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Motivation

Co-integrated CMOS-Photonics

Moving to Interconnects
Optical : Copper

Package to Package

Silicon Photonics

Our Research Focus

Advanced Devices for Next Generation Optical Communication, Interconnects

& Bio-chemical Sensing
a For New Functionalities
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Source: Science, 2010, 328,

Integration of CMOS and photonic Next-generation
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Change in material material

Change in geometry Research Themes

Microwave
Photonics

Optical Communication & Interconnects: Silicon Photonics & Beyond
Semiconductor Optoelectronics & Optical Memory Technology
Optical Bio-sensing, Quantum Photonic Devices

Nanofabrication Technology

Advanced Transistor Design

areas

devices on the same chip

Smart Integration of Electronics and

Photonics
(Enable each technology to play to its strength)

systems and data interconnects.

% Shorter distance optical
connection

components necessary to facilitate optical
transmission and reception of data.

Scalability and Flexibility
(Reconfigurable Photonic Networks)

Optical
Interconne
cts

Kevy Devices: Our Focus

Outlook

< Optical Modulator, Nanophotonic Switches

< Photodetector
Passive Devices:

Filter

Bio-chemical Sensors

% Optical Generation of RF/Microwaves

Nano
Fabrication

< Coupler, Waveguide,
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% Miniaturization
% CMOS Compatible Process
% Beyond Silicon
% Semiconductor

Heterojunctions

CMOS’s density and ablhts_f to perform < Higher bandwidth density
complex processing

N < Higher state of integration

Photonics outright speed and transmission
capacity
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Compact Devices with Tuning

Electrical Control, Tunable Delayjl

[and Low Power Tuning

Control and Manipulation of light at submicron/nanoscale remains an important requirement

Bio-

% Advanced Transistors: Optical..

chemical
Sensing

Applications

Broadband Communication, Fibre Optic Networks
Optical Interconnects, Computing and Information Storage

Bio-Chemical Sensing, Optical Detection of Protein Biomarkers/Diseases
Optoelectronic Power Devices

LiDAR (Light Detection and Ranging)
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Chip-Scale Photonic Devices based on Semiconductor Heterojunction
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Wavelength (nm) coupler
S. Rajput, et. al., Physical Review Applied, vol. 15, no. 5, pp. 54029, May 2021.

Optical Modulator based on Distributed
Si-ITO Heterojunctions

« Electrically tunable absorption

S. Rajput, et. al. Journal of Lightwave Technology, Nov 2019.
Optical Modulation in Composite

Waveguide based on Si-ITO Heterojunction

Wavelength (nm)

Footprint; 30pm

S. Rajput, et. al., Scientific Reports, 13: 18379, 2023.

All optical modulation in vertically Broadband Optical modulation in Sub-bandgap Photodetection
Zinc Oxide Based Heterojunction

ITO ring resonator
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V. Kaushik, S. Rajput and M. Kumar, Optics
Letters, Vol. 45, no. 2, pp. 363-366, 2020.
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V. Kaushik, S. Rajput, S. Srivastava, S. Jain, L. Singh and
M. Kumar, Journal of Lightwave Technology, June 2020

method, Aluminum anodization

i Linear frequency response and
Broadband Operation.

V. Kaushik, and M. Kumar et. al, Nanophotonics 2022.
2D-Electron Gas based on-chi

Using 2-DEG

Wavelength Detector

V Kaushik, and M. Kumar et.al,, “Nanophotonics, November 2021.

Enhanced ligcht matter interaction
using highly porous anodization

Resistive Memory

Biochemical Sensors and Tunable Absorbers

Silicon Nanophotonic

Si0» 4

p-Si
Si0z2 Insulator
Si Substrate

Electrical

Write“ == Electrical Ground

i

|

o o
T

tput

Laser beam

Photonic technology: Effective way for detection of 1550 nm

virus/bacteria for health care applications
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« Optical readout
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of electrically
writable resistive
switching device
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double-slots
« Insertion loss:
0.6 dB/um ’ 1

Transmission (dB)
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Applied Voltage (V)

Endurance
and ER: 35 dB

S. Kumar et.al. ACS Photonics,
October 2023.

Confinement in
10 nm SiO,
« High ER: 18 dB
« Low voltage
operation

R.D. Mishra et.al., Optical and Laser Technology, 2024.
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Biochemical sensor with engineered nanophotonic structure Structure
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Plasmonic absorber based on engineered Cu-ITO
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Photo
detector

L. Singh, et.al, Optics Letters, vol. 44, no. 16, July 2019.

Double-Slot Nanophotonic Nanophotonic Resistive Switch based on

S. K. Pandey et. al. Journal of Lightwave Technology.

Optical Readout of Resistive Switch Resistive Switch

Tapered Copper-silicon Structure

Indian patent, No. 202121008991; Published in March 2021
Sulabh, and M. Kumar, Journal of Lightwave Technology Journal, vol. 19, no. 15, pp. 6126-6133, 1 Aug.1, 2019.

« Device footprint = 100 pm long , High extinction ratio of 22 dB
« Wide 3 dB bandwidth of 52.2 GHz

Collaborators

Funding Agencies

Research Facilities

¢ Massachusetts Institute of Technology (MIT), USA
¢ Purdue School of Engineering & Technology, IUPUI, USA
s University of Florida, Florida, USA

¢+ Ministry of Electronics and Information Technology (MEITY)
¢ Department of Science and Technology (DST)

Fabrication / Process Facilities
Maskless Lithography

Device Measurement Facilities
¢ Optical Spectrum Analyzer Microscope
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Simulation Package
s COMSOL Multiphysics

s University of Strasbourg, Strasbourg, France

+» Raja Ramanna Centre for Advanced Technology, Indore

+» Bharat Electronics Limited
¢ Centre for Development of Telematics

¢ Defence Research and Development Organization (DRDO)
¢+ Science and Engineering Research Board (SERB)

¢ Council of Scientific and Industrial Research (CSIR)

¢ Oxford Instruments
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Fume hood with supporting accessories
RF/DC Sputtering

Digital Microscope and 3D Surface Profiler
Annealing Furnace & Anodization Setup

+* Tunable

¢ Optical Component Analyzer
¢ High Speed Photodetector
¢ Optical Fiber Accessories

& DFB Bench Top LASER Source *» Lumerical MODE, CHARGE &
FDTD
% FIMMWAVE & FIMMPROP

Grating Solver

Coating & Wet Process facility

¢ Photodiode & Photo Amplifier
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Research Scholars

Group Alumni (Graduated PhDs)

Dr. Lalit Singh
Postdoctoral
Fellow
NTU Singapore
Prem Babu
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Santosh Kumar

Dr. Sulabh
Srivastava

Prof. Mukesh Kumar
Group Leader

University of Paris-
Saclay, France

Nikita Mohanta Shikha Devi, SRF

Ashutosh Kumar

Sai Chittiprolu, MS

Dr. Sourabh Jain

Postdoctoral Fellow
The University of Texas

Dr. Vishal Kaushik

Postdoctoral Fellow
Tel Aviv University

Postdoctoral Fellow J

Austin, USA

Dr. Swati
Rajput
DST Inspire

Faculty
IIT Jodhpur
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Israel

Tarun Sharma, Himachal Pradesh University
Varun Mehta, Haryana Electricity Board
Harpinder Kang, California

Balveer Painam, Sensor Engineer, Illinois
Subodh Tripathi, MEIT, Meerut
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