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Twisted graphene with randomly stacked layers has attracted significant attention due to its unique electrical and optical
properties, stemming from its linear band dispersion near the Fermi level and its ability to minimize substrate impurities.
Traditionally, twisted graphene was fabricated by transferring monolayer graphene, produced via mechanical exfoliation or
chemical vapor deposition (CVD) on copper, but contaminants generated during transfer processes could degrade device
performance. Thus, clean crystal growth methods for large-area synthesis are essential.

The catalyst-free CVD process on graphene templates offered a promising solution for high-performance twisted few-layer
graphene (tFLG) synthesis. This vapor-solid growth method favors random stacking of graphene layers, as it is challenging for
graphene nanoflakes to rotate on a solid surface during nucleation. However, macrostructural defects, such as wrinkles and
impurities from the transfer process, hindered the vapor-solid growth, affecting the uniformity and crystallinity of the resulting
graphene. To address these issues, this dissertation explored strategies for synthesizing high-quality twisted graphene on
graphene/silicon carbide (SiC) templates using ethanol-based CVD.

In the first part of the dissertation, the overlayer growth of graphene on epitaxial graphene/SiC was studied across a
temperature range of 900-1450 °C. Atomic force microscopy (AFM) and scanning tunneling microscopy (STM) revealed that
graphene islands grown at 1300 °C formed hexagonal twisted bilayer graphene with high crystallinity and random stacking
angles. The growth mechanism for these randomly twisted structures was also discussed. Increasing the growth temperature
above 1400 °C resulted in circular graphene islands, but moiré patterns with varying periodicities indicated the presence of
multiple graphene domains with different twist angles, caused by high nucleation density during the initial stages. By analyzing
multiple factors, the underlying mechanism that ran counter to conventional thermodynamic trends was elucidated.

The second part investigated a sequential thermal (ST) process to reduce nucleation density. This method involved limiting
the exposure of graphene/SiC templates to ambient air before CVD growth. AFM analysis revealed that the ST process
significantly suppressed nucleation density compared to the air-exposure (AirE) process under identical growth conditions, likely
due to the improved cleanliness of the template surface. A comprehensive temperature study showed that nucleation behavior
drastically changed above 1300 °C, potentially due to etching effects. Raman spectroscopy confirmed the successful synthesis
of twisted graphene, with a high proportion of twisted structures. To enable nucleation on the improved surface cleanliness
below 1300 °C, an increased carbon source supply was required. However, this led to the formation of multilayer graphene
islands, which limited the large-area layer-by-layer growth of tFLG.

The third part introduced a carbon dioxide (CO,)-assisted etching process to create active sites on the graphene/SiC surface
for enhanced nucleation in ST process. Optimized etching conditions (1150 °C, 80 kPa, 1 minute) facilitated the growth of
twisted monolayer graphene on etched graphene/SiC templates. The CO; etching process induced template defects and holes,
promoting better nucleation during subsequent CVD growth. Structural analysis confirmed the regrowth and successful
monolayer graphene growth under optimal conditions. This study also explored the impact of etchants during CVD growth,
presenting a two-stage growth approach for uniform large-area tFLG synthesis. The CO»-assisted etching process activated the
surface, enabling reliable nucleation of twisted graphene on a clean template and laying the foundation for layer-by-layer growth.

This dissertation offered innovative methods for synthesizing high-quality twisted graphene on graphene/SiC templates. It
developed a catalyst-free CVD approach for high-crystallinity, randomly stacked twisted graphene, presented the ST process to
control nucleation density, and introduced the CO: etching process to enable monolayer graphene growth on clean surfaces.
These findings provided a foundation for large-scale production of tFLG and open avenues for studying its physical properties

and applications.
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