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LEON CHUA THEORY BEHIND THE OPERATION OF

MEMRISTOR (1971)
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PRINCIPLE OF OPERATION OF TiO, MEMRISTOR
(STAN WILLIAMS, HP LABS, 2012)
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TYPES OF MEMRISTORS
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Memristors
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BESIDES MEMRISTORS THERE ARE NOW MEMCAPACITORS AND MEMINDUCTORS!




NEUROMORPHIC COMPUTERS - PROJECT SYNAPSE - DARPA
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NEUROMORPHIC COMPUTING ROADMAP

( -

~10"" synapses/cm? ~10° neurons/cm?  ~10*neurons/  ~5X10°long range Biological Brain

cortical column axons @ 1 Hz
. Cy Long-range 2
Synapse Neurons Microcircuit , o9 ang Brain
interconnects
CROSSBAR CMOS LAMINAR
JUNCTION SUBSTRATE CIRCUIT HIGH SPEED BUS
: ek
— FEEEI TR
5X10° transistors/ OV A Ny .-
~10'° intersections/ cm? Layered cortical . : )
cm? @ 100 nm pitch @ 500 transistors/ circuits with ~10¢  Multi-Gbit/sec Electronic Brain

<>




PANi BASED MEMRISTOR — EROKHIN, FONTANA - 2008
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FIRST ATTEMPTS TO INTERPRET PANi MEMRISTOR
OPERATION MECHANISM - EROKHIN, 2013
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SET OF 8 PANi BASED MEMRISTORS ON FLEXIBLE SUBSTRATE

Input 1

Input 2
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Simple learning procedure
Out 1 (nA) Out 2 (nA)
Before training 120 32
After training 65 124

Output 2



RED-OX STATES OF PANi AND ELECTROCHEMICAL
TRANSITIONS BETWEEN THEM

astas @@% 4@4@:@#—@%

Blue pernigraniline bas Blue pernigranilin

-2e + 2e -2e +2e
-2H' | +2H*
. o
b= : o d




MEASUREMENT SET UP AND EXPERIMENTAL PROCEDURE
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PANi IN SOLUTION OF LiCIO,/HCI CYCLOVOLTAMMETRY

Red — Ox peaks are very broad, it is important
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ELECTROCHROMIC CYCLOVOLTAMMOGRAMM




SPECTROELECTROCHEMISTRY MEASUREMENTS
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MEMRISTIVE EFFECT IN_PLANE CONDUCTANCE (I-V CURVES)
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PANI FILM-THROUGH CONDUCTIVITY MEASUREMENT
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MEMRISTIVITY: RESISTANCE AFTER SWITCH OFF VOLTAGE

Cyclovoltammogramm
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Resistance/ Ohm

RESISTANCE IN PLANE, DRY FILM - AC CONDUCTIVITY
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MEMRISTIVE EFFECT MOVIE




BLOCK NATURE OF CONDUCTIVITY IN PANi
— EXPLANATION OF MEMRISTANCE
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PROPAGATION OF RED-OX FRONTS IN PANi

AS A BASIS FOR NEURAL NETWORKS
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USE OF PANi NEURAL NETWORK FOR IMAGE PROCESSING

Potential Profile

Pixelated Matrix of Contacts

Image processing operations
possible:

1.Image segmentation
2.Contrasting
3.Simple object recognition



PANi-NAFION INTERPOLYELECTROLYTE COMPLEXES

Fluoropolymer
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PANi-NAFION IN SOLUTIONS OF LiCIO,, Acetonytrile
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CONCLUSIONS

* Polymer electrochemistry is a complicated matter

* Polyaniline-based memristor operating mechanism is
determined by change of Red-Ox states of PANi

* Probably TiO, VO _memristors operation is similar.

* Jtis not clear why PANi-Nafion films do not change Red-Ox
states

* It is possible to make simple neural networks based on PANi
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Voltage vs temp difference, C
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Stability at 55°C

File | Edit | Vertical | HorizAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

“_'4'"—“_'4!"_?‘_"}'_V“_'T_Vh_"fﬁ“_"f—\h_"T'_

jiqee] P

| @z 100mvrdiv

1MQ By:20.0M

r—\h_"l'_\“_"r_\" Sl [t [ et

'_\“_"W'_\nﬂ'vﬁ“_ﬂ'ﬁ" ~Tﬁ"u[

e e ] e v P ] 1

1

1

| ‘ | | ! | ‘ | ! |

| QA &» / s0omv

[ 1.0ks/div

Auto

10.0S/s 100ms/pt
Sample 1
RL:100k
00:49:41

Roll
1 acqgs

March 25, 2017




Discharge to short circuit
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Discharge to 3 Ohm
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|-V curve at 40 C
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Impedance at 40 C
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Results of approximation of equivalent
circuit
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