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Abstract

Graphene is a promising advanced material for broad applications in integrated
circuits, radio frequency transistor, composite materials, transparent conducting
electrodes and energy storage. Although graphene, particularly the electron transport
property in graphene, has been widely studied, synthesis, thermal property and
application are still challenging. To cover these critical issues, this thesis has studied the
synthesis of monolayer and multilayer graphene by chemical vapor deposition(CVD) on
Ni-Cu alloy; thermal transport measurement; the oxidation resistance of graphene
coating on metals; doping effect of metal deposition on graphene and the application in
gas sensor. The major results are as follows:

Large area monolayer graphene with controllable domain size varing from few
microns to hundreds microns were synthesis by decomposing methane on Cu foil.
Carbon isotope-labeling technique has been employed to study the self-limiting growth
mechanism. Moreover, domain sizes and grain boundaries as well as the point defects of
the as-grown graphene were characterized by thermal oxidation. In addition,
submonoalyer, monolayer, multilayer graphene and ultrathin graphite films were
successfully grown on Ni-Cu alloy foil by the use of a cold-wall CVD with methane and
hydrogen as precursors. The dependence of the growth rate of graphenen islands at early
stage on the grain orientation of Ni-Cu foil was clearly observed for the first time. The
optical and electrical properties were studied with respect to film thickness.

Using micro-Raman spectroscopy, the thermal conductivity of a graphene
monolayer grown by CVD and suspended over holes with different diameters ranging
from 2.9 to 9.7um was measured in vacuum, thereby eliminating errors caused by heat
loss to the surrounding gas. The thermal conductivity values of the suspended graphene
were determined to be from (2.640.9) to (3.1£1.0)X10° W/mK near 350K. The

preliminary result of the sample size dependence of graphene thermal conductivity was



discussed. Moreover, from Raman measurements performed in air and CO, gas
environments near atmospheric pressure, the heat transfer coefficient for air and CO;
was determined and found to be (2.9+5.1/-2.9) and (1.5+4.2/-1.5) X 10* W/m’K,
respectively, when the graphene temperature was heated by the Raman laser to about
510 K.

The ability of graphene films grown by CVD to protect the surface of the metallic
growth substrates of Cu and Cu/Ni alloy from air oxidation was demonstrated for the
first time. In particular, graphene prevents the formation of any oxide on the protected
metal surfaces, thus allowing pure metal surfaces only one atom away from the reactive
environments. SEM, Raman spectroscopy, and XPS studies showed that the metal
surface is well protected from oxidation even after heating at 200°C in air for up to 4
hours. Our work further showed that graphene provides effective resistance against
hydrogen peroxide. This protection method offers significant advantages and can be
used on any metal that catalyzes graphene growth.

The deposition effect of metals on graphene was studied by in situ field effect
transistor (FET) measurements in high vacuum. The shift of Dirac point in graphene
was studied as a function of metal (Ag, Au, and Cu) film coverage. It was found that the
metals Ag and Cu cause a shift of the Fermi level from Dirac point into the conduction
band while Au causes the shift into the valence band, and this was rationalized as due to
the difference in work function values between metal and graphene. In addition, we
evaluated the ability of graphene FET as a gas sensor by studying the
adsorption/desorption of ammonia molecules on the graphene surface. On the basis of a
physically plausible model, the adsorption and desorption rates of ammonia molecules
on graphene have been extracted from the measured Fermi level shift as a function of
exposure time. An electric-field-induced flipping behavior of the ammonia molecules on

graphene is suggested based on FET measurements.

Keywords: Graphene; Chemical vapor depositon; Thermal transport; Field effect

transistor; Oxidation resistance.
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