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Al everywhere

Natural language processing Medical diagnosis and treatment
ChatGPT, DeepSeek,...

Autonomous vehicles

L )M(Q'F X19€Rx-’(
=N(8nC) s1
4‘X+5 <5 ﬁ n

7 Jofa- Ja_c@
5 q‘i"a_%

[

rwi-sf 12230 7><+ 9—““

7’ MULTISPIN.AI

(O (O AlCo-Processor Research Project



Al — computation challenges

The end of Moore’s law

Moore’s Law: The number of transistors
in a dense integrated circuit doubles about
every two years

Von Neumann bottleneck

Von-Neumann
Bottle_neck

CPU execution time - a few nanoseconds or less
memory access times - tens to hundreds of nanoseconds
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The end of the Dennard scaling law

Dennard scaling law: as transistors get smaller, their power
density stays constant, so that the power use stays in
proportion with area. Since around 2005-2007 Dennard
scaling appears to have broken down

The hunger for power

9,000 terawatt hours (TWh)

—  ENERGY FORECAST 209% of projected” 4

Widely cited forecasts suggest that the total electricity electricity demand
demand of information and communications technology
(ICT) will accelerate in the 2020s, and that data centres
will take a larger slice.
- B Metworks (wireless and wired)
B Froduction of ICT

Consumer devices (televisions, computers, mobile phones)
M Data centres
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The need for Edge computing

Data processing and analysis are performed on the devices or systems that generate the data,
rather than sending all the data to a centralized location, such as a cloud server, for processing

Applications for edge computing include autonomous vehicles, industrial automation,
smart cities, and healthcare monitoring systems

Al and edge computing are making CCTV more effective
than ever
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Al — Neuromorphic computing

Visual perception Inputs

Dendrites

Stage 1:
Linear operation on the signal

Stage 2:
Non-linear “activation function”

HIDDEN

OUTPUT
Artificial neural network
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The crossbar —analogue multiplication and accumulation (MAC)

Analogue execution of the linear operations

In memory processing: removes major computation barriers
fast and energy efficient particularly for Al at the edge
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The crossbar — material options

Redox (reduction oxidation) materials Phase change materials
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current pulse
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: : 0
The crossbar — material options
The weak spot of the magnetoresistance option

Distinguishable States

Sto asiicitf (%)

Spintronic configurations

Resistive switching material:

 Redox - Magnetoresistive
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Samsung’s Spintronic Crossbar with binary MTJs

64x64 crossbar
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The performance of MTJ-based Crossbar

Terminal L1
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The binary spintronic crossbar has limitations

From binary to multi-state
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Increasing the number of resistance states
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Using a new angle — the M?T]J
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M?T]J - the angular degree of freedom
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High-order magnetic anisotropy induced by shape

70N

% M U I—TI Spl N AI Using such structures for multi-level MRAM US Patent 10,204,678
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Ordinary states

Staggered states

Neel states

% M U LTI S PI N -AI S. Das et al., Appl. Phys. Lett. 116, 262405 (2020).
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Exponential number of magnetic configurations

72%2 = 16 22*3 — 64 22% =256

Note: this is the number of distinct magnetic configurations.

Q? M U |_T|SP| N A| The number of resistance states is smaller.
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MultiSpin. Al — the final goal

A spintronic crossbar where binary MTJs are replaced by M?T)J
with multiple discrete magnetic states
We plan to
* Fabricate

* OQOperate
* Test
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MultiSpin. Al
The strategy
4 states
> 8 states
> 16 states
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ALGORITHMS

CROSSBAR

Single Layer
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Research Project

MultiSpin Al is a EU-funded research project that aims to revolutionise neuromorphic

computing by developing and fabricating a highly efficient n-ary spintronic based edge
computing co-processor capable of performing Al algorithms like Deep Leaming at
unprecedented speeds while drastically reducing energy consumption, ultimately
enabling transformative applications like autonomous vehicles, robots, and medical
devices, and contributing to the EU chip industry and reducing CO2 emissions from Al

inference.




MultiSpin. Al — expectations and challenges

What are the Constraints and limitations tackled by Multispin.Al?

Spintronic crossbars are promising - hundreds of tera-operations per
second per watt (Samsung) — MultiSpin.Al can improve significantly

their accuracy by overcoming the binary constraints

How to expedite implementation?
The fabrication challenge is considerable; therefore, the most
efficient way to expedite implementation is by partnership with

European chips companies
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