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Silicon Integrated Photonics @ IIT Madras
18 Years of Silicon Photonics Research @ IIT Madras

Establishment of Integrated Optoelectronics Lab

2006 ) o >2024 First funded projects on Silicon Photonics (DRDO, DST, DIT) (IIT Madras Seed Funding Rs. 5L)
— : — = 2006

2008
Demonstration of 5 um SOl optical waveguide Bplolol}

First MS thesis on A%

Silicon Photonics 5hfll | Demonstration of packaged Silicon

Photonics devices (5 um SOI)

2012

2013
Demonstration of Silicon
Photonics active devices
(PIN waveguide, 5 um SOI)

Funding for Silicon Photonics Nanotechnology
2015 (CNNP/MeitY, DRDO)

Demonstration of surface trimming

First publication on CMOS compatible
of devices using controlled RIE 2014

Silicon Photonics devices (220 nm SOI)

Demonstration of spot size converter
Demonstration of CMOS (Microns to sub-micron waveguides)
compatible reconfigurable 2016

Silicon Photonics devices

2018 First international patent filed,

first PhD graduation

Demonstration of high extinction
on-chip pump rejection filters

pJipkB 6 PhD and 15 MS Graduated

. e loE-pCoE
Demonstration of FWM in Silicon MeitY CoE-CPPICS

hotonic wire waveguide devices
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Status in 2024: 4 Research Associates, 15 PhD and 5 PG Research Scholars and 7 Project Staff
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Silicon Photonics CoE-CPPICS : Inauguration Ceremony

Inaugural Ceremony

Silicon Photonics Centre of Excellence

Centre for Progrommable Photonic Integrated Circuits & Systems

Silicon Photonics Centre of Excellence @ IIT Madras (Since January 2021)
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18 Years of Silicon Photonics Research @ IIT Madras
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Inaugurated by the Hon’ble Secretary S. Krishnan on 20 October 2023

Digital India

Power To Empower
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Silicon Photonics CoE-CPPICS : Thrust Area of Research 4

CoE-CPPICS: Silicon Photonics Product Research Development and Manufacturing Model

Quantum
Key
Distribution
Chip

A Microwave

. Photonic -
Information : - S System-in-
Signal Design Fabrication
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Silicon Photonics CoE-CPPICS : Success in Industry Collaboration N

m!:!lglgltgg HOME NEWSwv MAGAZINEv VIDEOS BUYER'SGUIDE EVENTS SUBSCRIBE PPCONFERENCE _

§EPIC

. : . F
[IT Madras and SilTerra Malaysia team up on silicon BEY,
photonics =

Thursday 30th May 2024

izmo

VPIphotonics

Professional Si

Destination
INDIA!

izmo Microsystems Pvt. Ltd.
Your IC PGCkCIging Partner

Make it
EPIC!

izmo micro: custom SiP & IC Packaging for high-
density, high-performance systems

Wide range of packaging options to accommodate diverse design specifications and

ECOC2024

RANKFURT

i functional requirements, including complex mixed-technology assembilies.

FRANKFURT, GERMANY
REGISTER NOW
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Distribution (QKD) to enhance secur
developing Photonics Integrnte‘&(q

Supremacy era. Current QKD solutio

i

They will focus on active, phase tran
‘Differential Phase Shift (DPS) QKD

z; Ampicq plans to develop Transmitter ¢ Cl
parallel, which will used in customer's QKRO\O_,@‘\’erc
2 | solutions.
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Silicon Photonics CoE-CPPICS : Recent IP Generation 6

Where we stand now in terms of experimental demonstration?
Vol. 32, No. 16/29 Jul 2024/ Optics Express 27409 ]

Home > The 25th European Conference on Integrated Optics > Conference paper

Silicon Photonic Wafer-Scale Yield of Single

Mode Resonator with Broadband DBR Distributed Bragg reflector based ASE noise
MII’I’OI‘S removal pump wavelength filters for futuristic

chip-scale quantum photonic circuits
Conference paper | FirstOnline: 16 June 2024

PRATYASHA PRIYADARSHINI, ARNAB GOSWAMI, ASHITOSH

pp565-570 | Cite this conference paper VELAMURI, AND B1JOoY KRISHNA DAs™ ®

Center for Programmable Photonic Integrated Circuits and Systems, Department of Electrical Engineering,
Indian Institute of Technology, Chennai 600036, India
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Silicon Photonics CoE-CPPICS : Recent IP Generation 7

Where we stand now in terms of experimental demonstration?

Conferences > 2024 8th |IEEE Electron Device... @

A Robust and Low-cost Fiber-optic Array Attachment Solution for Silicon

icroscope Rail

Publisher: IEEE Cite This B POF e

nnnnnnnnnn

A. Gayen; N. Nallusamy ; G. Ezhilarasu ; S. Hassan; S Vinoth; K. Piyush; A. Goswami; B.K. Das

Vibration

70 isolation legs
Full

e PATENT FILED

o 3’ ‘ SR
Abstract Abstract: Photonic IC

Document Sections ports. We have developed a robust and low-cost solution for attaching different types of fiber-optic

. Introduction to silicon photonics chips. In our first attempt, we achieved light coupling of upto 25% through a gr

coupler which is very close to its theoretical value of about 35%. The coupling efficiency remained

Il. Fiber Array to PIC even after six months from its packaging date.

Attachment System

. p Published in: 2024 8th IEEE Electron Devices Technology & Manufacturing Conference (EDTM)
. Process Steps and \
\

EU-India Semiconductor Workshop: October 09, 2024: Brussel, Belgium




Silicon Photonics CoE-CPPICS : Recent IP Generation

Where we stand now in terms of experimental demonstration?

Reconfigurable Multiband Microwave Filters

using Programmable Photonic Integrated Circuit

AsHITOSH VELAMURI', KUMAR PiYusH!, YASH RAaJ !, ARNAB
GoswAMiI !, ANANDHA PADMANABHANZ2, NITIN GHODGAONKAR?2,
DINANATH SONI2, JANAKIRAMAN VIRARAGHAVAN', AND BlJoY

KRISHNA Das!:’

I Centre for Programmable Photonic Integrated Circuits and Systems
Department of Electrical Engineering, Indian Institute of Technology Madras, Chennai - 600 036, India

21zmo0 Microsystems, Bengaluru - 560 066, India

*bkdas @ee.iitm.ac.in

Abstract: A program
of 14 tunable balance:
photonics technology :
filters. The photonic
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https://doi.org/10.1364/opticaopen.26045947.v2

Silicon Photonics CoE-CPPICS : Recent IP Generation ~

Where we stand now in terms of experimental demonstration?

. High-Q Microring Resonators with Bimodal SiN P TYTTTTTTITTTTTTITT HW HHHHHHH Hl

. Waveguides: Microwave Photonic Applications

|
(6}

s ANUSHKA TlWARI, ASHITOSH VELAMURI, RAM MOHAN RAO

4 BOYAPATl, ARNAB GOSWAMI, ENAKSHI BHATTACHARYA, AND BlJoy
s KRISHNA DAS

6 Centre for Programmable Photonic Integrated Circuits and Systems

7 Department of Electrical Engineering, Indian Institute of Technology, Chennai 600036, India 9

8 "Corresponding author: bkdas@ee.iitm.ac.in

0.8

0.6

o "I~ 1 pm (125 MHz) Q ~ 2)(106

0.2 -

Norm. Trans.

I
=N
(&)]

T

1582.43 158245 158247 1582.49

s Abstract: A high-Q microring resonator in all-pass configuration using a low-loss bimodal SiN Wavelength [nm]
10 waveguide design has been demonstrated and explored for microwave photonic applications. We

S . 2 6 . . see - 1 | 1 | | | 1 1 1
1 have rfzcordeda.Q value as h1gh. as ~ 2 X 19 from'sucha dev1f:e des1g1} by‘excmng fundam_ental 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580 1585
12 mode into the bimodal bus and ring waveguides which was fabricated using in-house conventional Wavelength [nm]
13 silicon photonics process technology. Our experimental results show that an equivalent

Normalized Transmission [dB]
|
o
T

12 design with a singlemode waveguide and fabricated with same fabrication process techn ~ _4¢ | i -10
15 exhibit nearly 7 times lower Q-value (~ 2.5 X 10°). The cavity loss is reduced because ! 20t
16 fact that the fundamental guided mode in a bimodal waveguide experiences lower scat =’ : —
17 and bend-induced radiation losses (~ 0.1 dB/cm); scattering losses occurs mainly due 95 -60r  SWSR:~45dB | 5 307
18 waveguide sidewall roughness which in fact fabrication process dependent. Such a devi g : % -40
1o been used further to demonstrate a widely tunable narrow-bandpass microwave photonic 2 g0 4| | 3R~ S MHz ‘13’ sol
20 The experimental results exhibit a narrowband filter with a 3-dB bandwidth as low as 290 - ~ s
21 with broad tunability from 5-45 GHz and the side-band rejection of ~30 dB has been rec o 60+ ]
22 Furthermore, the device was used to demonstrate widely tunable microwave oscillator - -100 \/\_J\/I\J | ~
23 signal-to-sidemode suppression ratio of up to 45-dB. Though both filter and oscillator ¢ , , , -70
imi ize i i 1444 1445 1446 1447 1448 80— - : - -

24 tuned up to 60 GHz, we are limited to characterize it due to the phase modulator bandwid
25 GHz) and the RF amplifier bandwidth (20 GHz). Frequency [GHz]

T https://doi.org/10.1364/opticaopen.26304610.v1
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Silicon Photonics CoE-CPPICS : Recent IP Generation 10

Where we stand now in terms of experimental demonstration?

Conferences > 2024 Conference on Lasers and... @

Estimation of Local Phase Errors in Silicon Photonic MZI Mesh from
Passive Measurements

Publisher: IEEE B PoF , S e W R A
8-channel programmable DC /" 4 i Op. Grating
power supply /" b':f" coupler X
: . . . - . ‘. : (XDAC-8MUB-R4G8) el I é‘" T
Kumar Piyush ; Yash Raj; Akash Shekhar ; Ashitosh Velamuri; Arnab Goswami; Naveen Raj Murugesan All Authors T het. WG | 1448 |
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Text Views l i Ref. WG ] l
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Analyzer (APEX 2043B) % B M
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Abstract Abstract: single mode fiber === DC cables PC: Polarization Controller | B rnnia
An algorithm is developed to extract component-level phase errors of photonic integrated circt S:6imm

Document Sections passive transmission characteristics. This algorithm successfully reduces the optical crosstalk from -10dB to

Conferences > 2024 Conference on Lasers and... @

Extraction of Silicon Photonic Wafer-Scale Process Variability Using ML-

Enhanced Algorithm R L v
7 |” - —
R . . N 2N NN S / = __S_e:i}fg' - = ) O e
Publisher: IEEE Cite This h FDF ‘Ils 14 |15 |16 |17 |18 19T \ _Set3 _ i -\\_\ — i () O e
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Shruti Pandey ; Tarun Arumugham ; Anjana James ; Ashitosh Velamuri; Arnab Goswami; Gan Yih Loong All Authors \T)/ ® ©
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An experimental investigation has been conducted to extract the silicon photonic wafer-scale fabrication

/

process variability using a machine-learning enhanced algorithm to predict sub-nanometer scale width, height, ©

“=  Document Sections

- . and effective index variations (An ~ 10_5) for a single-mode waveguide.
‘ (p ’ I. Introduction
~
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Silicon Photonics CoE-CPPICS: Resources 11

Team CoE-CPPICS: Admin & Technical Staff and Research Scholars

POSTDOCTORAL RESEARCH ASSOCLATE LAB ADIMISTRATION AND TECHNICAL STAFF

ap

Diptasree Nagarajan Shamsul Gautham

(PhD, IIT Madras (PhD, Shastra Univ.) (PhD, IIT Dhanbad)  (PhD, UCLA)

RESEARCH SCHOLARS

Saranath Satish

Ashitosh Anushka Pawan

WTYY L

Riddhi Yash Anjana Pranita Shruti Mayukh Dibyanchal

\
Rajendran Venkatesh

- -

Vinoth Prakash
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Silicon Photonics CoE-CPPICS: Resources 12

Chief Investigator

In-house process
development

Device design, simulation,
fabrication & testing

Modelling, circuit design
and foundry tapeout

Wafer/die/board-level
testing & programming

System-in-Package
prototypes and products

Co-Investigators:
Amitava DasGupta, Anil Prabhakar, Anjan Chakravorty, Deleep Nair, Deepa Venkitesh, Enakshi Bhattacharya, Janakiraman

Viraraghavan, Nandita DasGupta, Saurabh Saxena, Sudharsanan Srinivasan, Sankaran Aniruddhan, Natarajan Venkatachalam

EU-India Semiconductor Workshop: October 09, 2024: Brussel, Belgium
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Silicon Photonics CoE-CPPICS: Resources

CHAIRMAN

Dr. Mallik Tatipamula
CTO at Ericsson
Silicon Valley, USA

Industry Advisory Board for Guidance and Supports

Distinguished Board Members

Dr. Vivek Raghunathan
Founder & CTO
Xscape Photonics Inc., USA

»

Dr. Ravi M. Bhatkal
Managing Director
India Element Solutions Inc, India

Mr. Vikas Gupta
Senior Director
GlobalFoundaries, USA

Mr. Arjun Kumar Kantimahanti
Senior Vice President
SilTerra, Malaysia

Mr. Dinanath Soni

Executive Director
Si2 Microsystem, India

Mr. Narayan Srinivasa
Director
Intel Corporation, Santa Clara, CA

Dr. Prith Banerjee
CTO, Ansys Inc.
Palo Alto, California, USA

Mr. Kailash Narayanan
President, Communication Solutions Group
Keysight Technologies, USA

Dr. Kishore Kamath
VP and GM of R&D
Intel Corporation, CA, USA

CoE-CPPICS: Silicon Photonics Product Research Development and Manufacturing Model

q se
3
Dr. Steve Johnston

Vice President
Merck KGaA Darmstadt, Germany

4
Mr. Vijay Janapaty
Vice President and General Manager
Broadcom Inc., USA

‘

Dr. Albert Pang
CEO
SilTerra Malaysia Sdn. Bhd.
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