Exploring the Interplay of Layered Materials: Atomic Force Microscopy
as a Path to Morphology and Functional Properties of Heterostructures
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Heterostructures of 2D materials often are more than the mere sum of their parts. Novel
mechanical, electronic and opftical properties can arise from the interplay of stacked 2D
structures. This becomes particularly evident when orientation mismatch or strain between
subsequent layers significantly modifies the properties of the involved materials with respect
to bulk. Such complex phenomena require equally versatile means of characterization that
allow studying such features on a local scale, be it functional parameters like the
morphology, conductance, surface potential, piezoelectricity, or local mechanic features
like stiffness and adhesion. Atomic force microscopy (AFM) has been established as a most
versatile tool since it allows to quantitatively measure a holistic pool of parameters non-
destructively with sub-nanometer resolution.

In this talk, we provide several state-of-the-art examples for the fundamental characterization
of layered 2D heterostructures using AFM. As infroduced in several recent accounts, stacks of
graphene and hexagonal boron nitride (hBN) can be deposited on Si/SiO2 with a controlled
twist angle to give rise to different properties ranging from moiré pattern in the local
conductance [1,2] to ferroelectric superlattices [3-5]. We describe the characterization of
ferroelectric domains in such parallel stacked hBN by both electrostatic force microscopy
(EFM) and Kelvin probe force microscopy (KPFM) in addition to manipulation of these
domains by applying a bias to the sample via the AFM probe. These highly resolved electrical
measurements can be further correlated with local mapping of the nanomechanical
response of the sample, providing a complete set of information about the properties of hBN
and similar 2D materials and allowing their optimization for applied research.
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Figures

Figure 1: Example of the electrostatic characterization of layered heterostructures using AFM:
Mapping of interfacial ferroelectricity in parallel stacked hBN using KPFM.

Graphene2022 Aachen (Germany)


mailto:klasen@parksystems.com

