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Chief Convener: Dr. AV Pavan Kumar, Professor and Head, Department of EEE, MITS.
Convener: Dr. Nehru Kandasamy, Professor, ECE

Resource Person/Speaker: Details attached below

Attendees: 71 members (National and International)

Venue: Seminar Hall Time: 10:00 AM



Resource Person/ Speaker:

S.no

Eminent keynote
Speaker details

University

Dr Kim Tae Hyoung

Associate Professor, School of Electrical and Electronic
Engineering, Nanyang Technological University,
Singapore

Dr FONG, Xuanyao Kelvin

Assistant Professor, Electrical and Computer Engineering,
National
University of Singapore, Singapore

Dr. Thomas Kémpfe

Group Manager Integrated RF & Al

Fraunhofer IPMS (Center Nanoelectronic Technologies CNT) An
der Bartlake 5, 01109 Dresden,

Germany

Dr Damien QUERLIOZ

Research Director, CNRS Adjunct Professor,
Université Paris-Saclay

Centre de Nanosciences et de Nanotechnologies

10 Boulevard Thomas Gobert, 91120 Palaiseau, France

Dr. Catherine Schuman

Assistant Professor, Department of Electrical Engineering and
Computer Science

University of Tennessee, United

Kingdom

Dr. Merlyne De Souza

Professor, Department of Electronic and Electrical
Engineering

University of Sheffield, United

Kingdom

Dr. Shubham Sahay

Assistant Professor, Department of Electrical Engineering
Indian Institute of technology Kanpur
India

Dr Sakthivel R

Professor, School of SENSE, VIT university, Vellore

Dr. Shady Agwa

Research Fellow, Centre for Electronics Frontiers CEF,
University of Edinburgh, United Kingdom

10

Dr. Laura Bégon-Lours

Assistant Professor @ETH Zurich, Researcher in Material for Al
Hardware Zurich

Participants: 71 members from National and International

Venue: Seminar Hall A, Madanapalle Institute of Technology and Science

Time Schedule in Indian Standard Time:

1.

Dr FONG, Xuanyao Kelvin, Assistant Professor, Electrical and Computer Engineering,
National University of Singapore, Singapore.

Date: 23/9/2024, Meeting Time: 11 AM — 12.30 AM IST

Dr Kim Tae Hyoung, Associate Professor, School of Electrical and Electronic
Engineering, Nanyang Technological University, Singapore.

Date: 23/9/2024, Meeting Time : 2 PM —3.30 PM IST



3. Dr Damien QUERLIOZ Research Director, CNRS Adjunct Professor, Université
Paris-Saclay Centre de Nanosciences et de Nanotechnologies 10 Boulevard Thomas
Gobert, 91120 Palaiseau, France
Date: 23/9/2024, Meeting Time: 4 PM — 5 PM IST

4. Dr. Shubham Sahay Assistant Professor, Department of Electrical Engineering
Indian Institute of technology Kanpur India
Date: 24/9/2024, Meeting Time: 10 AM — 11.30 AM IST

5. Dr. Merlyne De Souza, Professor, Department of Electronic and Electrical Engineering,
University of Sheffield, United Kingdom
Date : 24/9/2024 , Meeting Time : 2 PM — 3 PM IST

6. Dr. Thomas Kidmpfe, Group Manager Integrated RF & Al, Fraunhofer IPMS (Center
Nanoelectronic Technologies CNT) An der Bartlake 5, 01109 Dresden,Germany
Date : 24/9/2024, Meeting Time: 3.30 PM —4.30 PM

7. Dr . Sakthivel Ramachandran, Professor, School of Electronics, Vellore Institute of
Technology
Date : 25/9/2024, Meeting Time: 10.30 AM— 11.30 AM IST

8. Dr. Catherine Schuman,Assistant Professor, Department of Electrical Engineering and
Computer Science University of Tennessee, United Kingdom
Date : 25/9/2024, Meeting Time : 1.30 PM-2.30 PM IST

9. Dr. Shady Agwa,Research Fellow, Centre for Electronics Frontiers CEF, University of
Edinburgh, United Kingdom
Date : 25/9/2024 Meeting Time: 3 PM — 4 PM IST

10. Dr. Laura Bégon-Lours, Assistant Professor, ETH Zurich
Date: 25/9/2024 , Meeting Time: 5.30 PM to 6.30 PM

EMINENT SPEAKERS Topics o be covered
* RRAM Based Logic in Memory Computing

= STT MRAM based Logic in Memory Computing
Dr Kim Tae Hyoung DPr. Shubham Sahay

Nanyang Technologlical University Indian insifute of technology Kanpur « FEFET based in Memory Computing

Singopore
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IEEE CASS Seasonal School Lecture Video Recorded Link :



IEEE CAS Seasonal School Video Recordings

Background :

The session was attended by Undergraduate students, Graduate students, Research scholars,
Industry Persons and faculty memebers from the IEEE memebrs, non IEEE members, Electronics
department, Nanotechnology department and Semiconductor industry peoples, providing deep
understanding of the technological advancements shaping the neuromorphic computing and logic
in memory computing.

Detailed Summary of the Event

The seasonal school began with warm welcome address delivered by Dr. Nehru Kandasamy, Professor,
ECE and Special address by Dr.C.Yuvaraj, Principal , Madanapalle Institute of Technology and Science.
Mrs. Vijayalakshmi ,Assistant Professor, International relationship manager introduced the chief guest Dr.
Kelvin Fong , NUS to the participants .

Abhijjeet Ranjan Dr Jalaja S

ShashidharaH R sharmili surve

Dr G KISHORE KUMAR eonardo Nicolas

When you see the dot here, you'll
Sudhir Singh know that people are chatting in
the meeting messages panel.

Session 1:
Date & Time : 23/9/2024, 11.00 AM —12.00 PM IST
Topic: Logic In Spintronic Memories

Dr. FONG, Xuanyao Kelvin, Assistant Professor, Electrical and Computer Engineering, National University of
Singapore, Singapore. He was delievered the keynote address with brief background of the spintronic memories.

e  Spintronic Synapses
e  Spintronic Based True Random Number Generator
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Domain wall and skyrmionics synapses demonstrate excellent potential as linear synapses!
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Session 2
Date & Time : 23/9/2024 , 2.00 PM - 3.30 PM IST
Topic: ReRAM based Compute In Memory

Dr Kim Tae Hyoung, Associate Professor, School of Electrical and Electronic Engineering, Nanyang
Technological University, Singapore.

Prof Kim Tae Hyoung addressed the following points

e Machinelearning for edge devices
e ReRAM for Vector Matrix Multiplication
e ReRAM — Emerging NVM Technology
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Logic-in-Memory Operation

SL BLB

Turn on WLL/WLR in two
WLL[O] w4 A rows simultaneously.
WLRIl Compare BL/BLB voltages
wLL[i] | with Vref.
WLR[1) ; BL and BLB compute

= AND(A, B) and NOR(A, B),
respectively.
Two SA outputs are NORed
to perform XOR(A, B).

Unmute Start video

Participants (35)
& Invite and remind
Dr. Kumar C
Participants (35)
Dr. Kumar C
akshaja Tony Kim
Mrs. U. Vijaya Lakshmi
Nehru Kandasamy
Venu C
Adiba
akshaja
Ambole Yash
Sahaana Kanagesan

D S Kumar

DORATHY

Priyanka B M
¥ Tony Kim riyanka B \

Dr Jalaja S

Mute all  Unmute all

Session 3
Date & Time : 23/9/2024 4.00 PM —-5.00 PM IST

Topic:Toward Energy Efficient Efficient and Trustworthy Embedded AI: The In Memory
Computing Approach

Dr Damien Quarlioz, CNRS, France summerized his talk with the following points.

e Toward Energy Efficient and Trustworthy Embedded Al
e  Multiplication within the sense amplifier
e Analog In Memory Computing



Viewing Damien Querlioz's shared content

Analog In-Memory Computing Performs
Neural Network Inference Very Naturally

Dr. Kumar C

A matrix of analog memristors naturally implements a layer of neural
network with Ohm’s and Kirchhoff’s laws!

Memristor conductance G = synaptic weight w

V=s, 1 o N7 Mrs. U. Vijaya Lakshmi
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3 :
' 9000000 Neuron value
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Viewing Damien Querlioz's shared content

Memristor-Based Bayesian Neural Networks

We program 50 memristor-neural networks (each with two layers). We apply same input to them
Dr. Kumar C

We get 50 outputs:

their dispersion tells about

the certainty of the neural

network Mrs. U. Vijaya Lakshmi

Output 1

Output 2

arrhythmia

Output 50
identification utpul

i ¥ Damien Queriioz
Bonnet et al, Nature Communications 14, 7530 (2023) n Q@ Uhvemite

Session 4
Date & Time : 24/9/2024 10.00 AM - 11.30 AM IST
Topic:Energy Efficient Neuromorphic Circuits and Systems based on 3D NAND Flash Memory

Dr. Shubham Sahay Assistant Professor, Department of Electrical Engineering, Indian Institute of
technology Kanpur, India

He was presented the following insightful key points in 3D NAND Flash

e 3D NAND Flash Compact Modelling Approach
e 3D NAND VMM Accelerator
e 3D NAND Inference Processor



karthikeyan akshaja S TV KARPAGAM

Inverifie erifiec " Unverifie

¥ Dr.S. Vanied-,)

Common Source Lifig"

e 3D-NAND Behavioral Compact Model
»Individual cells: GAANW (BSIM-CMG) with VCCS and BO capacitor
Parasitic Capacitance extraction:

S. Sahay and D. Strukov., A behavioral compact model for static characteristics of 3D NAND flash memory, IEEE EDL, vol. 40, 2019.

Session 5
Date & Time : 24/9/2024 2.00 PM - 3.00 PM IST
Topic:Physical Reservoir Computing using a Solid Electrolyte TFT

Dr. Merlyne De Souza Professor, Department of Electronic and Electrical Engineering, University of
Sheffield, United Kingdom

Prof Merlyne De Souza was delivered keynote related to reservior computing using electrolyte TFT
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Allows usage of COMMERCIAL
3D-NAND flash for VMM without
any modification

M. Bavandpour, S. Sahay et. al. "Mixed-Signal Vector-by-Matrix Multiplication Circuits based on 3D-NAND Memories for Neurocomputing, DATE 2020

Syed Manzoor Qasim Mrs. U. Vijaya Lakshmi
Dr. Kumar C

erlyne's applications

From RNN to Reservoir Computing Networks

)
¥ Sheffield.

Recurrent Neural Network (RNN) e=====)Reservoir Computing (RC) Yaliing

: Input Reservoir Readout
Input layer  Hidden layer Output layer layer ‘Black Box’ layer

* Weight management of each Neuron
results in very high complexity and
expense of training.

* Network instability and less effective
learning.

* Only the readout layer is
trained resulting in
significant cost
reduction.
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Examplel P Ang Y
A reservoir (device) transforms temporal inputs into space-time dependent features.

Harisankar R S

2 < . s < Jof
These features are used to train the readout function using Logistic Regression. gl

60,000 image samples from the MNIST database, and to test a separate 10,000 image sample set, ) karthikeyan
not used in training. 7-fold cross-validation to avoid over fitting.

kasturi

e
A. Gaurav, X. Song, S. Manhas, A. Gilra, E. Vasilaki, P. Roy and M. M. De Souza, “Reservoir Computing for Temporal Data Classification Usind OP 100
UNIVERSITY

M 1] 1|
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Session 6
Date & Time : 24/9/2024 , 3.30 PM - 4.30 PM
Topic : Ferro Elecronics :From Memory to Neuromorphic Computing

Dr. Thomas Kdmpfe Group Manager, Integrated RF & Al, Fraunhofer IPMS (Center Nanoelectronic
Technologies CNT) An der Bartlake 5,01109 Dresden, Germany

Dr. Thomas Kampfe mainly address the different FEFET memory cell , Fefet based CAM and Fefet for
Neuromorphic computing. He was discussed the following points

e Neuromorphic computing accelerators
e FEFET Technologies

e Compute in Memory Chip

e Ferroelectric Analog CAM

IEEE CAS Seasonal School @ Meeting Info 06:4629 ©)

Viewing Thomas Kampfe's screen % o % Annotate

Hyperdimensional Computing
FeFET MCAM cells — Assocative Memory Dr. Kumar C

a Lakshmi

Nehru Kandasamy




Viewing Thomas Kampfe's screen

Ferroelectric Analog CAM
Comparing two inputs

Multi-V+1y

Ve, a vy

Fixing one FeFET to HVT state, the 2FeFET CAM becomes an analog CAM,
capable of doing a threshold detection.

Session 7
Date & Time :25/9/2024, 10.30 AM-11.30 AM IST
Topic:Neuron Modelling and Hardware Accelerator for AI and ML

Dr. Sakthivel Ramachandran, Professor, School of Electronics, Vellore Institute of Technology ,
Vellore

He was addressed about the following points

e Neural versus Digital Computing
e  Multilayer Perceptrons

e Hebb’s Learning Rule

e Training vs Inference

U1 IEEE CAS Seasonal School @) Meeting Info

Viewing Dr.Sakthivel Ramachandran’s shared content

Dr. Kumar C

Neuron Modelling and Hardware
Accelerators for AI and ML

Mrs. U. Vijaya Lakshmi

y N

niharika

. Dr.R.SAKTHIVEL, Professor
Dept. Of Micro and Nano Electronics,
Email: rsakthivel@uvit.ac.in
+91-9994627570
Rl 5105 sharing
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Viewing Dr.Sakthivel Ramachandran's shared content

Response to dynamic arbitrary input sigr

Phase 2 Phase 3 e

Dr. Kumar C

Nehru Kandasamy

Dr.Sakthivel Ramachandran
oposed Neuron response to dynamic arbitrary input signal

Coastant current
Different phases of arbitrary input and its response

Session 8
Date & Time : 25-09-2024, 1.30 PM-2.30 PM IST
Topic: Spike based Neuromorphic Computing for Next Generation Computer Vision

Dr. Catherine Schuman, Assistant Professor, Department of Electrical Engineering and Computer
Science , University of Tennessee, United Kingdom

Prof Catherine Schuman has discussed about spiking neural networks, algorithm and Neuromorphic
computing .

e Algorithm for Neuromorphic computing systems
e Spiking Neural Networks

Viewing Katie Schuman's shared content

Dr. Kumar C

Neural Hardware and Neuromorphic Computing
Neural Hardware Neuromorphic Computing

Vijaya Lakshmi

Accelerates Implements
traditional spiking recurrent

neural network neural network
and deep computation and
learning can be suitable for

computation neuroscience
simulation

Nehru Kandasamy

Well-suited to existing algorithms Significant promise for future
Fast computation or low power algorithmic development

Currently deployed in cloud or Fast computation and low power
mobile devices Still in development

Start video 9 Al Assistant ® Record 88 Breakout sessions




Viewing Katie Schuman's shared content

TENNLab Neuromorphic Software Framework

Chat

Everyone  Direct

o

Software Core: Common Interfaces, Input/Output Coding, Network Complier

Nehru Kandasamy

Architectures/Devices

mrDANNA DANNAi
Our Hardware

External Simulators:
Brian, NEST,
BindsNET, Nengo,
NengoLoihi

/™ e/ .

RAVENS Biom SOENS Gaspian
Collaborators’ Hardware

s
102),

Schuman, C. D, Bruer, G., Dean, M. E., & Rose, G. S, (018). The TENNLSb exploralory neuromorphic computing framework. IEEE Lafters of the Computer
) 17:20.
| )

Plak, J.
Society.

Viewing Katie Schuman's shared content

F1Tenth: Autonomous Racing

Fully autonomous 1/10th
scale racing of Formula
One (https://f1tenth.org/)

Like full scale vehicles,
the need for low size,

weight, and power is
critical

Relatively inexpensive
real-world demonstration
of what neuromorphic
computing can provide

Session 9

Date & Time : 25.09.2024, 3 PM - 4 PM IST

Topic: Digital In Memory Stochastic Computing Architectures

Dr. Shady Agwa, Research Fellow, Centre for Electronics Frontiers CEF, University of Edinburgh,

United Kingdom

He has enlightened the following points in his presentation.

e Al Vision

e Analog In Memory Computing

e Digital in Memory Computing

e In Memory Stochastic Computing
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Viewing Shady Agwa's shared content

Brain-Inspired Prescription!

v Gigantic Dense Memory
v Massive Parallel Processing

y & Comp ion are Tightly Coupled

v Simple Data Representation (Spikes I_I11_11_1II_)
v Specialized & Approximate Computation

v High Resiliency
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Digital IMC!
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© 5. Jeloka, N. B. Akesh, D. Syh and D. Blsauw. A Configurable TCAM/BCAM/SRAM Using 28nm Push-Rule 6T Bit Cell. Symp. On Very Large-Scale
Integration Circuits (VLSIC), Jun 2
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Viewing Shady Agwa's shared content

Dr. Kumar C

In-Memory Stochastic Computing Architecture!

Projection using 4KB Modeling

‘ Shady Agwa

'®

Nehru Kandasamy

Compared to 8-bit In-SRAM Computing (28nm) ©

SC 16-bit 4-bit
Energy Efficiency 60x 250x
Throughput 10x | 50x
Harisankar R S
© K. Al-Hawaj, ot al., “Towards a Reconfigurable Bit Serial/Bit-Paraliel Vector Accatorator using In-Situ Processing In SRAM,” IEEE ISCAS, pages 1-5, Oct 2020 28

Session 10

Date & Time : 25.09.2024, 05.30PM to 06.30PM (IST)

Topic: Ferroelectric Hafnia Superlattices for Bio Inspierd Computing
Dr. Laura Bégon-Lours, Assistant Professor, ETH Zurich

She was addressed about CMOS integration of HZO, the novel HfO, / ZrO, superlattice synaptic
weights , the novel HfO2 / ZrO2 superlattice FeCAPs , multi level 1T-1R and 1T-1C expermental
works.

P —— ared content 100%
Ferroelectric tunnel junctions at IBM: HfZrO,/WO, bilayers

= Atomic Layer Deposition of TiN / HfZrO, / WO, / TiN
= Crystallisation by millisecond Flash Lamp Annealing
E. O’Connor l. (2018)
« Device definition by Reactive Ion Etching & Ion Beam Etching

50—
¥ Prof Bég
— ==
HIZrO, 3 nm HfZrO, 3 nm HIZrO, nm Hi m 27O, nm HIZeO, nm HiZrO, 3 nm
WO,  2nm WO,  2nm WO, 2 nm W 2nm WO, 2nm WO,  2nm WO, 2 nm
e e -
Si Si Si Si

Si Si Si

Back-End-Of-Line integration: Neuromorphic chips design:
constraint on the thermal constraint on the device footprint
budget (<400C) (< (A0pm)?) +

constraint on Igee & Ioy Example of the Ferroelectric Tunnel Junct

Oxide Interfaces

to clipboard and saved
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Viewing Prof. Bégon-Lours Laura ETH Zurich's shared content

Ferroelectric Hafnia Superlattices for Bio-Inspired Computing.

Dr. Kumar C
Laura Bégon-Lours**2, Ruben Hamming-Green 45, Mattia Halter 2, Stefan Slesazeck?,
Elisabetta Morabito?, Donato Francesco Falcone?, Beatriz Noheda #®, Bert Jan Offrein2

1. Integrated Systems Laboratory, ETH Zurich — D-ITET, Zurich, Switzerland

2.1BM Research Zurich, Riischlikon, Switzerland.

3. Namlab Gmbh, Dresden, Gemany

4. Zernike Institute for Advanced Materials, University of Groningen, Groningen, Netherlands.

5. CogniGron - Groningen Cognitive Systems and Materials Center, University of Groningen, Groningen,

Netherlands Nehru Kandasamy
*LBEGON@ethz.cl

D Sai Kiran Reddy

Viewing Prof. Bégon-Lours Laura ETH Zurich's shared content

Neuromorphic chips:

Dr. Kumar C

Voltage-Dependent Synaptic Plasticity (VDSP):
Unsupervised probabilistic Hebbian plasticity rule
based on neurons membrane potential

Nikhil Garg (CNRS, University of Sherbrooke)

¥ Prof. Bég

BEOL technology platform based on ferroelectric synaptic devices
for advanced neuromorphic processors D Sai Kiran Reddy
Institute of Neuroinformatics (UZH), NaMLab, University of Groningen
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The IEEE CASS seasonal school was concluded with vote of thanks to participants , circuits and systems society chair

and resource persons by Dr. C. Kumar , Assistant Professor, Madapalle Institute of Technology and Science.




Course Outcomes :

At the end of the IEEE CASS Seasonal School all the Participants are able to understand the

e  Basics of Neuromorphic Computing & Logic In Memory Computing
e  Algorithm , device physics and Hardware/software integration of novel non volatile memory devices
e Real time applications uing Non Volatile memory devices
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Dr. Vineet Kumar,
Assistant Professor, EEE.



