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Abstract: Van der Waals materials, characterized by their planar crystalline structures and weak
interlayer interactions, hold immense potential for creating atomically thin heterostructures. In this
experimental work, we study the mechanical exfoliation through the ”scotch-tape” method of van
der Waals materials, specifically graphene and BiSbSe3, and the fabrication of heterostructures using
these materials. Optical microscopy analysis provided insights into the color contrast and intensity
profiles of the graphene flakes, enabling qualitative estimation of the number of layers. However,
in the case of BiSbSe3, the obtained flakes were unevenly broken, consisting of both few-layers
and significantly greater numbers of layers, hindering the qualitative determination of single-layer
thickness.

I. INTRODUCTION

This section provides a brief introduction to van der
Waals materials and heterostructures, followed by a pre-
sentation of the experimental methods of synthesis of 2D
materials.

Van der Waals materials are characterized by their
crystalline planar structures, where atoms are held to-
gether by strong in-plane interatomic covalent bonds
within each 2D layer, while weak Van der Waals interac-
tions exist between the layers [1]. These materials hold
significant interest on their own, but their true potential
lies in the possibility to easily isolate individual thin lay-
ers from the bulk by breaking the van der Waals bonds
that hold the layers together.

In recent years, there has been great interest in the
synthesis and isolation of 2D materials, as thin layers ex-
tracted from various van der Waals crystals can be atom-
ically combined and reassembled on top of other to create
complex heterostructures.

Heterostructures are artificially assembled materials
consisting of stacked 2D layers of dissimilar materials
held together by weak interlayer interactions [2]. These
weak interlayer interactions preserve the individual origi-
nal properties of the constituent materials, while the het-
erostructure itself can exhibit unique properties that arise
from the interaction between the different layers. These
properties can be controlled by varying the stacking con-
figuration, orientation, and thickness of the layers.

Several techniques have been established for the fab-
rication of 2D materials. The two main approaches are
bottom-up and top-down methods. The bottom-up ap-
proach involves building new structures directly from ba-
sic elements. Techniques such as chemical vapor deposi-
tion (CVD) and hydrothermal synthesis are method ex-
amples that generally provide high-quality but limited
quantities of materials [3]. These techniques are useful
for constructing small-scale electronic devices but they
are not cost-effective for large-scale applications [4].

Alternatively, the top-down approach is more afford-
able and accessible. It involves applying physical and/or

chemical disturbances to bulk-layered crystals to weaken
the interlayer van der Waals forces, causing single or few-
layered nanosheets to detach from the surface [3]. Some
top-down methods include sonication and mechanical,
chemical, and microwave-assisted exfoliation.
In this study, we focused on mechanical exfoliation fol-

lowing the ’scotch-tape’ method, in which the source ma-
terial is peeled off using adhesive tape. Mechanical exfo-
liation is a technique that applies longitudinal or trans-
verse stress to the surface of layered materials, break-
ing down the large pieces into nanostructures [5]. This
method was used in 2004 as the first graphene synthesis
technique [6]. Andre Geim and Kostya Novoselov were
awarded the 2010 Nobel Prize in Physics ”for ground-
breaking experiments regarding the two-dimensional ma-
terial graphene” [7].
Among the numerous van der Waals materials that can

be isolated into atomic monolayers, graphene has proved
to be the most popular due to its unique band structure
and exceptionally high carrier mobilities, exhibiting the
highest mechanical strength. Consequently, in this study,
we intend to mechanically exfoliate graphite to obtain
single or few-layer graphene. Additionally, we aim to
create graphene and BiSbSe3 heterostructure following
the dry transfer technique.

II. EXPERIMENTAL PROCEDURE

This section will explain the steps and experimental
setup for the graphene and BiSbSe3 exfoliation and the
heterostructure fabrication processes.

A. Graphene and BiSbSe3 exfoliation

As previously mentioned, there exist several estab-
lished techniques for 2D material synthesis. In this study,
our focus lies on the micromechanical exfoliation of the
Van der Waals materials, which will subsequently form
the heterostructure following the ’scotch-tape’ method.
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The micromechanical exfoliation of graphite and
BiSbSe3 consists of peeling off the crystals using adhesive
tape. After the peel-off, multiple layers of the material
remain on the tape. By repeatedly peeling the tape, these
multiple-layer portions are cleaved into several few-layer
flakes. The flakes are then transferred from the tape onto
the supporting substrate [8]. In this study, we utilized p-
doped Si coated with 440nm thick SiO2 as substrates, as
we can see in Figure 1.

FIG. 1: Image of the exfoliated BiSbSe3 on the tape (left)
and the SiO2 substrates (right).

The Si chips were cut from 3 inch Si wafer and cleaned
beforehand. Due to its cubic crystallographic structure,
it is easy to cut the substate sheets into 0.5mmx0.5mm
square pieces. Additionally, we employed an oxygen
plasma cleaner to eliminate all organic matter from the
surface of the chips and the glass slides used in the ex-
periments.

Notably, this process is carried out in a clean room.
Cleanrooms are designed to eliminate pollutants, parti-
cles, and contaminants from the ambient air, an impor-
tant step to get good quality materials and interfaces in
our experimental study.

B. Characteritzation

In our study, optical microscopy was employed, as
shown in Figure 2, to characterize the flakes obtained
through the micromechanical exfoliation process.

This characterization technique provides a qualitative
and approximate estimation of the number of layers and
thickness of the exfoliated flakes. The color contrast ob-
served on the SiO2 substrate varies depending on the
number of layers of the flake. For 440 nm and with white
light illumination on top of the SiO2 substrate, the main
color contrast appears in the green spectrum [9]. By con-
ducting an analysis of the green channel, we can obtain
the intensity profiles of the chosen flakes which allow us
to differentiate between single-layer and multilayer flakes.

The differences in refraction in the characterization
profiles between different materials can be attributed to
several factors. Firstly, each material has its own re-
fractive index, which determines how light propagates
through it and leads to variations in the observed color
and intensity of the flakes of each material. The reflection

FIG. 2: Images of the optical microscope used in this study.
The image on the right is a closer view that showcases the
mechanism employed to assemble the heterostructure. The
camara is connected to a computer where we visualize, with
a 20x zoom, the surface of the substrate thanks to the Aixo-
CAM programm.

of light is also influenced by the thickness of the flakes
deposited on top of the substate, thickest chunks of ma-
terial tend to reflect more light, resulting in a decrease
in the observed intensity profile [9].
We will focus on the specific characterization con-

ducted for each 2D material (graphene, BiSbSe3) in the
Results and Discussion section.

C. Heterostructure Fabrication

To fabricate van der Waals heterostructures we have
used a transfer technique, which consists of several steps.

FIG. 3: Scheme of the dry transfer process of BiSbSe3 into
graphene. Fist, BiSbSe3 crystals are peeled from the bulk
crystal with tape. The flakes obtained are exfoliated from the
tape to the PDMS. Finally the BiSbSe3 flakes are transfered
to the graphene flake, previously transfered to the SiO2 sub-
state [10].

As illustrated in Figure 3, first we used Polydimethyl-
siloxane (PDMS) as a viscoelastic stamp to pick-up a
BiSbSe3 flake. The stamp is attached to a glass slide
and mounted on a x, y, z micromanipulator, as shown in
the right image of Figure 2, enabling precise control of
its position with respect to the targeted graphene flake
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