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(57) ABSTRACT

A graphene dot structure and a method of manufacturing the
same. The graphene dot structure includes a core including a
semiconductor material; and a graphene shell formed on the
surface of the core. The graphene dot structure may form a
network.
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FIG. 1
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FIG. 3
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GRAPHENE BALL STRUCTURE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0124398, filed on Nov. 25,2011, in
the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein 1n 1ts entirety by reference.

BACKGROUND

[0002] 1. Field

[0003] Thepresentdisclosurerelatesto graphene structures
and methods of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Carbon material exists 1n various forms such as
graphite, buckyball, carbon nanotube (also known as
“CNT”), graphene, and the like. The buckyball has a ball
structure formed of 60 carbon atoms, and 1s an allotrope,
which 1s referred to as fullerene. A Molecule structure of the
buckyball 1s formed of 15 pentagons and 20 hexagons, each
pentagon being surrounded by hexagons. Carbon nanotube
(CN'T) 1s a matenial 1n which carbon atoms are combined 1n a
hexagon honey-comb pattern to form a tube structure having,
a diameter as small as a single digit nanometer in case of a
single wall nanotube. of a nanometer level. Grephene, which
1s another allotrope of carbon, has a structure of one-atom-
thick planar sheets of sp”-bonded carbon atoms that are
densely packed 1n a honeycomb crystal lattice. The crystal-
line or “flake” form of graphite consists of many graphene
sheets stacked together. The carbon-carbon bond length 1n
graphene 1s about 0.142 nm. Graphene 1s the basic structural
clement of some carbon allotropes including graphite, char-
coal, carbon nanotubes and fullerenes. Due to its unique
structure of two dimension, graphene differs from most con-
ventional three-dimensional materials: it has high electron
mobility at room temperature, high opacity for an atomic
monolayer, excellent thermal characteristics, chemical stabil-
ity, a large surface area, and reportedly the greatest mechani-
cal strength (breaking strength and tensile modulus).

[0006] Recently, research has been actively conducted on
applying graphene to various fields such as nanoelectronics,
optoelectronics, chemical sensors, and the like. Graphene
may be synthesized by using chemical vapor deposition
(CVD), using a transition metal such as nickel, copper, or the
like as a catalyst. In addition, graphene may be obtained by
separating graphite layer by layer. Graphene 1s generally used
in a sheet form, but may be made and used 1n a tube form too.

SUMMARY

[0007] Provided are graphene structures and methods of
manufacturing the same.

[0008] Additional aspects will be set forth 1n part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the presented
embodiments.

[0009] According to an aspect of the present invention, a
graphene dot structure includes: a core of a semiconductor
maternial; and a graphene shell formed on the surface of the
core.

[0010] Thesemiconductor material may include aIV group
semiconductor, a II1I-V group semiconductor, or a II-VI group
semiconductor.
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[0011] The core may have a diameter 1n the range of about
1 nm to about 10 um, and the graphene shell may have one or
more layers.

[0012] The core may include: a first core; and a second core
formed on the first core and including the semiconductor
material. The first core may include a non-conductive mate-
rial or a metal.

[0013] According to another aspect of the present imnven-
tion, a method of manufacturing a graphene structure
includes synthesizing the graphene ball structure via chemi-
cal vapor deposition (CVD) by using a gas including a semi-
conductor material and a gas including carbon.

[0014] The synthesizing of the graphene dot structure may
include: itroducing the gas including the semiconductor
material and the gas including the carbon 1n a reaction cham-
ber; forming the core having the ball shape and including the
semiconductor material; and forming the graphene shell
graphene on the surface of the core.

[0015] The method may further include removing the core
from the graphene dot structure.

[0016] The gas including the semiconductor material may
include GeH, gas and the gas including the carbon may
include CH, gas.

[0017] The temperature of the reaction chamber may be
maintained in the range of about 200° C. to about 900° C., and
the pressure of the reaction chamber may be maintained 1n the
range of about 0.1 Torr to about 300 Torr.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken 1n conjunction with the accompa-
nying drawings ol which:

[0019] FIG. 1 1s a perspective view illustrating a graphene
dot structure according to an exemplary embodiment of the
present invention;

[0020] FIG. 2 1s a cross-sectional view of the exemplary
graphene dot structure illustrated 1n FIG. 1;

[0021] FIG. 3 1s a cross-sectional view of a graphene dot
structure according to an exemplary embodiment of the
present invention;

[0022] FIG. 4 1s a diagram 1illustrating a graphene dot net-
work according to an exemplary embodiment of the present
invention; and

[0023] FIGS. 5 and 6 are diagrams for explaining a method
of manufacturing a graphene dot structure, according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION

[0024] The term *“‘graphene dot structure” or “graphene
dot” as employed herein indicates a structure having a core
material and a graphene layer on the core material or a mate-
rial having the structure. The structure may be 1n a size of
from a single digit nanometer to tens micrometers. In an
exemplary embodiment, the structure may be a particle. The
particle may have a shape of sphere, ball, or similarly round
shape. In another embodiment, the particle may have 1rregu-
lar shapes. The term “network of graphene dot” or “graphene
dot network” or “graphene dot network structure” employed
herein 1indicates a structure of multiple graphene dots which
cach connected to others. The network may be, but 1s not
limited to, 1n a form of an aggregated particle, a sheet, a film,

and the like.
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[0025] The term “graphene cage” or “graphene inclusion
body” as used herein indicates a graphene structure having an
internal empty space and thus 1s capable of including, holding
or capturing a substance which has a size and can fit 1into the
space. In an embodiment, a graphene cage may be formed by
removing the core from the graphene dot structure.

[0026] In the application, the term *“‘graphene structure™ 1s

used broadly to refer to “graphene dot structure,” “graphene

cage,” “graphene dot network,” and/or “a network of

graphene cages.”

[0027] Reference will now be made 1n detail to embodi-
ments, examples of which are 1llustrated 1n the accompanying,
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

[0028] FIG. 1 1s an illustrative view of a graphene dot
structure 100 according to an exemplary embodiment of the
present invention. FIG. 2 1s an illustrative cross-sectional
view of the graphene dot structure 100 1llustrated 1n FIG. 1.
While FIGS. 1 and 2 show a spherical shaped graphene dot,
the graphene dots according to embodiments of the invention
may have different shapes than a sphere. Any form of particles
may be formed. In an embodiment, the graphene dots may
have a spherical shape.

[0029] Referring to FIGS. 1 and 2, the graphene dot struc-
ture 100 includes a core 110 and a graphene shell or layer 120
on the surface of the core 110. The core 110 may be formed of
a semiconductor material. The semiconductor material may
include, for example, a IV group semiconductor such as ger-
manium, a II1I-v group semiconductor, or a II-VI group semi-
conductor. The size of the core 110 may vary depending on
desired uses. For example, the core 110 may have an average
s1ze Irom about 1 nm to about 10 um. However, the present
invention 1s not limited thereto. The size of the core 110 may
be controlled by adjusting the manufacturing conditions such
as the concentration of the core material, temperature, pres-
sure, and the like. For example, when the reaction tempera-
ture 1s set to be about 400° C. or higher, a plurality of cores
tformed may aggregate to form a larger particle of core. The
shell 120 1s a graphene layer formed on the outer surface of
the core 110. The graphene shell 120 may have a single layer
or multi-layer structure. Graphene 1s a material which has a
structure 1n which carbon atoms are two-dimensionally con-
nected to each other and which has a very thin thickness of an
atomic level. Graphene has high electric charge mobaility and
excellent thermal characteristics, 1s chemically stable, and
has a large surface area.

[0030] FIG. 3 1s an illustrative cross-sectional view of a
graphene dot structure 200 according to an exemplary
embodiment of the present invention.

[0031] Referring to FIG. 3, the graphene dot structure 200
includes a core 210 and a graphene shell 220 which 1s formed
on the outer surface of the core 210. The core 210 may include
a first core 211 and a second core 212 surrounding the first
core 211. For example, the first core 211 may be formed of a
non-conductive material or a metal. However, the present
invention 1s not limited thereto, and the first core 211 may be
formed of various materials. The second core 212 may
include a semiconductor material. The semiconductor mate-
rial, as stated above, may include a IV group semiconductor
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such as germanium, a I1I-V group semiconductor, or a I1I-VI
group semiconductor. The size of the core 210 including the
first and second cores 211 and 212 may vary. For example, the
core 210 may have an average size from about 1 nm to about
10 um. However, the present invention 1s not limited thereto.
The graphene shell 220 1s formed on the outer surface of the
semiconductive core 210, that 1s, on the outer surface of the
second core 212. As stated above, the graphene shell 220 may
have a single layer or multi-layer structure.

[0032] The graphene dot structure 100 or 200 may have
same or substantially same properties of graphene, such as
high electric charge mobility, excellent thermal characteris-
tics, and the like. The graphene dot structure 100 or 200 may
be used 1in an energy field of high efficiency and high reactiv-
ity, since 1t has a large surface area due to the three-dimen-
sional structure. In addition, the size of the graphene dot
structure 100 or 200 may be variously controlled as described
below, and the graphene dot structure 100 or 200 may be used
in various fields depending on the size thereof.

[0033] FIG. 4 15 a diagram 1illustrating a graphene dot net-
work according to an exemplary embodiment of the present
invention.

[0034] Referring to FIG. 4, a plurality of graphene dot
structures 100 or 200 may be connected with each other to
form a stacked structure and/or extended horizontally,
thereby forming a network of graphene dots. The graphene
dot network has a larger surface area, and thus, the reactivity
thereol 1s increased. The graphene dot structure 100 or 200 or
the graphene dot network may be used as an electrode or a
conductive layer 1n a lithtum 10n battery, a hydrogen storage
apparatus, a sensor, a capacitor, an optical device, an elec-
tronic device, or the like.

[0035] FIGS. 5 and 6 are diagrams for explaining a method
of manufacturing a graphene dot structure, according to an
exemplary embodiment of the present invention. In the cur-
rent embodiment, the graphene dot structure 1s synthesized by
using chemical vapor deposition (CVD).

[0036] Referringto FIG. S, a gasincluding a semiconductor
material, which forms a core, and a gas including carbon
flows 1n a reaction chamber 350. The semiconductor material
may include a IV group semiconductor, a III-V group semi-
conductor, or a II-VI group semiconductor. For example,
GeH, gas may be used as the gas including the semiconductor
matenal, and CH, gas may be used as the gas including the
carbon. However, the present invention 1s not limited thereto.
The reaction chamber 350 maintains a predetermined tem-
perature T and a predetermined pressure P. The predeter-
mined temperature T of the reaction chamber 350 may be, for
example, 1n the range of about 200° C. to about 1,000° C., and
the predetermined pressure P of the reaction chamber 350
may be, for example, 1n the range of about 0.1 Torr to about
300 Torr. However, the present invention 1s not limited
thereto. In an embodiment, a temperature of about 600-1000°
C. and a pressure of 0.1-200 Torr may be employed.

[0037] Due to the difference 1n the solid-solubility of the
core semiconductor material and of the carbon, semiconduc-
tor material core 1s formed and graphene 1s grown on the outer
surface of the core. Thus, as illustrated 1n FIG. 6, a graphene
dot structure 300, which includes a core 310 formed of the
semiconductor material and a graphene shell 320 on the sur-
face of the core 310 may be formed. The size of the core 310
may be controlled by controlling the amount of the gas
including the semiconductor material, the amount of the gas
including the carbon, the temperature of the reaction chamber
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350, or the like. For example, when the reaction temperature
1s set to be about 400° C. or higher under certain pressure
condition, a plurality of cores formed from the semiconductor
material may aggregate to form a larger particle of core,
before a graphene shell 1s formed on individual cores. The
s1ze of the core 310 may be controlled so as to have a diameter
in the range of about 1 nm to about 10 um. The graphene shell
320, which 1s formed on the outer surface of the core 310, may
have a single layer or multi-layer structure.

[0038] In an exemplary embodiment, the core 310 may be
removed the graphene dot structure through oxidization or
dissolution using a dissolvent, leaving an empty graphehe
shell 320. For example, 1n an embodiment, the core made of
(Ge may be removed by various wet etching method. Hydro-
gen peroxide or deionized water may be used as an etchant 1n
the wet etching process, without affecting the physicochemai-
cal properties of graphene. In another embodiment, the core
material may be removed by vaporizing the core material at
high temperature (e.g., about 800-900° C. 1n case of Ge core)
and a low pressure (e.g. about 10-30 Torr 1n case of Ge core).
Thus formed empty graphene shell 320 may be used as a
graphene cage mto which other atoms or materials may be
included or trapped to form an inclusion body.

[0039] Hereinabove, a method of manufacturing the
graphene dot structure 300 which includes the semiconductor
core 310 and the graphene shell 320 has been explained. If
non-conductive particles (not shown) or metal particles (not
shown) of a certain diameter exist in the reaction chamber
350, the non-conductive particle or metal particle may serve
as a first core 211 (FIG. 3) and a second core 212 of a
semiconductor material may be formed on the surface of the
first core 211. In addition, the graphene shell 220 may be
tormed on the surface of the semiconductor second core 212.

[0040] According to the embodiments of the present mnven-
tion, 1t 1s possible to obtain graphene as nano- or micro-sized
particles or dots, of which size may be controlled by adjusting,
the manufacturing conditions, including the concentrations
of the core material and carbon, temperature, pressure, and
the like. In addition, 1t 1s possible to form a network of
graphene dots by stacking or connecting a plurality of
graphene dot structures. For example, graphene dot structures
tabricated as described above move 1n the pumping direction
in chemical vapor deposition apparatus. The moving
graphene dot structures may be stacked spontaneously on the
substrate 1n the CVD apparatus due to gravity. Alternatively,
the fabricated graphene dot structures may be dispersed in
various solvents and stacked on the substrate by filtering
process. The stacked graphene dot structures may be
annealed at a temperature of, for example, 500-900° C.,
which may cause a formation of bridges between the neigh-
boring graphene dot structures. The graphene dot structure
and the graphene dot network may have the characteristics of
graphene, such as high electric charge mobility, excellent
thermal characteristics, and the like. In addition, the graphene
dot structure and the graphene dot network may be used 1n an
energy field having high efficiency and high reactivity, due to
having a large surface area due to a three-dimensional struc-
ture. In addition, the graphene dot structure and the graphene
dot network may be used as an electrode or a conductive layer
in a lithium 1on battery, a hydrogen storage apparatus, a
sensor, a capacitor, an optical device, an electronic device, or

the like.

[0041] While the present invention has been particularly
shown and described with reference to exemplary embodi-
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ments thereof, 1t will be understood by those of ordinary skall
in the art that various changes 1n form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What 1s claimed 1s:
1. A graphene dot structure comprising:
a core comprising a semiconductor material; and

a shell formed on the surtace of the core, said shell com-
prising graphene.

2. The graphene dot structure of claim 1, wherein the

semiconductor material comprises a IV group semiconduc-

tor, a III-V group semiconductor, or a II-VI group semicon-
ductor.

3. The graphene dot structure of claim 1, wherein the core
has an average size 1n the range of about 1 nm to about 10 um.

4. The graphene dot structure of claim 1, wherein the
graphene shell has one or more layers.

5. The graphene dot structure of claim 1, wherein the core
COmprises:

a first core; and

a second core formed on the surtace of the first core and
comprising the semiconductor material.

6. The graphene dot structure of claim 3, wherein the first
core comprises an non-conductive material or a metal.

7. A network structure comprising a plurality of the
graphene dot structures as described 1n claim 1.

8. A method of manufacturing a graphene structure, the
method comprising:
providing a gas including a semiconductor material and a
gas including carbon 1nto a reaction chamber; and

performing chemical vapor deposition to form a core of the
semiconductor material and a shell of graphene on the
surtace of the core.

9. The method of claim 8, wherein the semiconductor
maternal comprises a IV group semiconductor, a I1I-V group
semiconductor, or a II-VI group semiconductor.

10. The method of claim 8, wherein the core 1s formed to
have a diameter in the range of about 1 nm to about 10 um.

11. The method of claim 8, wherein the graphene shell 1s
formed to have one or more layers.

12. The method of claim 8, wherein the reaction chamber
comprises a non-conductive material or ametal, and the semi-
conductor material 1s deposited onto the non-conductive
material or the metal.

13. The method of claim 8, further comprising removing
the core from the structure of the semiconductor core and the
graphene shell.

14. The method of claim 13, wherein the removing com-
prises wet etching the semiconductor core.

15. The method of claim 13, wherein the removing com-
prises vaporizing the semiconductor core at a temperature and
a pressure allowing the vaporization of the semiconductor
core.

16. The method of claim 8, wherein the gas including the
semiconductor material comprises GeH, gas and the gas
including the carbon comprises CH, gas.

17. The method of claim 8, wherein the temperature of the
reaction chamber 1s maintained in the range of about 200° C.

to about 900° C.

18. The method of claim 8, wherein the pressure of the
reaction chamber 1s maintained in the range of about 0.1 Torr
to about 300 Torr.
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19. The method of claim 8, further comprises forming a
network of a plurality of the formed structures of the semi-
conductor core and the graphene shell.
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