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@] Digital and analog implementations of neural networks
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Redox transistors based on electrochemcial ion insertion

Li reservoir

Electrolyte
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Dynamic control of the lithium doping level
using current and voltage
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Y. Li, W. Chueh. Ann. Rev. Mater. Res. 48, 137 (2018)




Lithium insertion into Li,TiO, (anatase)
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Redox transistor using LiXTiOz (anatase)
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Redox transistor using LiXTiO2 (anatase)
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[@] Two-terminal vs three-terminal synaptic memory
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[@ Linear programming and high accuracy
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Exceptional low-power consumption
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Y. Van de Burgt, Nat Mater, 16, 414(2017)
M. Sharbati Adv. Mater. 30, 1802353 (2018)
J. Yang et al. Nat. Nano. 8, 13(2012) 10



IE]I Switching speed and endurance
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@] Low-voltage, Si-free electrochemical memory

G

Diffusive memristor (Ag in
SiOy): high ON/OFF ratio

Redox transistor: high charge
density via bulk storage

Both: Low switching voltages

Wang et al. Nat. Mater. 2017

Non-volatile memory that switches at just 6 times the thermal voltage
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S“ | V/2 crossbar programming scheme

Devices are selected through applying

the row and column voltages

A device is programs when both

the

row and column is selected

22F

1.6 1

144

1.2+

Channel conductance (uS)

1.0

2.0 -g&%
1.8 1 .

Depression: V,, = -180 mV Vg =200 mV

Potentiation: V,, =180 mV Vg =-200 mV

0 50 100 150 200

Pulse number

Conductance (uS)

Selecting a row or column will not disturb the device

2.0
161 Viy=0mV
t Vg= 200 mV
1 o Yw=180mv "% Viy= 0 mV
= Vr=0mV V=0 mV
0 50 100 150 200

Pulse number

© 204

2 | vy=180mv Viy= 0 mV
= 164 Vg=0 mV Vg=0mV
g V= 0mV

= T Vg= -200 mV

2 124 s

(@]

@)

50 100 150 200 250
Pulse number

13



Redox transistors for neuromorphic computing

/ Analog neuromorphic computing provides lower energy and \

more parallelism compared to digital computing.
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f Electrochemical ion insertion can be used to create highly \

linear, low voltage non-volatile analog transistors
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@] From batteries to redox transistors
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/ Batteries: Current control \
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