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PETASPIN Association (www.petaspin.com)

PETASPIN2026 School on ά{ǇƛƴǘǊƻƴƛŎǎ: fundamentals and
ŀǇǇƭƛŎŀǘƛƻƴǎέVEdition- 2-5 December2026

Flagship conferenceƛƴ ƳŀƎƴŜǘƛǎƳ ά¢ǊŜƴŘǎ ƛƴ aŀƎƴŜǘƛǎƳέΣ 
Milan, 7-11 September 2026

Flagship conference in unconventional computing
άInternational Workshop on Ising MachinesέMay 2027
(Sweden).

IEEE-NANO Conference in Messina (Italy) (https://2027.ieeenano.org/)
IEEE-NANOis the flagshipIEEENanotechnologyconference. The conferencescopecoversa wide range in nanoscienceand
technology. Co-chairs: GiovanniFinocchio,LucaPierantoni

http://www.unime.it/
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Funding  Agencies

www.petaspin.com

MUR-PNRR project 
SAMOTHRACE (ECS00000022).
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Spintronics

Spintronics combines electron charge and spin!

Magnetic tunnel junctions
Free layer ς ferromagnets 
Isolating material
Fixed layer ς ferromagnets 

ÇCharge current (spin up = spin down)
ÇSpin polarized current (spin up >< spin down)
VDirection of the spin polarization

TunableNonlinearResistance

http://www.unime.it/
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üOscillators

üDiodes

üMagnetoelectric antenna with diodes

üElectromagnetic energy harvesting

Microelectronic 
industry
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Things

Unconventional 
computing 

ÇMemory

ÇProbabilistic Ising Machines

Motivation

ÇRF Technology

üCombinatorial optimization

üGenerative AI
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Spin Transfer Torque Memory ï STT-MRAM

Interesting research direction but 
probably STT-MRAM will  never be useful

http://www.unime.it/
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Spin Transfer Torque Memory ï STT-MRAM

Magnetoresistive memories

http://www.unime.it/
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Spin Transfer Torque Memory ï STT-MRAM

ÇTMR > 300%
ÇSTT in Antiferromagnetic tunnel junctions

http://www.unime.it/
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Motivation
The Internet of Things(IoT) is a compellingplatform connecting
various sensors around us to the Internet, providing great
opportunitiesfor the realizationof smartliving.

- Themarketdoublein 5 years.
- Thedevelopmentof productsfor IoTwill be a
keychallenge:
Çlow energyconsumption

Çassmall aspossible

Çhigh performance

Çcostaslow aspossible

USD >1000 billion by 2027
Digital Twin

IEEE in Computer, 46, 2, 62-68, 2013 

- Apath to facethis challengeΧ
ÇSpintronics, successfulstories for sensors(i.e. GMR/TMR hard disk read

heads,automotiveé), memory(STT-MRAM), etc..

Çlow energyconsumption,non-volatile

ÇNewfunctionalities + CMOS-compatible

Çthe cost is expectedto reducethank to the STT-MRAMs

Çnanoscalesize

http://www.unime.it/


18 June 2026 ς ET2026 ς[Ω!ǉǳƛƭŀΣ Lǘŀƭȅ
Università degli Studi di Messina

ÇSensors

ÇComputing

ÇSTT-MRAM

ÇOscillators 

ÇDetectors

ÇSpintronic energy 
harvesters

Motivation

http://www.unime.it/
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Spintronic  oscillators

Active ςdc current 

Strong coupling between oscillator 
frequency and power 

Large region of injection locking
dc + ac current

Smallest self-oscillator known in nature

http://www.unime.it/
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Spintronic  diodes

Type of response

Resonant 

Non-resonant (Broadband, 
Multimodes)

Low-frequency tail

Frequency response

MHz (ferromagnets)

GHz (ferromagnets)

THz (antiferromagnets)

Regime of behavior 

Passive

Active 

Spintronic diode: A sensor which converts an 
ac signal to a dc signal (rectification)

A.A. Tulapurkar, et al,Nature438, 339 (2005).
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State of the art of spintronic  diodes

Type of response

Resonant 

Non-resonant (Broadband, 
Multimodes)

Low-frequency tail

Frequency response

MHz (ferromagnets)

GHz (ferromagnets)

THz (antiferromagnets)

Regime of behavior 

Passive

Active 

Applications

Detectors

Energy Harvesting

Wake-up receiver

Computing element

Χ

Injection locked spintronic diode (active)

Self oscillation ID (IAC=0) Injection locking ID + IAC

dc dc s

1
cos( )

2
dc ac sV I R I R= D + D F

http://www.unime.it/
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Spintronic  diodes

75600
V

W
e=

220000
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W
e=

Device + ME Antenna ï sub mm2

Compact: co-integration of 

magneto-electric antenna and 

MTJ

http://www.unime.it/
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Magnetoelectric  antenna with diode
TEM image and EDS maps

Device + ME Antenna ς sub mm2

Compact: co-integration of magneto-electric antenna and MTJ

http://www.unime.it/
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Magnetoelectric  antenna with diode

Ç microwave signal with horn antenna

Ç ac signal via piezo electric material

Ç ac strain

Ç dc current

Ç ac current 

http://www.unime.it/
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Magnetoelectric  antenna with diode

http://www.unime.it/
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IoT in 2026: Four trending topics 
(https://saft.com/en/energizing-iot/iot -2026-four-trending-topics)

1. Edge processing reaches a new level of maturity
нΦ ¢ƘŜ wƛǎŜ ƻŦ ǇǊŜŘƛŎǘƛǾŜ ƘŜŀƭǘƘ ŀƴŘ ΨǿŜƭƭōŜƛƴƎΩ Lƻ¢
3. Energy harvesting and adaptive power intelligence
4. Additional security built into the hardware

Electromagnetic energy harvesting

AI generated

http://www.unime.it/
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Spintronic diodes?

Electromagnetic energy harvesting

Broadband detection to take advantage of the 
different frequencies

http://www.unime.it/
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Electromagnetic energy harvesting

dc

i

P

P
h=

http://www.unime.it/
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Electromagnetic  energy harvesting

MTJ + antenna Network ς10 MTJs

http://www.unime.it/
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Electromagnetic  energy harvesting

Ὥ

ὺ

DRI
AC

AC

1
ȹ
2

S
RI

V
DC

Time

V
o
l
t
a
g
e

ὺὸ Ὥ ὸ ὶὸ ɝὙὍ ÓÉÎς“ὸ • ÓÉÎς“ὸ •

ὺὸ
ρ

ς
ɝὙὍ ÃÏÓ• •

ρ

ς
ɝὙὍ ÃÏÓτ“ὸ  • •

ὠ ςὪ ὧέάὴέὲὩὲὸ

MTJs 

connected in 

series

The voltage at 2f originating in 

MTJ1 drives a self-parametric 

excitation in the MTJ2, enhancing 

the magnetization precession angle.

self-parametric excitation 
MTJ1 MTJ2

http://www.unime.it/
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Supply chain optimization

Combinatorialoptimizationproblems(COPs)arebecomingincreasinglyimportant in our society.

Ising  Machine

Airline routes optimization

Job scheduling

Water networks design
NP-hard

http://www.unime.it/
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Ising  Machine

NP-hard

https://www.global.toshiba/ww/products-
solutions/ai-iot/sbm/sbm-technologies.html

New architecture

and algorithms

End of

Mooreôs law

Difficult

to improve

state-of-the-art
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External field

Spin

Interaction

Probabilistic Ising 
Machines

http://www.unime.it/
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Probabilistic  Ising Machine

http://www.unime.it/

