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Abstract

This research has studied the optimization of novel layer transfer methods for two-
dimensional (2D) materials, mainly transition metal dichalcogenides (TMDCs). It is now
widely accepted that 2D materials are the future hope for replacing silicon CMOS technology
due to their exceptional multifunctional properties such as high optical absorption and
transparency, superior mobility, high surface to volume ratio, tunable bandgap, mechanical
compliance, absence of dangling bonds and so on. 2D materials alleviate the limitations of
traditional Si technology, such as high leakage current, short channel effect, etc. Earlier, 2D
material-based electronic, optoelectronic, twistronic, flextronic, and biomimetic devices were
fabricated on micromechanically exfoliated single crystal flakes, but large-area growth
techniques like chemical vapor deposition (CVD), metal-organic CVD (MOCVD), molecular-
beam epitaxy (MBE), and physical vapor deposition (PVD) have made steady progress in
recent years. However, the direct growth of 2D materials on the substrates that are desirable
for commercial applications is frequently constrained by the requirement of high growth
temperatures, chemically active growth precursors and promoters, and the requirement for
epitaxy. This has led to the development of layer transfer methods for transferring 2D materials
with varying degrees of cleanliness and homogeneity. Layer transfer requires optimization to

minimize the damage of transferred film and ensure clean interfaces.

We first investigated the limitations of existing transfer methods and then optimized a
water-soluble layer-based transfer (WSLT) process that yields clean, damage-and wrinkle-free
large-area transferred 2D films. WSLT process outperforms conventional transfer methods in
maintaining the structural integrity and uniformity of the as-grown film after transfer. Although
the WSLT technique is superior to conventional methods, it still uses PMMA and chemical

etchant (NaOH), which could contaminate the transferred film and reduce device performance.



Therefore, we developed a novel transfer process named the quasi-dry layer transfer method,
free from PMMA residues and chemical etchants. Furthermore, the compatibility of this
transfer method with the nanoscale device fabrication technology is demonstrated by
fabricating 2D heterostructures and flexible broadband photodetectors. We fabricated 2D/2D
(MoS2/WS2 and vice versa) and 2D/3D (MoS2/B-Ga203) van der Waals (vdW)
heterostructures. In MoS2/B-Ga203 heterostructure, we observed a straddling (type I) band
alignment, with a valence band offset (VBO) of 2.28 eV and a conduction band offset (CBO)

of 0.73 eV.

We also fabricated MoS2/mica and MoS2/B-Ga203/mica flexible photodetectors and
studied their performance with bending/tensile strain and temperature. The responsivity and
detectivity of the MoSz2/mica flexible photodetector were found to be 1.10 mA/W and 3.86 x
10'° Jones, respectively. The PDCR, responsivity, and detectivity of the MoS2/B-Ga203/mica
flexible photodetector were calculated to be 10°, 7.21 mA/W, and 2.4 x 10'! Jones,
respectively. The photocurrent and responsivity were increased by 155% and 136% under
0.61% tensile strain. Additionally, no noticeable change in the photocurrent was observed even
after 500 bending cycles, revealing excellent flexibility and robustness of the device. The
device was also thermally stable at high temperatures up to 125°C. We also studied the
blistering kinetics in 4H-SiC and optimized a two-step annealing process for large-area
exfoliation for potential layer transfer applications. This research will appeal to communities
interested in manufacturing devices based on 2D materials for electronics, optoelectronics,
flexible electronics, straintronics, spintronics, twistronics, radiation-tolerant electronics, bio-
inspired electronics, and edge sensors for internet of things (IoT) devices. This work will also
be interesting to scientists who want to use 2D materials with different platforms such as Si

augmentation/replacement, the Internet of Things, 2D/2D or 2D/3D heterostructures, etc.
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