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Research Interest

e 2D materials based on-chip photonics
e Straintronics in photonics

¢ Quantum optoelectronics

e Optical interconnects

e PCM based reconfigurable photonics
¢ Nonvolatile photonic memory

e Tunnel junction based optoelectronics
e Van der Waals Heterostructures

Technical Expertise & Software Skill

Deposition & Growth 2D material exfoliation (micro-mechanical & Liquid phase
exfoliation, 2D printer, Pick n drop transfer)

CVD growth, Wet & Dry transfer of 2D materials, MBE,
Sputtering (DC & RF), ALD, PLD & PECVD

Device Fabrication E-beam, ion beam & thermal evaporation, spin & dip coating
Electron Beam Lithography, Focus-ion beam Lithography, Photo
Characterization lithography, wet & dry etching process

optical characterization (absorption, PL measurement- PL decay,
PL excitation spectroscopy, PL imaging, EL & photo-current
measurement, Raman spectroscopy)

surface characterization- AFM, SEM, TEM, XRD

Electrical characterization- Hall resistivity, mobility,
magnetoresistance, I-V & C-V, High speed device

characterization
Optical Components Lumerical FDTD/Device/Mode/Interconnect, COMSOL
Image Processing Mathematica, Origin, AutoCAD, Photoshop

Programming C C+



Employment, Internship & Teaching experience

George Washington University, Post-Doctoral Fellow, Washington D.C. 1/11/2017-
Present

Research area includes: nanophotonic devices, Electro-optic modulator, optical
interconnect, novel materials, plasmonics & metamaterials, Tunnel junction & Smart
window, ITO based optical modulator & switch

University of Brescia, Research Internship, Brescia, Italy 1/1/2016-30/06/2017
Research area includes: photonic sensor devices, novel materials, chemical sensors,
single NW transistors for sensing applications

As a teaching assistant, I have taken tutorial classes for B. Tech 1st year students for one
semester (3 lectures per week for Physics-1 course) at the Dept. of Physics, IIT
Kharagpur. (1 semester)

I acted as a laboratory instructor for B. Tech students at the Dept. of Physics, IIT
Kharagpur. (4 semesters)

As a teaching assistant, I acted as a laboratory instructor (Condensed matter Physics
Lab) for postgraduate students (Lateral M. Sc.), Department of Physics, IIT Kharagpur.
(3 semesters).

As a teaching assistant, I acted as a laboratory instructor (Nuclear Lab) for postgraduate
students (Lateral M. Sc.), Department of Physics, IIT Kharagpur. (1 semester)

As a teaching assistant, I acted as a laboratory instructor (Electronics Lab) for
postgraduate students (Lateral M. Sc.), Department of Physics, IIT Kharagpur. (1
semesters)

S. N. Bose National Centre for Basic Sciences, summer intern, Kolkata, India
5/2011-7/2011

Educational Background

20/7/2012  Ph.D. | Indian Institute of Technology Kharagpur (IIT-KGP)
- 06/08/17 Department of Physics

Thesis Title: Studies on hybrid graphene nanostructures for
optoelectronic devices Supervisor: Prof. S. K. Ray

Visiting Student under Erasmus Mundus LEADER
Sensor Lab, Department of Information Engineering,
University of Brescia, Italy

22/07/2010 M Sc Indian Institute of Technology Kharagpur (IIT-KGP)
- 06/06/12 Department of Physics

Major in Physics (8.75/10.00)
Thesis Advisor: Dr. Prof. S. K. Ray




18/06/2007 B Sc Ramakrishna Mission Vidyamandira
-15/07/10 University of Calcutta, West Bengal, India
Physics Hons. (75.63%, 1 Class)
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2020 OSA Jean Bennett Student Travel Grant

2019 IEEE IEEE Young Professional Travel Grant

2019 NSF NSF Travel Grant

2019 MRS Postdoc Hardship Registration Grant for 2019 MRS Spring Meeting

Post-Doctoral Fellowship
2017-20*  GWU

2016-17  European Erasmus-Mundus LEADER Fellowship

Union(EU)
2014-15 MHRD, Senior Research Fellow
Govt. of Ind
2012-14 MHRD, Junior Research Fellow
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2007-12  DST, INSPIRE Scholarship
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2012 UGC-CSIR National Eligibility Test (NET) qualified
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Member
Societ . Membership Type
y Since PyP
Material Research Society (MRS) 2016 Student Member
Society of Photographlc Instrumentation 2017 Student Member
Engineers (SPIE)

Optical Society of America (OSA) 2018 Student Member
IEEE photonics society 2019 Student Member

Journal Reviewer

Thin solid film (Elsevier)
Scientific Reports (Nature Publishing Group)
ACS Photonics (ACS)



Nano-Photonics (De Grutyr)
Material Research Express (IOP)
Sensor (MDPI).

Research Outline

Modern computer architectures require efficient interconnects with low power dissipation
and large signal bandwidth. Traditional electrical interconnects are not up to the mark due to
their limited bandwidth, cross-talk, and signal distortion etc. Optical interconnects could
offer a promising solution to this challenge. Therefore, we need Efficient on chip photonic
components like electro-optic modulator and detector. My research is primarily focused on
heterogeneous integration of two-dimensional (2D) layered materials, with highly tunable
properties for next generation efficient nanophotonic devices.

During PhD, My Research was primarily focused on how to enhance the light-matter
interaction of graphene since the absorption of graphene is less and it is also a zero band gap
materials. So, the idea is to couple more light to graphene and also to get the selectivity in the
photodetection by opening the band gap. So, during my course of PhD work, I have tried
several steps like i) controlling the degree of reduction to tune the band gap, ii) to integrate with
noble metallic NPs to use LSPR effect iii) integrating graphene with photonic crystal
microcavity iv) graphene nanostructures and also try to fabricate v) Van Der Waals
heterostructures to improve the performance of graphene photodetector.

Research Project

Strain engineered 2D materials for integrated photonic devices 1/1/2019-present
e To study the strain engineering in 2D materials
e Understanding the tunability of physical properties as a function of strain
e Design and fabrication of strain tunable optoelectronic devices
Optical Modulation based on 2D atomic layered materials 1/11/2017 — present
e The goal of this project is to build a highly functional electro-optic modulator/detector
based on TMDs integrating them on Si-photonic chip.
e Explore the mechanism behind the modulation in terms of role of exciton for the TMDs
material.
e Study the interaction between TMDs and Si photonic devices and determination of index at
1.55 um.

Integration of 2D materials on SiN platform 1/3/2018 — Present
e To study the enhance light-matter interaction in 2D materials

e Active modulation of 2D material emission by all optical approach
e Study QCSE in hetero-bilayer structure

Optoelectronics based on hybrid graphene nanostructure 01/06/2013 — 31/01/2017



Studied graphene oxide (GO) based p-n heterojunction for broadband efficient CMOS
compatible photodetector.

The fabricated vertical GO/n-Si heterojunction diode shows a very low leakage current
density of 0.25 nA/cm? and excellent rectification characteristics upto 1 MHz.

The device on illumination shows a broadband (300 nm-1100 nm) spectral response with a
characteristic peak at ~700 nm.

We report a novel graphene-Ag0 hybrid plasmonic nanostructures based photodetector
exhibiting high responsivity (~28 mA/W) and spectral selectivity (~510 nm) in the visible
wavelength.

Tunable Optical properties from Graphene based hybrid nanostructures 06/2012 - 06/2017

Study the optical properties of graphene oxide by modulating different oxygen function
groups.

Observed tunable absorption and emission from graphene oxide by tailoring its different
functional group by controlled IR induced reduction and role of different functional groups
have been studied.

We have observed tunable nonlinear optical properties of both graphene oxide as well as
the reduced graphene oxides measured by single beam Z-scan measurement in the femto-
second region.

The results reveal both saturable absorption and two-photon absorption, strongly
dependent on the intensity of the pump pulse: saturable absorption occurs at lower pump
pulse intensity, whereas two-photon absorption dominates at higher intensities.

Graphene only absorbs 2.3% of light, but in order to achieve effective modulators and
photocells it is necessary to enhance light- matter interactions in a graphene sheet. The
combination of graphene with conventional plasmonics based on noble metals would open
a way to new hybrid systems with mutually enhanced properties.

We have investigated novel opto-chemical doping in Ag nanoparticle decorated monolayer
CVD graphene by Raman spectroscopy for the 1st time. Here we have used both noble
metal nanoparticles and laser power, in a hybrid opto-chemical route, to tune doping level
in graphene.

Our novel method lowers significantly the laser intensity required for optical power
dependent doping, and also protects the sample from damage due to local-heating.

We report the novel thermal quenching of carbon nanodots (CNDs), synthesized by a
simple solvothermal method.

We observed for the first time the observation of positive to negative tuning of thermal
quenching behavior, in the temperature range 10 K to 300 K, for annealed CND samples.
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