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Spintronic diodes

Type of response Regime of behavior Frequency response

Resonant Passive MHz (ferromagnets)
Non-resonant Active GHz (ferromagnets)

) Broafjband THz (antiferromagnets)
- Multimodes

Low-frequency

Perspectives on spintronic diodes
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The Internet of Things (loT) is a compelling platform connecting

. . e Anything
various sensors around us to the Internet, providing great Any Device
opportunities for the realization of smart living. Q gi
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INTERNET
o'THINGS .

Any Business

16.3%

*+ Sensor, MEMS, Actuators.
Chipseis

usD Usk

loT Technology |- cannectivity Harwars inciuging | 10T Technology 2 Any Place
1 2 0 Products RIS, CO0R SOOTROmOrE. Products 5 3 Anywhere
— * Nebvork bandwidth —

+ Storage & Server infrasiruciune

+ laT Platforms @

Billion

Billion
16.7%
Total loT Spend Expected loT Spend
2016 2021 Any Path
Any Network
[« Advisory & Gonsuting
loT Technology | . proguct Beveiopment loT Technology
Services Engineering Services
= Managed Services

inna Proprietary Confidential Scurce: Zinov Research & Analysis

- The market doubled in 5 years. USD >1000 billion by 2027
- The development of products Digital Twin

for 1oT will be a key challenge:

Ucost as low as possible

Ulow energy consumption

Unanoscale size

Uhigh performance
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The Internet of Things (loT) is a compelling platform connecting po—

Any Device

various sensors around us to the Internet, providing great
opportunities for the realization of smart living.

Anytime
Any Context

Anyone

2
The “‘
INTERNET
Of TH I N GS Any Service

Any Business

ZINNOV./ Global spend on loT Technology Products and Services by Gorporates is ~USD 120 Bnand | (I 2/170V"
- is expected to grow at 16% GAGR to reach USD 253 Bn by 2021 VBN ZONES

5 15.3%
— — D% RNl —
Billion Billion
2 « Sensor. MEMS, Actuators,

Chipsets

usD USD

loT Technology |- connectuity Harhwars incluging loT Technology Any Place
1 2 0 Products gateways. data aggregators Products Z 5 3 Anywhere
—_— * Network bandwidth —

* Siorage & Server infrasiructure

+ loT Piatforms

Billion

Billion
Total loT Spend S b Expected loT Spend
2016 2021 Any Path
Any Network
loT Technology m:,m loT Technology
Services i m e Services
- The market double in 5 years. - A path to face this challenge...
- The development of products = WSpintronics, successful stories for sensors (i.e. GMR/TMR hard
for 1oT will be a key challenge: disk read heads, automotive...), memory (STT-MRAM), etc..
Ucost as low as possible Ulow energy consumption
Ulow energy consumption Unanoscale size
Unanoscale size Uhigh performance
Qhigh performance UThe cost is expected to reduce thank to the STT-MRAMs
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TEEE TRANSACTIONS ON MAGNETICS, VOL. 55. NO. 11. NOVEMBER 2019

Advances in Magnetics

Overview of Spintronic Sensors With Internet of
Things for Smart Living

Xuyang Liu®! K. H. Lam', Ke Zhu®!, Chao Zhengwl_ Xu Li', Yimeng Du!, Chunhua Liu®2,
and Philip W. T. Pong®!
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J1Computing
ASTT-MRAM
JOscillators
IDetectors

Spintronic energy
harvesters

Sensing unit

Spintronic sensors

Electrical current sensing:
Transmission and distribution
lines momtoring;

Vehicle detection;
Riodeteetion,

Transceiver

Aiphiec, Hluctoalh,
=11, RFID. KEC,
LTE-A; ete

Energy
harvesting unit
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Resonant spintronic diode

ature 438, 339 (2005).

. 7 Microwave Current |
sollE — _dc =|1.4”— I | _.I_soolc}e 2 - Diode effect Vdc — EIGCARS COS((Ds)
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Resonant spintronic diode

ARTICLES
Used for the characterization of the damping-like Measurement of the spin-transfer-torque
. . . vector in magnetic tunnel junctions

and field-like torques in MTJ J .
JACK C. SANKEY', YONG-TAO CUI", JONATHAN Z. SUNZ, JOHN C. SLONGZEWSKI2*,
ROBERT A. BUHRMAN' AND DANIEL C. RALPH1!
*Comell University, Ithaca, New York 14853, USA
e s i
The detection sensitivity was too low for practical
. . . . 25 :
application in microwave detectors. ﬁ o
20 Vg e
JOURNAL OF APPLIED PHYSICS 106, 053905 (2009) % > .‘:P' A
215 !
Sensitivity of spin-torque diodes for frequency-tunable resonant £ M,.‘-‘- .o
microwave detection %10 :'--,';‘
C. Wang," Y.-T. Cui,' J. Z. Sun,2 J. A. Katine,® R. A. Buhrman,' and D. C. Ralph"® = 58° « i LT
LCornell University, Ithaca, New York 14853, USA C 5 " 1 '-“‘A‘ -
i!BM T. J. Watson Research Center, Yorktown Heights, New York 10598, USA % 120°-"h
Hitachi Global Storage Technologies, San Jose Res. Cir., San Jose, California 95135, USA . ',.
(Received 5 May 2009: accepted 8 July 2009: published online 4 September 2009) 0 -0.10 -0.05 0.00 0.05 0.10

Bias current (mA)

Milestones
Interfacial perpendicular anisotropy (IPA)

Voltage controlled magnetocrystalline anisotropy (VCMA)
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Resonant spintronic diode

IR [ LETTERS | &
matef 141S PUBLISHED ONLINE: 11 JULY 2010 | DOI: 101038/NMAT2804 — L —

% nm Ru

Snm Ta

A perpendicular-anisotropy CoFeB-MgO
magnetic tunnel junction

b B
EnmTa

S. Ikeda'2*, K. Miura'23, H. Yamamoto'?3, K. Mizunuma?, H. D. Gan', M. Endo?, S. Kanai?,
). Hayakawa?®, F. Matsukura'? and H. Ohno'2*

Electrostatic interaction MgO/CoFeB = surface perpendicular anisotropy

5
Gty ™ £
1 .-lll-lll-—ll'

) The easy axis depends on
o the thickness of the CoFeB

- 30
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-n:.. 0 05 W I I R |
H T
Hejj’ = Hext +Hexch +Hani +HM +HT
2 June 2021 - SPICE

y
Peta

Spin
S



Resonant spintronic diode

Type of response Regime of behavior Frequency response

Resonant Passive GHz (ferromagnets)

The detection in passive diodes can be improved with the additional
support of the

— VCMA

week ending

PRL 108, 197203 (2012) PHYSICAL REVIEW LETTERS 11 MAY 2012

5<500K
w

Voltage-Induced Ferromagnetic Resonance in Magnetic Tunnel Junctions

Jian Zhu,' J. A. Katine,” Graham E. Rowlands,' Yu-Jin Chen,' Zheng Duan,' Juan G. Alzate,® Pramey Upadhyaya.®
Juergen Langer,4 Pedram Khalili Amiri,? Kang L. Wang,3 and Tlya N. Krivorotov'

V= %IMARS cos(P,)
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Resonant spintronic diode

Type of response Regime of behavior Frequency response

Resonant Active GHz (ferromagnets)

1 : P
V, = 5 I AR cos(D)+1, AR, (I,.) Nonlinear rectification effect

Injection locking (zero field operation and room temperature)
- Auto-oscillator
- An acinput with a frequency close to the one of the auto-oscillator
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RF input (Pge) Bias tee
h— | M
COMMUNICATIONS (. é‘.‘- L
1
| 1
LI
ARTICLE Free layer Co,Fe By 183mm
Received 15 Oct 2015 | Accepted 7 Mar 2016 | Published 7 Apr 2016 OPEN Tunnel barrier MgO ogam || T
Reference layer Ozé; nm ‘%- @}
. . . - . . Pi dl . ::
Giant spin-torque diode sensitivity in the absence ,fmeae = 1|2
. - ; : g
of bias magnetic field 2§
Ereen,, | g
Bin Fang!, Mario Carpentieri2, Xiaojie Hao3, Hongwen Jiang3, Jordan A. Katine?, llya N. Krivorotov®, : ._@_m_ B

Berthold Ocker®, Juergen Langer®, Kang L. Wang’, Baoshun Zhang', Bruno Azzerboni®, Pedram Khalili Amiri’,
Giovanni Finocchio® & Zhongming Zeng'
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Resonant spintronic diode

Self oscillation I (1,.=0)

Injection locking I, + 1,
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Resonant spintronic diode

Type of response Regime of behavior Frequency response

Resonant Active GHz (ferromagnets)

Vd = ! ]aCARS COS(@S) +]chRdc (]ac) Nonlinear rectification effect

C

Nonadiabatic stochastic resonance (field and low temperature)

APPLIED PHYSICS LETTERS 103, 082402 (2013) w brbipsord (a]

V Nonlinear ferromagnetic resonance induced by spin torque in nanoscale

E = 25000 _ magnetic tunnel junctions
w

X.Cheng,"? J. A. Katine,? G. E. Rowlands," and I. N. Krivorotov'
' Department of Physics and Astronomy, University of California, Irvine, California 92697, USA
2HGST, San Jose, California 95135, USA

Nonlinear resonance (field and room temperature)

nature S
|4 materials

& =12000—
/4

ARTICLES
BER 2013 | DOI: 10.1038/NMAT3778

Highly sensitive nanoscale spin-torque diode

S. Miwa', S. Ishibashi"2", H. Tomita', T. Nozaki"?, E. Tamura', K. Ando', N. Mizuochi', T. Saruya?*,
H. Kubota?, K. YakushijiZ, T. Taniguchi?, H. Imamura?, A. Fukushima?, S. Yuasa? and Y. Suzuki"?*

First demonstration that spintronic diodes overcome the thermodynamic
limit of Schottky diodes
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Resonant spintronic diode

Type of response Regime of behavior Frequency response

Resonant Active

V :l] AR cos(®@ )+ 1, AR, (I ) Nonlinear rectification effect
dc 2 ac S S dc dc \"ac

GHz (ferromagnets)

Vortex core expulsion (field and room temperature)

d f
nature ARTICLES
nanOteChn()lOgy LLLLLLLLLLLLLLL : 4 JANUARY 2016 | DOI: 10. .1038/NNAN NO.2015.29! 5
k V 200 o
E= 40 — Spin-torque resonant expulsion of the vortex core %m H
W for an efficient radiofrequency detection scheme 8
A. S. Jenkins', R. Lebrun', E. Grimaldi', S. Tsunegi'?, P. Bortolotti', H. Kubota?, K. Yakushiji2,
A. Fukushima?, G. de Loubens?, O. Klein*, S. Yuasa? and V. Cros™ 04

Spin bolometer and injection locking (field and room temperature)

(a) (

“nature >—
COMMUNICATIONS - i RFAag_g oo 5
ARTICLE | MgO barrier
MV https//doiorg/10.1038/s41467-020-2063+0_[EKSTI=IN My Co-FeB P .‘.n-.;- —
&= 4 Uncooled sub-GHz spin bolometer driven by

B K x
auto-oscillation
l l J T
Minori Goto® 2™, Yuma Yamada® ', Atsushi Shir 3, Tsuyoshi Suzuki3, Naomichi Degawa3,
Takekazu Yamane?, Susumu Aok, 3

12 T T
,,,,,,,,,,,,,,, ste P =55 dBm |
Ell ]
1 4 L |
— :§ - ]
Vie = 1L AR, c05(@) + (I, @ARdC(IaC) dobotio]

Frequency (GHz)
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Resonant spintronic diode

Injection locked spintronic diodes — ReLU-like activation function

Sparse neuromorphic computing based
on spin-torque diodes

Cite as: Appl. Phys. Lett. T14, 192402 (2019); doi: 10.1063/1.5090566
Submitted: 29 January 2019 - Accepted: 24 April 2019 -
Published Online: 13 May 2019
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Resonant spintronic diode

Injection locked spintronic diodes - Degree of Rectification

20 i T T
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Resonant spintronic diode

Spintronic diodes as receivers for demodulation of Frequency-shift keying!

. .
Dual-band microwave detector based on magnetic o8|
H H —J,,=-1.565 mA
tunnel junctions iy
04t L
: : s z
Cite as-: Appl. Phys. Lett. 117, 072409 (2020); doi: 10.1063/5.0014881 @ l'l'l @ £ =
Submitted: 22 May 2020 - Accepted: 7 August 2020 - ‘—% N
Published Online: 21 August 2020 VenCole:  EipetCaabon s >
Like Zhang,‘z<@ Jialin Cai,’ (Bin Fang,' (1) Baoshun Zhang,'” (0 Lifeng Bian,'” Mario Carpentieri,” ®
Giovanni Finocchio,“” (%) and Zhongming Zeng'**' (%)
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Type of response Regime of behavior Frequency response

Broadband Passive GHz

Sensor gield

: Sensing unit r Embedded processing 1' '

Spintronic sensors _‘ uait “ Transceiver | . .

|| e |t promer Lt e | | 1 SpiNtronic energy
t lines monitoring; e WieFi, RFID, RIC, :

Vehicle dF'wm Sl Storage unit LTE-A, ete

| [ harvesters

TEEE TRANSACTIONS ON MAGNETICS, VOL. 55. NO. 11. NOVEMBER 2019

Advances in Magnetics

Overview of Spintronic Sensors With Internet of

Things for Smart Living

I
]
Salar cells, vibrathion, fuel cells, neonshic nomse, mobile :
supplier, scavenging energy from AC power ling, ele ]
!

Xuyang Liu®! K. H. Lam', Ke Zhu®!, Chao Zhengwl_ Ku i, Yimeng Du', Chunhua Liu®2,
and Philip W. T. Pong®!
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Motivation — Energy Harvesting

nature .
materials

Spin caloritronics

Gerrit E. W. Bauer'?*, Eiji Saitoh'? and Bart J. van Wees*

NATURE MATERIALS | VOL 11 | MAY 2012

Thermal
Power

| Electromagnetic
Wi )

Power Energy harvesting
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Motivation — Energy Harvesting

-,

T Spintronic aioaes
* Resonance freq,
= Bandwidth
Transmission antenna ))) : VM:h'ing antenni
;'“i‘”d’““ | [ | Rectifier/Voltage Power Applications
RF generator | e i o 2 £y muktiplier managament
L ‘__H_ = (] t-
I Bt ] E
?' ] P
* RF power * Free space path TR -
= Transmission loss o G fartar Z : # El_‘n:fﬂﬂnrm - Power
freq. * Operation * flesonance freq. conversion X g“'l"-"‘i-"“: | condumg- e
range + Bandwidth efficlancy utput voltage:  * Duty-cycle
* Mumber of stage
* Rectifier
configuratian
« Sensitivity
RF source Transmassion spoce Wireless power harvesting e
Fig. 1 Conceptual block diagram of an RF power harvesting system

Tran et al. Micro and Nano Syst Lett (2017) 5:14

ol et el © Micro and Nano Systems Letters

REVIEW Open Access

RF power harvesting: a review @
on designing methodologies and applications

Le-Glang Tran', Hyouk-Kyu Cha® and Woo-Tae Park'™'®
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Motivation — Energy Harvesting

Hemour and Wu: Radio-Frequency Rectifier for Electromagnetic Energy Harvesting
Vol 102, No. 11, November 2014 | PROCEEDINGS OF THE IEEE

100 R R R L 2B E S 0 T T T T T
80 - ‘g =l i
> £ ol ]
E i | 8 [ 100Wiear
b4 CMOS Z 0
= 2 2
f._f A § A 80
TS L - - L
20 E 2.4MW High barrier ~_ - g |
I Low barmier = : Schottky diode F-" 4
o e e o o B DTV GSM 000 WiFi
0.1 | 10 100 500 1000 1500 2000 2500
RF POWER AT THE INPUT RECTIFIER CIRCUIT (pW) FREQUENCY (MHz)
The efficiency goes down for input power below 100 uW.
Low barrier Schottky diodes can be used for power below 10 uW.
e ———————— MT)J (spin diode EffECt) can be a

Towards Low-Power High-Efficiency RF . .
and Microwave Energy Harvesting direction towards nW

3 ] s o o s . o
s e b IEEE, Nugine 2o sude e 122, culs i b oz @@ Ctromagnetic energy harvesting
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Broadband Spintronic diode

JOURNAL OF APPLIED PHYSICS 111, 123904 (2012)

Spin-torque microwave detector with out-of-plane precessing
magnetic moment

O. V. Prokopenko, ' |. N. Krivorotov,2 E. Bankowski,® T. Meitzler,® S. Jaroch,*
V. S. Tiberkevich,” and A. N. Slavin*

25 3.0 3.3 4.0

Irr (D)
Tilted Easy axis induced /. GHz
by the IPA

2 June 2021 — SPICE



Broadband Spintronic diode

Type of response Regime of behavior Frequency response

Broadband Passive MHz-GHz

PHYSICAL REVIEW APPLIED 11, 014022 (2019)

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'
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Broadband Spintronic diode
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Broadband Spintronic diode

1.4
H_ =11725 Oe .
12 o 3900 Second order anisotropy
2 contribution in perpendicular
= magnetic tunnel junctions
§ A. A.Timopheevt23, R. Sousal??, M. Chshievt®*3, H. T. Nguyen'?? & B. Dieny%%?
g 0.8 o Exp dat g SCIENTIFIC REPORTS | 6:26877 | DOIL: 10.1038/srep 26877
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Broadband Spintronic diode
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Broadband Spintronic diode
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Broadband Spintronic diode
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Broadband Spintronic diode
-2

SKYWORKS®
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Broadband Spintronic diode
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PHYSICAL REVIEW APPLIED 11, 014022 (2019)

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'
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Broadband Spintronic diode
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Broadband Spintronic diode

Theranostics 2018, Vol. 8, Issue 4 1505
¢y IVYSPRING ;
WS/ INTERNATIONAL PUBLISHER. ’ I' eranostics

20185; 8(4}: 1005-1026. doi: 10.7150 j' thno.22573
Review

Black Phosphorus and its Biomedical Applications

Jane Ru Choil* , Kar Wey Yong?*, Jean Yu Choi?, Azadeh Nilghazl, Yang Lin#, Jie Xu#?, Xiaonan Lul
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Broadband Spintronic diode

Optimization of broadband detectors

ETSAPPLIED MATERIALS
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Research Article

& Cite This: ACS Appl. Mater. Interfaces 2019, 11, 29382-29387
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Enhanced Broad-band Radio Frequency Detection in Nanoscale

Magnetic Tunnel Junction by Interface Engineering

Like Zhangﬁ’i Bin Pang,'% Jialin Caif’i Weican \«\f'u;r Baoshun Zhang,j'i Bochong Wang,§
Pedram Khalili Amiri," Giovanni Finocchjo,l and Zhongming Zeng*"'ie
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Broadband Spintronic diode

Injection locked spintronic diodes — Array configuration
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2.8 T T
Parallel 1 _4 4STO!
26l i =1 5TO |
i I
® 24
- I
————
2.2¢ I locking !
| range |
P | I | -
2'%.0 2.2 2.4 2.6
f. (GHz)

2.8

Series

i p—
locking |

—a— 4 STO :
—e— 1 STO

range I
L A |

0 22

24 2.6
f: (GHz)

2.8

50

40}

v, (mv)

101

Q

40}

Ve (mV)

30

20}

)

Oscillator array

in series

dc-dc boost

converter

o 1 2 3 4
f(GHz)
% & -0O- Vc
\n\u -o- Vout
o-o0o—-0-B=g-0-0-0-0
& Lepon N
LLQ e e
O LEDOFF L
| R
o o
| o
- o i i . e
0 30 60 90
time (sec)

Vout (V)

v, (mV)

(1]

Vout (V)

P (mW)

40t
30t
&
20f 9
o0
5y O
10t 8 q
8 ]
WY
0720 22 24 26 28 30
f(GHz)
4f
o N
LED OFF
0 " n L
0

0 20 40 60 80 100
time (sec)

2 June 2021 — SPICE



Broadband Spintronic diode

Type of response Regime of behavior Frequency response

Low-frequency tail Passive MHz

PHYSICAL REVIEW APPLIED 14, 024043 (2020)

Low-Frequency Nonresonant Rectification in Spin Diodes

R. Tomasello,"* B. Fang,>! P. Artemchuk® *# M. Carpentieri®,’ L. Fasano®,® A. Giordano,”
0.V. Prokopenko®,? ZM. Zeng,2-" and G. Finocchio”-
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THz Detectors

Progress in Quantum Electronics 34 (2010) 278-347

Review

s Progress in
] Quantum
&8k THz detectors i O
ELSEVIER
F. Sizov**, A. Rogalski®
O Incoherent detection systems which

allow only signal amplitude detection.

Coherent  detection systems, which
allow detecting not only the amplitude
of the signal, but also its phase.

PHOTONICS

TERAHERTZ

Raalicr . Millimeter Terahertz
waves Mictowaves waves WEVES
14 GHz 100 GHz 1 THZ 10 THz bol THz 1 PHz
100 ps 10 ps | 100 & i0fe I fa
Lol | | | Ll i I PR g
T T T T T T T B R T
190 mm 10 mm 1 mm 101 10 pm 1 pm 10am
0.1 g | e 10 car™ 100 girr! 140 ! 10,000 e 100,000 ¢

J Photon detectors.
d Thermal detectors.

OPTO-ELECTRONICS REVIEW 19(3), 346404, 2011
DO 10.2478/11772-011-0033-3

Terahertz detectors and focal plane arrays
A. ROGALSKT' and F. SIZOV?

1647 I

Vol. 43, No. 8 / 15 April 2018 / Optics Letters

Graphene-based broadband terahertz detector
integrated with a square-spiral antenna

WanLong Guo,™® Lin Wang,'™ XiaosHuang CHEN,™* CHangLonG Liu," Wewe Tang,' CHEnG Guo,!
JiN Wang,! anp Wer Lu’

Table 1. Comparison of the Performance and Efficiency of this Work and the Earlier Works About Graphene Based
Terahertz Detectors

Materials Device Architecture Spectral Range (Terahertz) ~ NEP (nW /Hz"3) Responsivity (V/W) References
Manuiayer Graphmu Squa.re-Spi.ra.l Antenna 0.08 ~0.12, 0.14, 0.3 0.35 28 This Letter
Bilayer Graphene FET 0.29 ~0.38 2 1.2 [6]
Graphene FET on Flexible Substrate 0.487 3 2 [26]
Monolayer Graphene FET 0.3 30 0.15 [15]
Monolayer Graphene Asymmetrical Electrodes 1.9 1.7 4.9 [8]
Monolayer Graphene Split Gating 0.4 0.13 74 [21]

L Graphene based THz detectors.
J THz detectors with metamaterials.
J AFM —based THz detectors.

Review Trends in Food Science & Technology 85 (2019) 241-251

State-of-the-art in terahertz sensing for food and water security — A
comprehensive review

Aifeng Ren™”, Adnan Zahid”, Dou Fan®, Xiaodong Yang”, Muhammad Ali Imran?,
Akram Alomainy®, Qammer H. Abbasi™"
Detection of water content in living plant leaves: The first ap-

plication of THz imaging and sensing for detecting the water content is
to monitor and evaluate the moisture level of plant leaves, which can
provide the valuable information to farmers and scientists regarding
plant drought stress and irrigation management. In (Qu, Nie, Lin, Cai, &
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THz Detectors

Type of response Regime of behavior Frequency response

Resonant Passive/Passive THz

Theoretical predictions

Main motivations:

O Resonant
 Tuneable electrically
O Compact size

2 June 2021 — SPICE



THz Detectors
Micromagnetics h
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THz Detectors
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THz Detectors
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[EEE TRANSACTIONS ON MAGNETICS, VOL. 57, NO. 2, FEBRUARY 2021
Modulation, Injection Locking, and Pulling in an
Antiferromagnetic Spin-Orbit Torque Oscillator

V. Puliafitoe™!, L. Sanchez—Tejerina®2‘3, M. Carpentieri@4. B. Azzerboni®!, and G. Finocchio™?
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Conclusions

d Spintronic diodes based on magnetic tunnel juntions are
ready to face the last challenges needed to face before

approaching the market!

J Antiferromagnets are very promising for the realization of
a resonant, compact (sub-micrometer size) and tuneable
THz detector. (Still on the paper but | think in less than 1
year, there will be a proof-of-concept.

Perspectives on spintronic diodes
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