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PETASPIN Association (www.petaspin.com)

PETASPINO026 Schoolon & { LJA y iifNd@amentass and| | Flagship conference in  unconventional computing
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Milan, 711 September 2026
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IEEENANO Conference in Messina (ltafittps://2027.ieeenano.org/)

IEEENANOISs the flagshiplEEENanotechnologyconference The conferencescopecoversa wide rangein nanoscienceand
technology Cochairs GiovanniFinocchioLucaPierantoni
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Spintronics
Spintronicxcombines electrorchargeand spin!

e-
Charge> Spin

Ferrol Spacer Ferro2

Electrmgﬂww ta
Joy 3? C Chargecurrent (spin up = spin down)
O . Ff ;}' " § C Spinpolarizedcurrent (spin up >< spin down)
1 2

T ‘ ;!' ?;; V Directionof the spinpolarization

fMagnetictunneI junctions\

Freelayerc ferromagnets
Isolatingmaterial
Fixedlayer¢ ferromagnets

TunableNonlinearResistance
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Spin Transfer Torgue Memory 1 STT-MRAM

‘H Available online at www.sciencedirect.com
/WA Joumal of
fg SCIENOE@DIRECT° magnetism
i Mani
magnetic
materials
ELSEVIER Journal of Magnetism and Magnetic Materials 286 (2005) 381-385

www.elsevier.com/locate/jmmm

Micromagnetic computations of spin polarized current-driven
magnetization processes

L. Torres™*, L. Lopez-Diaz*, E. Martinez*, M. Carpentieri®, G. Finocchio®

Interestingresearchdirection but
probably STTIMRAMwill neverbe useful
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REVIEW ARTICLE n’i“urff i
https://doi.org/10.1038/s41928-020-0461-5 e eCtronlcs

Opportunities and challenges for spintronics in
the microelectronics industry

B. Dieny@'% |, L. Prejbeanu’, K. Garello®2, P. Gambardella®3, P. Freitas*®, R. Lehndorff¢, W. Raberg’,
U. Ebels’, S. O. Demokritov?, J. Akerman®°, A. Deac™, P. Pirro©", C. Adelmann®2, A. Anane®,

A. V. Chumak®", A, Hirohata®™, S. Mangin©®, Sergio O. Valenzuela™®, M. Cengiz Onbash®",

M. d'Aquino®2°, G. Prenat’, G. Finocchio ®?, L. Lopez-Diaz?, R. Chantrell ©3,

0. Chubykalo-Fesenko©?* and P. Bortolotti'
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Spin Transfer Torgue Memory 1 STT-MRAM

MagnetOreSiStive’nemOrieS Samsung Electronics finalized the development of the world's first
8nm MRAM process, will produce 5nm MRAM by end of 2027

14nm MRAM

Metric ) 8nm MRAM (New) Improvement
(Previous)
Write Speed Baseline 62.5% Faster +62.5%
Density 17.88 Mb/mm? 19.94 Mb/mm? +11.5%
Overall Performance . .
2,712 points 4,146 points +52.9%
(FoM)
" Achieves Automotive Auto-G1
Durability - -

Grade

TSMC to develop 5 nm MRAM technology in Europe, targeting Everspin enters into a $40 million subcontract agreement with
automotive Al applications Amentum to establish US MRAM processes and manufacturing

capabilities for the defense industry

Verticle Compute raises $67 million to accelerate its MRAM-based Al .
technology R&D GlobalFoundries now offers Auto Grade 1 ready eMRAM

Vertical Compute, MRAM for Al technology developer, raised $67 million. This round was led by Quantonation teCh nOIOgy on itS FDX p|atf0 rm

and included many investors, including Flanders Future Techfund (PMV), Wallonie Entreprendre, Sambrinvest,
Noshagq, invest.bw, Drysdale Ventures, Kima Ventures, Eurazeo, XAnge, VCT Vector Gestion SA, imec.xpand,

imec, VLAIO - Flanders Innovation & Entrepreneurship, and Bpifrance. "
- | n u '
l,l N\
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Spin Transfer Torgue Memory 1 STT-MRAM

d =50-200 nm
namre ARTICLES
electronlcs https://doi.org/10.1038/541928-020-0367-2
Ru (10 nm)
Pt (5 nm)
Electrical manipulation of the magnetic order in ST
PtMn, (7 nm)

antiferromagnetic PtMn pillars

Pt (5 nm)

Jiacheng Shi'*, Victor Lopez-Dominguez'4, Francesca Garesci?, Chulin Wang®', Hamid Almasi®",
Matthew Grayson®’, Giovanni Finocchio®3* and Pedram Khalili Amiri®™

?ziture ; ar <1V > cond-mat > arXiv:2509.03026 Help | Ad

COMMUNICATIONS

Condensed Matter > Materials Science

[Submitted on 3 Sep 2025]

ARTICLE
Octupole-driven spin-transfer torque switching of all-antiferromagnetic tunnel junctions

https://doi.org/10.1038/541467-021-24237-y OPEN

Jaimin Kang, Mohammad Hamdi, Shun Kong Cheung, Lin-Ding Yuan, Mohamed Elekhtiar, William Rogers, Andrea Meo, Peter G. Lim, M.S. Nicholas Tey,

bservation of current-in witching in non-

O Se atio . of curre d UCEd S C X g . 0 Anthony D'Addario, Shiva T. Konakanchi, Eric Matt, Jordan Athas, Sevdenur Arpaci, Lei Wan, Sanjay C. Mehta, Pramey Upadhyaya, Mario Carpentieri,

CcO | | Inear ant Ife rro magn etic | r M N3 by d | ffe rentia | Vinayak P. Dravid, Mark C. Hersam, Jordan A. Katine, Gregory D. Fuchs, Giovanni Finocchio, Evgeny Y. Tsymbal, James M. Rondinelli, Pedram Khalili Amiri
voltage measurements 3

Sevdenur Arpac'|1'2'7, Victor Lopez-Dominguez@”E, Jiacheng Shil, Luis Sanchez-Tejerina® 3, (_

Francesca Garesci?, Chulin Wang® ", Xueting Yan® ', Vinod K. Sangwan® °, Matthew A. Grayson® 2,

Mark C. Hersamla]'z'f"ﬁ, Giovanni Finocchio® 3% & pedram Khalili Amiri@mm

2 -
RESEARCH ARTICLE DOI: 10.1002/adma.202312008 Adv. Mater. 2024, 36, 2312008 ‘MDX%ENE AEl.Dds g (; TM R > 300%
Electrically Controlled All-Antiferromagnetic Tunnel g ] C STT in Antiferromagnetic tunnel junctions

Junctions on Silicon with Large Room-Temperature

Magnetoresistance A W,

Jiacheng Shi, Sevdenur Arpaci, Victor Lopez-Dominguez,* Vinod K. Sangwan, 0 . ' :
‘Farzad Mahfouzi, Jinwoong Kim, Jordan G. Athas, Mohammad Hamdi, Can Aygen, ) -1 0 1 2
Hanu Arava, Charudatta Phatak, Mario Carpentieri, Jidong S. Jiang, Matthew A. Grayson,

Nicholas Kioussis,* Giovanni Finocchio,* Mark C. Hersam, and Pedram Khalili Amiri* (mA)

Ipulse

18 June 2026 ET2026 [ Q! lj dzA f | <


http://www.unime.it/

Outline

Coplanar waveoui
Ti/Au s Eulde
”~ 7

Motivation

C RF Technolog

U Oscillators
U Diodes

U Magnetoelectricantenna withdiodes
U Electromagneti@nergyharvesting

HDD / Tapes / Race track

SPl interface
ADC control An all spin hierarchy

SPl interface
DAC control
4

18 June 2026 ET2026 [ Q! lj dzA f | <


http://www.unime.it/

The Internet of Things(loT) is a compellingplatform connecting USD-21000ibillionby2027 )
various sensors around us to the Internet, providing great Digital Twin THE INTERNET OF NANO THINGS

opportunitiesfor the realizationof smartliving. IEEE in Computet6, 2, 6268, 201:
Convergence of disruptive technologies and rapidly evolving business zinnoves D .o " :
models is accelerating the adoption of iot technologies Virus o o s?

Anytime .'\-“ . @, . ':s.""" Implantable

(]
e .-.n onne A o %0 :\ 0‘.:.2 ® . :. .. device
o .
», $e% .0 ¢ %% .2 (microgateway)
g ¥ @ R

o, ¢ “:
u The Nanosensor s st "o %o
i Y

e

20%

loT Technology Products

() o,
Usp usD INTERNET Bl B oer
201 . : 500 Any Place OfTHINGS )
Billion ‘ Billion TSRS Terahertz Gigahertz
loT Technology & 21% IoT Technology & antenna antenna
Services Spend Services Spend =
loT Technology Services
Ao Network ﬁ — Microgateway

)

energy

- Themarketdoublein 5 years - A path to facethis challenge harvester
- Thedevelopmentof productsfor loT will be a C Spintronics, successfulstoriesfor sensors(i.e. GMR/TMR hard disk read
keychallenge headsautomotiveé ), memory(STT-MRAM), etc.

C low energyconsumption Technology #6 C low energy consumption, non-volatile

C assmall aspossible SPINTIiONICS C New functionalities + CMOS-compatible

C high performance C the costis expectedto reducethank to the STT-MRAMSs

C costaslow as pOSSibIe WMF Objective: lower energy consumption [(; nanoscal%ize]
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IEEE TRANSACTIONS ON MAGNETICS, VOL. 55, NO. 11, NOVEMBER 2019

Advances in Magnetics

Overview of Spintronic Sensors With Internet of
Things for Smart Living

Xuyang Liuel, K. H. Laml, Ke Zhuol, Chao Zhengel, Xu Lil, Yimeng Dul, Chunhua Liuez,
and Philip W. T. Pong®!

C Sensors
C Computing
G STTMRAM
C Oscillators

¢ Detectors
C Spintronicenergy

harvesters
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Spintronic oscillators

Activec dc current

ACS Nano > Vol 6/lssue7 > Article

ARTICLE | June 4,2012

High-Power Coherent Microwave Emission from Magnetic Tunnel Junction Nano-
oscillators with Perpendicular Anisotropy

Zhongming Zengt: Pedram Khalili Amirii, llya M. Kriunrolovg, Hui Zhao™, Giovanni Finoccnio‘_ Jian-Ping Wang™, Jordan A, Katine
Juergen Langer”, Kosmas Galatsis¥, KangL.Wang®, and HongWen Jiang™

#‘ Yiming Hua\vJ

Article = Open access = Published: 12 March 2013
Ultralow-current-density and bias-field-free spin-
transfer nano-oscillator

Zhongming_Zeng, Giovanni Finocchio, Baoshun Zhang, Pedram Khalili Amiri, Jordan A. Katine, llya N.

Krivorotov, Yiming_ Huai, Juergen Langer, Bruno Azzerboni, Kang L. Wang & Hongwen Jiang

Scientific Reports 3, Article number: 1426 (2013) ‘ Cite this article

9546 Accesses | 191 Citations ‘4 Altmetric | Metrics
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Spintronic diodes

Perspectives on spintronic diodes

Cite as: Appl. Phys. Lett. T18, 160502 (2021); cloi- 10.1063/5.0048947 S m @ E Spintronicdiode: A sensorwhichconvertsan

Submitted: 28 February 2021 - Accepted: 8 April 2021 . . o .
acsignalto a dcsignal(rectification)

Published Online: 22 April 2021

G. Finocchio," () R. Tomasello,” (%) B. Fang,” (%) A. Giordano,’ () V. Puliafito,” (%) M. Carpentieri,” (%) and Z. Zeng®

Regime of behavior A.A. Tulapurkaret al,Nature438, 339 (2005). Active
Passive “t Passive . | e eoe =1, + SNt #)
Active & oo _ : ,

_' RO = I}, +Rxinwt /3
Type of response 2 o ' 1
Resonant 220 Vdc = Idc IRdc =2'= Iac R@OS( s)l
Nonresonant (Broadband, 10 R e
Multimodes) o | _ 1
Lowfrequency tail S Ve = > l.. B;cos( E)

f (GH2) Passive

Frequency response

.. =1_.sinwt +/,) v:% R 1,.cos( E1 eos(& t 2)

MHz (ferromagnets) ac

il e ) R()= WRsinwt $.) +2 B sin( Bsin@vt ¥,)

THz (antiferromagnets)
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State of the art of spintronic diodes

Perspectives on spintronic diodes

e s AppL ALt 10 160502 2021 ok 01005/5004347 © m ® Vie = lge By, + 1, RIZOS( ;)
Published Online: 22 April 2021 View Online Export Citation CrossMath 2
G. Finocchio,"” () R. Tomasello,” (%) B. Fang,” (%) A. Giordano,' () V. Puliafito,” (%) M. Carpentieri,” (%) and Z. Zeng®
Regime of behavior Injection lockedspintronicdiode (active)
Passive Detectors
: : Selfoscillationl, (1,~=0 Injection lockingl,+ |
Active Energy Harvesting o (1x=0) J 9l ac
' 19 1.0
Type of response Wakeup receiver
Computing element 5 08 _ 08
Resonant P 9 z §
X > 0.6 e
Nonresonant (Broadband, g e
Multimode g 04 2
Lowfrequency tail — 5 -
Frequency response o~ AN-on-chip 032 -028 -024 -020 -032 -028 -024 -0.20
I (MA) I,. (MA)

MHz (ferromagnets)
GHz (ferromagnets) Advanced spintronics: Unleashing spin in the next generation ICs (RIA)
THz (antiferromagnets)
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Spintronic diodes

COMMUNICATIONS : : ;
ARTICLE c] -jl COmpaCt co-integration o

Recei.ved15 Oct 201S.Accepted?Mar2016 Publi.shed?Apr 2016 1o.1oas;mnzss OPEN ﬂgﬂ'ﬂziﬂ Spﬂziﬁlﬂ' magnet%lectnc antenna and
Giant spin-torque diode sensitivity in the absence italiana MTJ
of bias magnetic field \/ e

Bin Fang!, Mario Carpentieri2, Xiaojie Hao3, Hongwen Jiang3, Jordan A. Katine?, llya N. KrivorotovS, e= 2 2000( )
Berthold Ocker®, Juergen Langer®, Kang L. Wang’, Baoshun Zhang', Bruno Azzerboni®, Pedram Khalili Amiri’,

Giovanni Finocchio® & Zhongming Zeng'

' Device + ME Antenné sub mm

ED[J APPLIED PHYSICS LETTERS 113, 102401 (2018)

Ultrahigh detection sensitivity exceeding 10° V/W in spin-torque diode
PRF =0.01p W Like Zhang,'? Bin Fang,’ Jialin Cai," Mario Carpentieri,® Vito Puliafito,*

600 Francesca Garesci,® Pedram Khalili Amiri,® Giovanni Finocchio,*
| 1 and Zhongming Zeng‘ 2,a) '
Z nature nanotechnology
= 400 _

| V E Article https://doi.org/10.1038/541565 inned laver
> e=75600— i S

max

200 | W | ACMOS-compatible, scalableand e forence
| af | compact magnetoelectric spin-torque e
olo® microwavedetector
Wﬂm—‘-
—[JI. 3 —[;.2 | —[:I. 1 | [JI[J | [JI 1 | [IIE Received: 18 July 2025 Shuhui Liu®'?8, Riccardo Tomasello® 3%, Bin Fang"?, Aitian Chen®?,

Like Zhang®°®, Zhenhao Liu', Rui Hu®'?, Wenkui Lin'?, Mario Carpentieri®3,
Baoshun Zhang'?, Xixiang Zhang® ®, Giovanni Finocchio® 7 &
Published online: 02 March 2026 Zhongming Zeng®'?

18 June 2026 ET202&[ Q! ljdzA f I = LG £ &

Accepted: 12 January 2026



http://www.unime.it/

Compact: co-integrationof magneteelectricantenna and MTJ TEM image and&EDSmaps
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Magnetoelectric antenna with diode
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Magnetoelectric antenna with diode
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Electromagnetic energy harvesting

loT 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

H® ¢ KS wAasS 2F LINBRAOUOUAOS KSI f

3. Energy harvesting and adaptive power intelligence

4. Additional security built into the hardware

Energy harvesting and
adaptive power intelligence

Edge processing The Rise of predictive
reaches a new level of maturity health and ‘wellbeing’ loT

gey

e~

o
——
ot -
f —\ 5
3 - - -
] e — -
—_— a -
El

~

Al generated

Additional security
built into the hardware
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Electromagnetic energy harvesting

Broadband detection to take advantage of tf
different frequencies

: « Antenna gain
* Resonance freq,
* Bandwidth
Transmission antenln )) VRcuwing antenna
I f )
ma'b:Tﬂ?::.m k / Rectifier/Voltage \ Power Applications
RF generator - o - multiplier L management L
I:— o
I \ »t / H H
| T'-n L Py i
* RF pawer * Free space path | T N
* Transmission loss ; * O/ Fbor + RF-DC power * Energy storage = Power _
freq. * Operation E * fesonance frag. CONVERSIOR : g”h’"t Tr ) CEREMTITAET
range = Bandwidth afficiency LT EMOTRE R Duty-cycle
! + Mumber of stage
+ Rectifier
configuration
* Sensitivity
EF soures I Transmission space I Wireless power harvesting circuit

Fig. 1 Conceptual block dizagram of an RF power harvesting system
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Electromagnetic energy harvesting

h= Pd c PHYSICAL REVIEW APPLIED 11, 014022 (2019)
P . . o .
! Experimental Demonstration of Spintronic Broadband Microwave Detectors and
Their Capability for Powering Nanodevices
Bin Fang,' Mario Carpentieri,” Steven Louis,” Vasyl Tiberkevich,* Andrei Slavin,* Ilya N. Krivorotov,’
Riccardo Tomasello,® Anna Giordano,” Hongwen Jiang.® Jialin Cai,! Yaming Fan,'! Zehong Zhang,'
Baoshun Zhang,' Jordan A. Katine,” Kang L. Wang,'” Pedram Khalili Amiri,'™!
Giovanni Finocchio,”»” and Zhongming Zeng'
102’_ Theoretically estimated efficiency of broadband
1000 — 101 3 spintronic diode (Ref. 12 in the main text)
70 — P_=01uW _ 3 TR —— . R
- 500 - P =108W 3 10°- SMS7630
< A < S 1 Schottky diode
== | '© 10 3
= 0 g 0 % _ ]Resonant \
':;.-E = < 10 1 spintronic diode (Ref. [10]) °4m
] o : o
3 -o-80 @~
-500 broadband g 107 1 _o-- H Broadband
.20 4 = 1 04‘: D/D’D Response
O qeped” Resonant
' -1000 , , Q 10° 1 " - response  Spintronic diode
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