit cells to
each other, wherein the joints have a joint pattern in
which a joint shape of an outer joint contacting an outer
portion of a displacement unit and an inner joint not
contacting the outer portion of the displacement unit is
alternately repeated; and

inherent shapes resulting from hierarchical joint patterns
included in higher level displacement units and the
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hierarchical structure, and activated by rotation move-
ment of the basic unit cells and the higher level unit
cells and relative location changes between the unit
cells.

2. The shape changeable material of claim 1, wherein a
(primary) displacement unit to (n”) order displacement unit
each comprise a separation structure independently having
same or different joint patterns, and displacement units of
consecutive orders each have an n” order hierarchical struc-
ture forming a hierarchical structure corresponding to the
hierarchical structure of the basic displacement unit and the
higher level displacement unit, wherein n is an integer equal
to or higher than 2.

3. The shape changeable material of claim 2, wherein the
(primary) displacement unit has a (primary) unit cell struc-
ture comprising a (primary) unit cell; to a (primary) unit
cell,, that are m (primary) unit cells distinguished from each
other by a (primary) separation structure, wherein m is an
integer of 4 or 6;

the (primary) separation structure comprises a (primary)
separation part, to a (primary) separation part,, that are
m (primary) separation parts separating neighboring
(primary) unit cells from each other, and comprises a
(primary) joint, to a (primary) joint,, that are m (pri-
mary) joints provided at one end of each of the (pri-
mary) separation parts, connecting neighboring (pri-
mary) unit cells to each other, and having the joint
pattern, and

at least one (primary) unit cell from among the m (pri-
mary) unit cells has, as a (secondary) displacement
unit, a secondary or more hierarchical structure com-
prising a (secondary) separation structure having a
same separation structure as the (primary) separation
structure, and a (secondary) unit cell structure having
the same separation structure as the (primary) separa-
tion structure.

4. The shape changeable material of claim 3, having an
(n™) order hierarchical structure comprising a (primary)
displacement unit to an (n™) order displacement unit,
wherein n is an integer equal to or higher than 3,

wherein the (primary) separation structure has an alpha-

type joint pattern in which the (primary) joint, to the
(primary) joint,, each have a joint shape selected from
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an outer joint and an inner joint, and neighboring joints
in the (primary) separation structure have different joint
shapes,
the (secondary) separation structure has any one joint
shape selected from an alpha-type joint pattern in
which the (secondary) joint, to the (secondary) joint,,
have same joint shapes as the (primary) joint, to the
(primary) joint,,, and a beta-type joint pattern in which
the (secondary) joint, to the (secondary) joint,, have
different joint shapes from the (primary) joint, to the
(primary) joint,,, and

a (tertiary) separation structure or each of (tertiary) sepa-
ration structure to (n”) order separation structure has
any one joint pattern selected from the alpha-type joint
pattern and the beta-type joint pattern.

5. The shape changeable material of claim 4, wherein the
(primary) displacement unit to (1) displacement unit each
have a quadrangular outer line, wherein m is 4.

6. The shape changeable material of claim 1, wherein the
unit cells and the joints comprise any one material selected
from the group consisting of silicon rubber, polyester resin,
hydrogel, a transition metal, carbon fiber, and a combination
thereof.

7. The shape changeable material of claim 2, wherein the
unit cells and the joints comprise any one material selected
from the group consisting of silicon rubber, polyester resin,
hydrogel, a transition metal, carbon fiber, and a combination
thereof.

8. The shape changeable material of claim 1, wherein each
of the joints connecting the neighboring unit cells form a
hinge structure.

9. The shape changeable material of claim 2, wherein each
of the joints connecting the neighboring unit cells form a
hinge structure.

10. A shape changeable electrode comprising:

a supporter that is the shape changeable material accord-

ing to claim 1; and

an electric conductive coating layer provided on the

supporter.

11. The shape changeable electrode of claim 10, wherein
the electric conductive coating layer comprises any one
selected from the group consisting of an electric conductive
metal nano-particle, carbon nano-tube, graphene, electric
conductive polymer, and a combination thereof.
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