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The need for low power computing
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Artificial neural networks and deep learning

Capa de entrada — Capas ocultas ] Salida
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Aprendizaje
Una red neuronal que
reconoce rostros ha de
entrenarse con, tal vez,
millones de ejemplos
antes de ser capaz de
detectar un rostro indi-
vidual entre una multi-

tud o en un paisaje lleno
de otros elementos.

Inference

Reconocimiento
La entrada correspon- ‘
diente a un rostro se ana-
liza en cada capa de la red

antes de discernir su iden-
tidad.
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Cada capa identifica rasgos cada vez mas complejos
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Excess power limits IC performance
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Analog implementations of neural networks
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Non- Imearlty, high conductance limit accuracy, scaling E.I
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lon-insertion electrodes for neuromorphic computing mN
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Li, TiO,-Li, TiO, symmetric redox transistor
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Polymer redox transistor
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Oxygen vacancy redox transistor

(ECRAM, bulk-ReRAM)
Y. Li, E. J. Fuller, J. D. Sugar, S. Yoo, D. S. Ashby, C. H. Bennett, R. D. Horton,
M. S. Bartsch, M. J. Marinella, W. D. Lu, A. A. Talin, Adv. Mat., accepted)

TiO2-X (MIEC)
YSZ (electrolyte) Al
200 nm
%ﬁilﬁ ———
400 A
n
£
8 300
IS
O e
g 200-
o
o ). |
100 " oy, |
-+ N Pt (switching layer) e
0 50 100 150 200 > %
Pulse count SN v




Deterministic switching through bulk vacancy control
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Conductive-AFM shows uniform switching
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Retention time of Li, H vs O ECRAM

Switching requires movement of both electron & ion
Retention requires one or both be blocked

Poor retention for at smaller sizes
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