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Neuromorphic Ferroelectric FET
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Neuromorphic Ferroelectric Circuits

Same ferroelectric FET leads to different neuro-synaptic
functions in different circuit configurations.
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Family of Neuromorphic FEFET Circuits
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Neuromorphic Ferroelectric FET

Ferroelectric
Devices
Activity Dependent Coupled oscillator
Synaptic Plasticity Networks

7 Oscillators Common Node
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Memory, Learning and Neuroscience

Multistore model of Memory and Learning
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Neurophysiological Basis of Learning

Activity Dependent < Synapse

Synaptic Plasticity The | Recording
Memory+Computing

Element

Stimulus

Neuron Cell
Body

e
: A
RS 4

L ¥

¥

" &

e 4 r
| 0 {
5 T f y
41 /

F .
-

-
''''''
,,,,,
’
Il

-

----
AR

Q P S
Y £EL NN
'.k"-‘, Py ‘...": .‘ ) % *
Dendrite

J L 4 SR
. ¥y %
* B 9

27 W
21

4

1

i

Schaffer Collateral, Pre-synaptic Post-synaptic

Mossy Fiber, Perforant Neuron Neuron
Fiber Pathways orgia

In Hippocampus Bliss et al., J. Physiology 232, 331 (1973?e-rech@




Neurophysiological Basis of Learning

Synapse Recording
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Neurophysiological Basis of Learning

Synapse

Recording

Stimulus

Bliss et al., J. Physiology
232,331 (1973).

Activity dependent Synaptic Plasticity &
Rate Dependent Learning
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- Short Term Plasticity: Simulation
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In-frequent rehearsal does not lead to ferroelectric switching
(no learning)!

——




Long Term Potentiation: Simulation
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Characterization of Ferroelectric Film

TEM Cross-section

Ferroelectric Pb(Zr,,Tiy )05
(60 nm)

Metallic SrRuQO;

Ferroelectric Hysteresis ‘Courtesy: Pan group, U. Mich.
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Experimental Setup

O
+
Series resistor R
O
+
Pulse \
function Au top electrode
generator ) «—Ferroelectric PZT F

SRO bottom
electrode
—~STO Substrate /

A ferroelectric capacitor connected in series with an
external resistor.
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Experimental Setup

In frequent rehearsal: Short Term Plasticity

v RV V Repetition rate f,.,=50 kHz
+Q t,=2us t,,=18 us
+ FE — x >
V V _/£ VS A
Ferroelectric Frequent rehearsal: Long Term Potentiation
Pb(Zry,Tipg)O5 (60 nm) Repetition rate f,., =333 kHz
Area= (50 pum)? ty=2 us to=1us
R= 100 kQ Vs o
# of Pulses=150
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Short Term Plasticity: Experiment

Repetition rate f,.,=50 kHz
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Short Term Plasticity: Experiment
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Repetition rate of 50 kHz delay does NOT switch

the ferroelectric (no learning)!




Long Term Potentiation: Experiment

Repetition rate f,.,=333 kHz
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Long Term Potentiation: Experiment
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ferroelectric (learning)!




Repetition Rate Dependent Learning
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Repetition Rate Dependent Learning
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Pattern memorization using ferro-array

/N x N Ferro-Array \ / Input Pattern 1 Input Pattern 2 \
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Summary

Dynamics of Dynamics of New
Brain’s Functional Memory :
. _ Computational
Units: Neurons Materials & -
, Capabilities
and Synapse Devices
Short Term Plasticity Ferroelectric Memory: Possible Application in
& Long Term * Landau-Khalatnikov Pattern Memorization,
Potenthtlon Dynamics of Ferroelectric Recognition
Theoretical * Experimental realization
Framework
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Coupled Ferroelectric Oscillator

(a) (b) Oscillators Common Node

Cortex acts as a system of
coupled oscillators

i A
e 3 »

forcing input

A
C_r)

A\
Y

] A\ Thalamus act as Q‘ g Output
L]
L
[ J
®

Synchronization dynamics can be utilized for
computationally hard problems!
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Metal Insulator Transition Materials
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Coupled Ferroelectric Oscillator
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Var > Ve
L Vi < Vi
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Ferroelectric Oscillator

V=400 mV |
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Ferroelectric Oscillator
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Coupled Ferroelectric Oscillator

(b) Oscillators
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Coupled Ferroelectric Oscillator
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Coupled Ferroelectric Oscillator
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Ferroelectricity in Hf, oZr, ,0,
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Anti-Ferroelectricity in Doped Zr, ,0O,
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Summary

Dynamics of Dynamics of
Brain’s Functional Memory

Units: Neurons Materials &
and Synapse Devices
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Short Term Plasticity Ferroelectric Memory:

and Long Term  Landau Dynamics
Potentiation * Experimental
* Theoretical realization
Framework

New
Computational
Capabilities
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Possible Application
in Pattern
Memorization,
Recognition
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