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ABSTRACT

Complementary-Metal Oxide Semiconductor (CMOS) technology based classical computing sys-
tems (i.e von-Neumann architecture) are energy in-efficient due to physically separated processing
and computing units (referred as-memory wall bottleneck), leading to sequential data shuttling
between processor and memory. Moreover, going beyond the More-than-Moore’s era, deep-sub-
micron (DSM) scaling with CMOS technology leads to various challenges such as thermal reliabil-
ity, high leakage currents, non-uniform features etc. To overcome the aforementioned challenges,

exploration of various novel devices and parallel computing principles are much needed.

In this thesis, we explore two emerging Non-Volatile Memory (NVM) technologies i.e Phase-
Change Memory (PCM) and Resistive Memory (RRAM) for non-Von-Neumann architecture based
Neuromorphic and computational memory applications. We demonstrate exhaustive brain-inspired
computing applications through these NVM devices. We emulate the biological synaptic plasticity,
dendritic functionality and neuronal activity through the CMOS-NVM based architectures. More-
over to demonstrate the machine learning (ML) based image classification application, we imple-
ment the spiking neural networks by incorporating the respective functionalities. Furthermore,
through experimental characterizations and CMOS-NVM based circuit simulations, we success-
fully demonstrate the multi-valued logic and computational memory applications. Various relia-
bility aspects of NVM devices such variability, retention and endurance impacting the proposed
brain-mimicking sub-blocks (i.e synapses, dendrites and neurons) and digital logic/memory cir-
cuits, are illustrated in this thesis. A detailed benchmarking and comparison with existing studies
is also shown to highlight the key advantages (such as area and power) of our proposed implemen-

tations.
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:

Weh-t1q  3iTFATSs AHlehsel (CMOS) Sleaifaehr 3menRa aruRes segfder fwes (I
alet-wgHel 3nfehcer=) Hifder T 37T THERoT 3T Segfear sersar (Td AR dfel o
gl ST §) & HROT Sot1-herel w161 & 3R SHeT HET HROT AAER, HANT o srer GPaT h1 3ffshiereh
3TTeT et &1 S8k 3TerdT, “HT" & FIT q W ST, SIT-TaHTSshIr CMOS deheileh o 1Y Tohfelar &
g#el faRageiardT, 3= Rara aRie, IR-HaAT AATe St fafdies gatfaar amee 3neh §1 3aiera
TAfaal W &g e & o, affes Fdie soaciias hegfear 3ueol AR TARTR Hegfear
et 1 Gief Y g HaRTSAT & |

sq NAT 7 g ar 3T §'é’ R et 3menfad AARY (Non-Volatile Memory) dereiienl, ATelt
Phase-Change Memory (PCM) 3R Resistive-Random-Access Memory (RRAM) &l 393197 &I
gu IR afa-7g#= (non Von-Neumann) arecehell 3TETRA 3THUT JTan, S Alefa AfasH
ST IUTAT, HFCgRAA AAN T Wal AT e FA1 §1 gA R Farar amarRa AR
deheilehl o HIETH & HYUT ARETSH-IRT hegfear fAetidr 3R g i geiid far g faQy
T ¥ gHsT CMOS-NVM IR 3nfheaar & ATEIH & ARASH-URA sifdsh Reiece Taree e,
sgrsfed FwRaTAAT 3R =gUse afafafRat @ gefda fhar &1 8 3remar e Tarsfher-aguisT
T FRATCHBATSIN BT AMTFA Feh, AT sicash & ATEIH T F7LA afetar (ML) 3meniRa gfafss
FITRTOT TSI T e foham g1 31T, faegd e 3R Afthe eIl & AgH 4 e
Hholdqdsh  Hodl-dogs-ditaieh (Multi-Valued-Logic) AR Hecgeerier AART S 3Ty
e fia foRaT &1 FEuR gae 3menia FARY destient & Ao faraaeiiaar ded, S8 IRadereiierar
(variability), IfIUROT (retention) 3iX @g=fFa (endurance) 31fg &1 ARTSH-IRT 3U-scileh
(@t faeteH, S35, wguiew) 3R e dforsm/AAR affhe W weira it s N 7 3y
I B | HISIET 3T & A1 fAEd Jolell, §AR JEAIad Hraileadsl 3R Gieit & Jo7@ ot (9
8ol 3R o) I ¢ 31 MNfET # TTTaR ¥ 39PR fohar = g
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