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Abstract:

Graphene is of great interest to many in the scientific and technological communities due to its fundamental 
properties and possible applications. While methods to synthesize graphene are being discovered and improved, 
the challenge of making graphene in large lateral dimensions of the same high quality as small mechanically 
exfoliated flakes is ongoing. Although graphene can currently be produced in various commercial chemical 
vapor deposition (CVD) machines, such as those used for synthesis from silicon carbide, these are costly. Less 
expensive machines are an attractive alternative. Members of our group assembled a thermal CVD system 
to grow graphene, hoping for high quality and large lateral dimensions for fundamental science and with a 
new design. This paper briefly presents this new system.

strength), extremely high thermal conductivity even at room 
temperature, and the high electron and hole carrier mobilities 
also at room temperature [2, 3]� Figure 1 shows an image of 
graphene and a cartoon showing how other materials such 
as fullerenes or nanotubes could be conceptually “cut out” 
from it; in reality nanotubes and fullerenes would never be 
made in quantity from graphene precursors [4]�

Many researchers have and are still trying to create and 
improve the methods by which graphene is synthesized� 
One technique is thermal CVD. Gas precursors flow into 
a reactor where they can collide with a substrate and some 
fraction decompose yielding surface diffusing species that 
can then incorporate into solid films, such as graphene.

Experimental Procedure:
While the Ruoff lab already has small thermal CVD systems, 
they are more routine and are in fact not home-built with 
optimizing graphene growth in mind, other than through 
relatively simple modifications. Figure 2 shows a schematic 
diagram of the CVD system that our group worked on this 
summer� The system has a manifold for use of six different 
gases to grow graphene on a copper substrate�

To ensure that the external environment could not penetrate 
our system, we used flanges with copper gaskets to connect 
each piece of equipment. The flanges had a knife edge on 
each side that, when tightened, cut into the copper gasket 
and created a high vacuum seal� We also used gate valves 

Figure 1: This image shows graphene and cartoons of how 
it conceptually can be used to “cookie cutter” out nanotubes 
and fullerenes. However, it cannot be a “base structure” for 
cookie-cutting out diamond, or negative curvature carbon, 
or the myriad amorphous carbons that are a mixture of sp2- 
and sp3-bonded carbon [5].

Introduction:
Graphene, a two-dimensional (2D) material, consists of 
carbon atoms that are sp2-bonded to create a single layer 
film [1]. It is of interest due to its mechanical properties 
(high elastic modulus and, in defect free areas, high 
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that, when open, allowed both the most gas flow and large 
area samples to pass through� In some CVD systems, turbo 
pumps are installed at an angle to the main system, and, 
therefore, molecules must bounce off the system wall at the 
correct angle in order to enter the pump� We installed our 
pump with line-of-sight of the growth chamber�

The system was computer-controlled using LabView 
programs in order to give higher accuracy and repeatability 
in controlling growth conditions; we programmed control 
gas flow, system pressure, valve positions, and the 
temperature at which the system was being operated� The 
programs were designed so that a user could specify times 
to change the growth conditions�

The system had a four-inch quartz tube instead of a one-inch 
quartz tube (as our other thermal CVD systems have) so that 
larger samples could be inserted� By using a larger four-inch 
tube, we would be able to insert three-inch wafers�

By assembling this CVD system on our own, we avoided 
the high cost of ordering a commercial system�

Future Work:
We have almost finished assembly, but have not yet grown 
a graphene sample� I look forward to hearing from the team 
about whether or not they get high quality graphene over 
large areas in the future�

Figure 2: A schematic of the thermal CVD system 
that members of our lab are assembling.
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