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Spiking neural networks with CMOS

CMOS-based CMOS-based
neuron synapse

1 million neurons
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Spiking neural networks with CMOS

10" — : . : .
1 million neurons
PNAS 105, 3593 (2008) 1o1f  fuman S I I i
0.001% of the human brain g"
1/60th of its speed 10 e e TRl B -
3 GHz CPU x60 | | | Emalay
| | B L
N 10° b e e -
c Pigeon | - |
o 1 A e 1
5 10° __: e o T
2.5 million neurons % , :
Science 338, 1202 (2012) 10 I LI e
~ 6 ]
0k 0 o o o o -
2 ’
S 105 |bd b e -
1 mllllon neurons 2 04t — i
Science 345, 6197 (2014) ®© § o
“True North” by IBM = 0% o s 1
1 3 S |
10 = CMOS CPU
10'F e "Performance" SNN| 1
8 million neurons ° Exploratory" SNN
IEEE Micro, 38, 1 (2018) 10° 1
"Loihi” by Intel 1995 2000 2005 2010 2015 2020
Year



Why bother with number of neurons?

“Overall brain size ... best predicts cognitive ability across non-human primates”

R. O. Deaner et al., Brain Behav. Evol. 70, 115 (2007)
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What properties are we seeking?
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New material approaches
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New material approaches

Leaky integrate-and-fire
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New material approaches

Leaky integrate-and-fire
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The problem of uniformity
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States and Rules

Binary Memristive
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Material system
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Size-dependent SOT switching
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Size-dependent SOT switching

: Variation of exchange bias
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Rules: local time

Leaky integrate-and-fire Spike-timing-dependent plasticity
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Local time

Exchange bias 100 nm Dot
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Switching by short pulses
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Effect of temperature dynamics
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Effect of temperature dynamics
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Temperature-based clock *
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Temperature-based clock
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Synaptic functionality
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Synaptic learning
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Neuronal functionality *

Simulation-intensity-dependent firing probability in
the artificial neurons
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Coincidence detection ;
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Conclusions

 Large-scale and efficient spiking neural networks can’t rely on CMOS
« Uniformity of new-materials synapses and neurons is crucial (because of the

dense and highly interconnected nature of spiking networks)

 AFM/FM devices provide a uniform and
scalable solution with all the benefits of
spintronics (speed, endurance, scalability,
3D stacking)

Material requirements for a hardware SNN basis:
» Tunable switching behavior: binary and memristive

* Presence of dynamics that can be excited and read out
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