Memristive Networks that Learn
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Outline

Memristive
nanodevices
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Outline

Memristive Nano / CMOS
nanodevices hybrids
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Outline

Memristive Nano / CMOS Cortical
nanodevices hybrids circuits
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Memristive nanodevices




Memristive nanodevices

RESISTOR CAPACITOR
V=R g=Cv
INDUCTOR

G=Li
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Memristive nanodevices

Leon Chua
1971
RESISTOR CAPACITOR
V=R g=Cv

INDUCTOR MEMRISTOR
G=LIi ad=M ¢
A

the missing circuit element

L. O. Chua, -fiMe mmiisgsiomg circuit element, o0 IHEME7I.rans. Circuit Theory
L. O. Chua and S. M. Kang, "Memristive devices and systems," Proc. IEEE, 64 (2), 209-23 (1976). Greg Snider 8/18/2009 .,
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Memristive nanodevices

Leon Chua
1971
RESISTOR CAPACITOR
V=R g=Cv

Generalized memristor (1976)
(memristive device):

— 00— UL~
INDUCTOR MEMRISTOR dW f (W V)

=L ad=M ¢ —

| = g(w, V)V

analog memony

L. O. Chua, -fitMe mmiisdsiomg circuit element, 0 IHEME7IL)rans. Circuit Theory
L. O. Chua and S. M. Kang, "Memristive devices and systems," Proc. IEEE, 64 (2), 209-23 (1976). Greg Snider 8/18/2009 o
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Memristive nanodevice as binary switch(
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Memristive nanodevice as binary switch(
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Memristive nanodevice as binary switch
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Constructive I nterfere
Threshold? Not really:

aw_ fon sinr(_l—]ex;{— ex;{— W=y i ] —ﬂJ
dt lon W, b w

Pickett et al, fASwitching Dynamics in a Titanium Di 0X
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So how do you learn?
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So how do you learn?
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w i w-agy |i|] w X
— = f, Sinl — |exp —exg ——" -1 |-—
t ’{IONJ [{ F{ W, bJ WC}

dw

pranie (Gl

Constructive spike interference + population codi

GS Snidemgani @eldf computati on with
Nanotechnology 2007
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Example:lnstar learning with memristive circu

|Similation tima: 0.0

If you fix x; and sety =1,
Wi d X
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bipartite graph#, crossbarg\, layout
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CMOS neurons, memristive synapses

Top view Oblique view
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Memristive / CMOS hybrid chip
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CMOS + nano

3x3 crossbar
(100 nm nanowires)
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