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Many of the intriguing properties of 2D devices rely on the relative rotational alignment 

between layers. For instance in the graphene/hBN system, band structure modulation can 

occur at specific alignments [1], but a misalignment may be beneficial if innate graphene 

properties are to be examined. To allow for scalable graphene/hBN heterostructure 

formation, this work investigates hBN growth on single-crystal epitaxial graphene (EG) on 

macrostepped SiC(0001) substrates. The presented results suggest these macrosteps may 

influence the hBN epitaxial relation such that a metastable, 30° in-plane hBN/EG alignment 

is more favorable with certain growth conditions than the direct 0° alignment between 

hBN/graphene, despite their similar crystal structures.  

Plasma-enhanced chemical beam epitaxy (PE-CBE), an ultra-high vacuum (UHV) 

compatible process, was utilized to provide a clean environment for examination of the hBN 

structural, electrical, and chemical properties via in-situ and in-vacuo characterization 

methods. To determine the effect of substrate macrostep morphology, EG on SiC (0001) 

substrates with no offcut and with a 4° offcut toward <11-20>SiC were tested. The alignment 

of the hBN/EG/SiC(0001) heterostructure was studied by relating in situ electron diffraction 

to nuclei edge directions. In addition, cross-sectional transmission electron microscopy 

(TEM) confirmed registry of the hBN to the EG/SiC substrate, while plan-view TEM showed 

in-plane alignment and uniformity. The macrostep-directed epitaxy of hBN on EG 

highlighted in this work highlights the possibility of various rotational alignment during van 

der Waals epitaxy, a promising feature for direct growth of 2D heterostructures. 
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Figure 1: Cross-sectional HRTEM of hBN grown by PE-CBE on EG/SiC(0001) substrates 

imaged in the <10-10> zone axis of SiC and associated schematic of the plan-view hBN/EG/SiC 

crystalline orientation for the “high-flux” condition (left) and “low-flux” condition (right). 

Arrow in schematic indicates the zone axis of TEM images. 
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