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INTRODUCTION

Carbon nanostructures come in at least
three to four allotropic forms: fullerenes,
graphene and graphite, carbon nanotubes, and
diamond. Diamond has been researched mostly
for its use in tribological and thermal coatings,
while graphene, a mono-layer of graphite, has
gained popularity for use in functionalized
coatings and electronics. The key to
understanding the various structural, thermal,
and electric properties of carbon nanostructures
is the carbon bond, which can be single, double,
or triple bond order. Graphene is held together
by sp2 bonds, and diamond is held together by
the stronger sp3 bonds.

Diamond is one of the most well-known
allotropes of carbon, and is both one of the
hardest known natural minerals; it has the
highest heat conductivity. [1] Diamond also has
a wide bandgap and high optical dispersion. [1]
Diamonds are one of the most popular
gemstones for jewelry due to their high optical
dispersion, luster, and mechanical properties.
Diamond is created naturally in high
temperature, high pressure environments such as
the earth’s mantle: taking billions of years to
form from carbon deposits hundreds of
kilometers below the earth’s surface. Synthetic
Diamond Manufacture: CVD is most often used
in research and the electronics industry, while
Arc-PVD is mostly used for tool coatings. [3]
Diamond is a good insulator, though some
natural blue diamonds and doped diamond act as
a semiconductor. [4] Diamond has remarkable
material properties; and has been highly valued

Figure 1: Diamond on the left and graphene on the right
are two allotropes of carbon.

in both mechanical and the electronics industry,
as much if not more so than the jewelry industry.

Graphene carbon is rapidly becoming a
major field of study in the field of
microelectronics. It is a single layer of
hexagonal carbon crystal. It has some amazing
properties such as its high electrical and thermal
conductivity, lack of band-gap, ambipolarity,
low light absorption (see through) and high
tensile strength. These unique properties are
crucial to the application of Graphene in high
quality electronics such as transistors and
sensors. However, one of the biggest problems
with Graphene is the difficulty with which it is
manufactured, and the characterization of the
manufactured product. Many of the properties of
Graphene come from the perfection of the
crystalline lattice; Graphene with flaws often has
different properties than perfect Graphene. [5]

DIAMOND STRUCTURE & PROPERTIES



Figure 2: Different view angles of a diamond face
centered cubic lattice unit cell.

Diamond is a transparent crystal made
up of a repeating pattern of 8 carbon atoms. The
pattern makes up one unit cell of the diamonds
face centered cubic bravis lattice, seen in figure
2. There are two tetrahedrally bonded atoms in
each primitive cell. [6] The atomic packing
factor of the diamond cubic structure is about
0.34, which is the fraction of volume in a crystal
structure that is occupied by atoms. An
important  characteristic of materials with
diamond blende
structures used in
fabrication is that they
present open hexagonal
ion channels which
enable more efficient
ion implantation if
done from any of the

Figure 3: Diamond cubic <110> directions, seen
crystal viewed from a . .
<110> direction. in flgure 3. These
Diamond structures
display octahedral cleavage, with fewer bonds
and exposing points of structural weakness. This
characteristic can guide chemical etching to
produce pyramidal structures as mesas, points,
or etch pits, and can be useful in MEMS
fabrication. [7,8] In addition to the
aforementioned properties, diamond is also
valued for:

e Scratch resistance

e Low coefficient of friction for nano-
structured diamond like carbon films
(especially for polished NCD films) [9]

¢ Resists abrasive and adhesive wear [9]

e Provides lubricity (both in and out of
vacuum) [9]

e Has good chemical resistance to
corrosion [12]

e Is a good insulator (if no impurities)
[10]

e Can be doped and wused as a
semiconductor (P and N) [10]

¢ High thermal conductivity

e Bio-compatible

e Chemically very stable [11]

e Superconductive at 11.4 K (heavily
boron doped) [12,13]

e Highest thermal conductivity of any
known solid at room temperature
[14,15]

DEPOSITION OF DIAMOND

Two deposition methods for depositing and
growing crystalline diamond discussed in this
paper are CVD, and Arc-PVD. Arc-PVD is a
physical vapor deposition done with a high
temperature electrical arc and is used mostly for
coating cutting or grinding tools for industry.
CVD is currently the only way to grow good
quality single crystal electronics grade diamond.
The process for diamond growth using CVD
consists of applying a seed layer to the substrate
(the new diamond needs something to grow on),
then, under low vacuum of around 20 torr and
heated to around 800°C. Running a carbon based
gas such as CH4 and H2 (about 1:100, CH4:H2),
and creating a plasma to break apart the
molecules into chemically active radicals in
plasma. A simplified visualization of the concept
can be seen in figure 4. [3]
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Many people use a material related to Graphene
each day: Graphite. Graphite has the same
hexagonal structure as Graphene but consists of
layers of these hexagonal sheets. “Bulk
Graphene” is sometimes referred to when
speaking about a thin (but not single) layer of
graphite. A perfect, single, “sheet” of Graphene
has some amazing properties. It has very high
thermal and electrical conductivity which-
especially when coupled with its transparency-
makes it an attractive option for electrodes on
solar cells, panels, and other electrical devices.
This conductivity can alter the properties of
other materials when made into a composite
with Graphene as well. Another important
property of Graphene is its lack of a band gap.
[5] When semiconductor materials are voltage
biased in one direction or another, electrons
enter the conduction band (positive bias), or
holes enter the valence band (negative bias). The
holes and electrons in these two situations then
become the dominant mobile carriers [18];
essentially Graphene can be switched from p-
type to n-type simply by changing the bias
voltage. Graphene is thus deemed “ambipolar,”
giving rise to flexible circuits that can create
junctions on demand for various logic purposes.
For example, it is possible to take a sheet of
Graphene, place a layer of silicon oxide between
it and an electrode, and place electrodes on
either side of the Graphene creating a MOSFET -
like device that can act as “PMOS” or “NMOS”

[5]

GRAPHENE DEPOSITION

Creating a quality Graphene product is
one of the most difficult topics studied in
microelectronics, and materials science today.
Because true Graphene is only an atom thick
(one layer of carbon atoms), it requires very
precise development. One of the most successful
ways, and the first, to create a single layer of
Graphene is mechanical exfoliation. This
technique involves ripping layers of Graphene

off from each other using various methods. One
method is intercalation and exfoliation, which
inserts (for example) Potassium between the
layers of carbon. The potassium then reacts
violently with alcohol to rip apart the layers.
Another method, one which has seen very good
results: the “peeling” method involves using
common cellophane tape to successively remove
layers from a flake of graphite. Once a thin
enough (not one layer) the tape is pressed onto a
substrate and removed. Van der Waals attraction
can de-laminate a single sheet and leave it on the
substrate. The problem with mechanical
exfoliation is that it is neither scalable nor high
throughput, making it extremely unattractive for
large scale production. Other methods try to
solve this problem. One such method is using
chemically derived graphite oxide. Graphite is
oxidized and diluted with water, and since water
is hydrophilic, the graphite-oxide exfoliates
automatically (into individual sheets). Then
hydrazine hydrate is added to the solution under
high temperature, de-oxidizing Graphite Oxide
into Graphene. Though once deoxidized, the
Graphene sheets can congregate into bulk
Graphene (graphite) but optimizations to this
process can counteract this effect. [5]

GRAPHENE CHARACTERIZATION

Once created, it is important to
characterize the products created. In other words
figure out how thin the Graphene is and thus its
properties. Scanning probe microscopy is one
method to measure the thickness of the created
samples. However, due to Graphene’s uniquely
high conductivity at low thicknesses, it can
interfere with the measurements of such devices.
As such, Raman Spectroscopy is used to
determine  thickness by measuring the
frequency/wavelength shift of reflected light.
Because Graphene’s properties rely heavily on
its  thickness and  crystalline  quality,
characterization is of utmost importance. [5]



CONCLUSION

Graphite and graphene have a hexagonal crystal
structure combined with sp2 atomic bonding.
Diamond on the other hand, has a cubic crystal
structure, with sp3 atomic bonding. Diamond is
currently used in high technology thermal and
tribological coatings and is not too difficult to
manufacture of characterize, but getting a good
quality seed layer is difficult, and transistor
technology doesn’t seem to be getting much
attention, and costs are high. Graphene is
currently being researched for its Ability to
improve transistors and sensors, with the
potential for reducing costs because of its vast
abundance. The current challenges with
graphene is it’s difficult to manufacture and
difficult to characterize. While both diamond
and graphene are vastly different versions of the
same element, they both have a tremendous
potential for improving future technology and
we predict strong future growth and opportunity.
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