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Current Status loT Structure
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» Edge:
* Interface with real world

« Computing at the edge improves:
* Privacy
« Latency

*Artificial intelligence (Al)
on the Edge — Edge Al
 Inference
« Machine Learning
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O Al of today and tomorrow
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Modern age Al Classical Central Processing
Al algorithms
- Big data CPU Memory

« Communication networks

= Powerful computing hardware
(CMOS on the frontline)

Next generation Al
» Self-Learning
* One step learning
« Cognition
= New hardware paradigms OPEN —
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On the way for the next Al generation

In-memory computing
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O On the way for the next Al generation
k= Synapses (weighting)
| | I
= Neuromorphic computing /)\W'\
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= Event-based processing 1411, %ﬁé@ ié:i,:' _u.|_
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Synaptic Learning — Spike Time Dependent Plasticity
(STDP)

* Neurons fire pulses

* Weights (synapses) are updated based on time difference
between post- and pre-synaptic pulses

* These properties have been demonstrated with
memristor like devices - -
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NeurOxide
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New computer paradigms to

overcome Yon Neumann’s bottleneck

— Memristors learn and forget like biological synapses <«

Aims to achieve a fully integrated system with memristors
and supporting electronics with the same materials
— amorphous oxide semiconductors (AOS) —

Same processing steps for transistors and resistive switching devices

Less interface issues

Low-temperature fabrication process OPEN S
CIM8

Low cost DAYV 1T |




NeurOxide

Q
Ll
e
Q
(72
L
=

Transistor (TFT) + Neuromorphic
Memristor Archltect_ure
(full integration)

10th device ’\/‘ ( )_(—JL\/ ) | '( I (/J

Single target 1GZO

£ ~ Order of measurements:
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O Neuerde — synaptic learning — IGZO thin-film Post-synaptic
[—
() memristors Pre-synaptic |_ at =_|
L
z Resistive switching emulates synaptic — i —
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NeurOxide — Memristor Modelling — Black Box

Dynamical system with memory v

Iy (t) = Gu(w, V) x V(¢) O_/ETV_O Electrods

Switching
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Multistep Neural Networks (MSNN) |
— ANN that captures the underlined ODE S0 |- /
the system by learning from the numerical
multistep integration algorithms —
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NeurOxide — TFT

sum .1,

D/S semiconductor S/D

Substrate
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O NeurOxide — in-memory computation logic
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Conclusion

Next Generation Al
 Self-Learning
* One step learning
« Cognition
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New possible Hardware Paradigms
* In-memory computating
« Event based computation (SNNs)
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