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ABSTRACT

Through this AFOSR grant, significant progress has been made in setting up chemical vapor
deposition capabilities for the synthesis of crystalline two dimensional layered materials as well
as developing a residue-free viscoelastic stamping process for nanodevice fabrication involving
black phosphorus, NbSe2 and other van der Waals solids. These capabilities were nonexistent
in Prof. Kaul’s group prior to the start of this AFOSR grant. Over the course of the AFOSR grant,
the clean viscoelastic stamping process has resulted in suspended membranes of MoS2, black
phosphorus and NbSe2 to study their light-matter interactions. As an example, mesoscopic
multilayer MoS; in a metal-semiconductor-metal (MSM) architecture showed an excellent
photoresponse where the dominant photocurrent mechanism was determined to arise from the
photoconductive effect (PCE), and the external quantum efficiency (EQE) with gating was
determined to be ~ 10% An analysis of the temperature-dependent optoelectronic properties of
multilayer black phosphorus (BP) contacted with Mo electrodes unveiled that the Schottky
barrier ¢, of the Mo-BP interface was low, ~ 44.8 meV, which helped in achieving a high
photoresponsivity of ~ 4.25 x 10* A/W. The thermally driven photocurrent generation
mechanism arising from the photobolometric effect (PBE) dominated the carrier dynamics,
particularly for temperatures > 175 K, while below this temperature, the photovoltaic effect (PVE)
appeared to be at play. The comparative study on MoS; devices yielded the broad dominance of
the PVE over the entire thermal range (6 K up to 350 K). Finally, the activation energy E;and the
maximum bolometric coefficient Bmax were empirically calculated to be ~ 23.5 meV and - 3.85
mS/K, respectively. It is notable that this is the highest 8 reported on multilayer BP at 350 K. Our
work generally shows the exceptional potential of 2D layered materials to shape the landscape
of future electronic, optoelectronic and quantum scale devices over the coming years.
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The Kaul Group is extremely grateful to the support received from Dr. Kenneth Goretta’s program
at the AFOSR to pursue this research, and also to UTEP Engineering Dean, Dr. Theresa
Maldonado, whose assistance has been invaluable during the transition process for Dr. Kaul from
UTEP to UNT. Provided below are the publications that have appeared or are in the process of
being prepared or submitted for peer review, through the support received from this AFOSR
grant, along with other activities.
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Photonics), pp. 3697-3702, 2017.
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applications,” Proc. SPIE 10209, Image Sensing Technologies: Materials, Devices, Systems,
and Applications 1V, 1020912, April 2017, doi: 10.1117/12.2262854
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N. Adhikari, A. S. Bandopadhyay, and A. B. Kaul, “Nanoscale characterization of WSe2 for
opto-electronic applications,” poster presentation, The Materials Research Society (AVS)
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A. S. Bandyopadhyay, G. A. Saenz, and A. B. Kaul, “Characterization of few layer tungsten
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Society (AVS) Spring Meeting, Phoenix, AZ, April 2017.

G. A. Saenz, C. de Anda Orea, and A. B. Kaul, “Single and few-layer MoS2: CVD synthesis,
transference and photodetection application,” poster presentation, The Materials Research
Society (AVS) Spring Meeting, Phoenix, AZ, April 2017.
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Society (AVS) Spring Meeting, Phoenix, AZ, April 2017.
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Ridwan Hossain (PhD candidate): 1% place in Graduate Student Expo, University of Texas, El
Paso, Fall 2017.

TEACHING

Courses Developed and Taught

University of North Texas, Denton, TX

¢ “Fundamentals of Materials Science and Engineering”

Spring 2018, 2019
>

Introductory concepts of Materials Science and Engineering geared for upper division
undergraduate students (juniors and seniors). Course offered as: MTSE 3000

» Topics discussed include: Principles of bonding, structure, and structure/property

relationships for metals and their alloys, ceramics, polymers and composites. Emphasis on
properties and how processes change structure and, consequently, properties.

CONFERENCE ORGANIZING

e Scientific Committee Member, International Conference on Nanomaterials, Nanodevices,
Fabrication and Characterization (CNNFC’16), Prague, Czech Republic, April 2017, April 2018.

PROFESSIONAL ACTIVITIES

e Editorial Board Member, Nature Sci. Reports, Jan. 2019 — present

¢ Nucleating research and educational activities under the PACCAR Technology Institute (PTI)
for PTl-affiliated faculty and students at the University of North Texas,
https://paccar.unt.edu/home

e External Advisory Board Members review meetings for Penn State University’s 2D Crystal
Consortium (2DCC), A National User Facility funded by the NSF Division of Materials Research

(DMR), Materials Innovation Platform (MIP) at ~ $18 Million for 5 years, renewable for an
additional 5 years.
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