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Motivation
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Read our COVID-19 research and news.

SHARE  SPECIAL REVIEWS
@ Spintronics: A SEJ|
o Future . . o

sewn oo OpiNtronics, Magnetoresistive

@ + See gll authors and affiliations H d ]

nature G 1 2
Wtudies the e Bl aterials 1T Spintronics

. sors b j— pintronics is the area of condensed-
p rO p e rtl eS Of th e fthe : S matter physics that studies the

properties of the electron spin,

I k drive with a view to improve the efficiency of
eI eCt r O n an d S p I n - tion a electronic devices and to enrich them with
- - H H new functionalities.
I n p rl n CI p I e y for S pl ntro n ICS Such a broad definition implies that
EE, an the range of subjects that fall under the

umbrella of spintronics is inevitably very
wide. In one extreme, researchers explore
the control of single localized spins, realized
on single atomic sites in crystals — such as
nitrogen-vacancy centres in diamond — or
in semiconductor quantum dots. These are
regarded as spin qubits, ideal for quantum

one expect less scattering
and higher frequency
operation.
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Motivation

Electrical spin
Generation .
Mechanical O Spin-orbit nature mate"als
rotation effects
Explore content v Journal information v Publish with us v
\ nature » nature materials ? articles ? article
Splns
//* Published: 06 March 2005
Geometrical phase 1 i = =
p /‘% 6 ? Towards molecular spintronics
Alexandre R. Rocha, Victor M. Garcia-suarez, Steve W. Bailey, Colin J. Lambert, Jaime Ferrer & Stefano
¢ 28 Sanvito &
.
Nature Materials 4, 335-339 (2005) | Cite this article
- 5785 Accesses | 1027 Citations | 12 Altmetric | Metrics
Influence of Electromagni
thermal gradient wave

apEticatn A Easily reproducible

A Inexpensive

A Symmetry breaking in the nano
scale

Spin-band splitting

A. Hiroata, et al. Journal of Magnetism and Magnetic Materials 2020, 509.




The CISS Effect

What about the electron
spin?

I Chiral Induced =pin —electivity

MO| abiey)d

Chiral molecules as spin filters.
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The CISS Effect

What about the electron
spin?

I Chiral Induced “pin “electivity e, e
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Electrical CISS Nano Memory

alpha helix
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L or D PAL (polyalanine), thiolated U-helix -
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C, A, and K represent cysteine, alanine, and lysine
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Vertical Memristor Device

1.0x107
Bottom electrode
5.0x10°
Adsorb AHPA-L or AHPA-D and multiple FMNPs
Al O, tunnel barrier ;% s
Top electrode *5 5. 0x10°%4
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Single nanoparticle magnetic spin memristor
H. Al Bustami, G. Koplovitz, D. Primc, S.Yochelis,
E. Capua, D. Porath, R. Naaman, and Y. Paltiel
Small 1801249 (2018).
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Single FMNP device

Results 0 2 states logic device
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Magnetic impurities

A Skyrmions chiral impuritiesé .

Hybrid chiral domain walls and skyrmions in magnetic multilayers

I ,«5‘;,{ &8 William Legrand , Jean-Yves Chauleau*, Davide Maccariello , Nicolas
- s ..t(\ e Reyren, Sophie Collin, Karim Bouzehouane, Nicolas Jaouen , Vincent
', v :',f’f, T a8 Cros, Albert Fert
, ~ Nt A
o \\ L
: - ~ v \ \ ‘ . -

Sketch of chiral fiBloch skyrmiono
Scientific Reports 10, 8657 (2020) .
Nature communication 11, 1115 (2020) .

Chiral spintronics S Can the CISS be utilized P. Parkin; Nature
Reviews Physics , 3 Tg control, and manipulate

@@ magnetic impurities?
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Exchange Interactions

>

N

T ' I I
a) /’/ d) {|— PaPp NIy,
.21 = | l - p(x-pﬁ (Nim—down)
— =
Es ]
S Sl : |
S 0.4} */ //// E g: .L
" -~ 1 A - — A~
e i @] |
i oo ’r:f( / HS?“““P 1 & '
T' / L= ¥m=d0wn ]

1 L I . !
2

5 3 . "55 4 4:5 5 5.5
O - Ni distance (Angstrom)

b)

PDOS 0y

OO0

R

The Role of Exchange Interactions in the Magnetic Response and/lolecular

Recognition of Chiral Moleculeslano Letters10, 7077 7086(2020.
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Selectivecadsoerptiormn --> Selectiveanagnetizationon

Selectivesadsornptiona helix polyalanine
resultsiinsselective-magnetization ofaferromagnet

O. Ben Dor, et al. Nat. fmmun. 2017, 8.

4
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Moment (I 107 5) (emu)

Magnetization with no

current

The current density required for the spin-transfer torque (STT) is of the order
of 106 A/lcm?

STT i current density equals10?® electrons/ s cm?

Adsorption of molecules 103 molecules/cm?

Here if 1 electron is transfer per molecule10!® molecules/cm?
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Magnetize substrate enantio -

selectivity
Di-l-

Magnetization-of:adferromagnet
results insselective @dsorption afhelix polyalanine

Banerjee-Ghosh et al. Science. 2018, 360.

A

Does this brake time reversal?!
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NV centres

A NV centers- Local highly sensitive
magnetic sensor

A Can measure both direction and

magnitude | :
In collaboration with
Nir Bar-Gill lab @ HUJI

A Consists of a substitutional nitrogen
atom and a vacancy on adjacent
lattice sites

: b Quantum Nano Engineering Lab 9/2/2021
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NV centres manipulation

A Optical absorption (532 nm) NV~
3
|+ )— L
A Fluorescence 600-800 nm 0 3
NV centres Rl =
A Spin manipulation with -’ | |E 9 |«
microwave ~3GHz R 3
EX
10) —
A

.-, . . . sl Laser excitation Radiative deca — Non-radiative deca
Initialization in O state L =P Radistivedecoy == =P diative decay
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NV centres magnetization measurement

A decrease in fluorescence in the resonance MW

frequency
NS Naad
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Microwave Frequency (GHz)

Zeeman Splitting- proportional to external magnetic field
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NV centres magnetization measurement
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Using NV centers can give us the magnitude & direction of

magnetization
QN LE)
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Time evolution of the _
magnetization reorientation
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I. Meirzada", N. Sukenik" et al. d.ong-Timescale Magnetization Ordering Induced by an Adsorbed Chiral
Monolayer on Ferromagnets6ACS Nano. 2021, 15.
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Time evolution of the _
magnetization reorientation

‘ Measurement Simulation
. Magnetization
o__ angles:
] I— 7
' (1,0, 9)
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A Magnetization angle
compatible with
monolayer tilt angle

« | A 7 isnotrandom

I. Meirzada", N. Sukenik" et al. &.ong-Timescale Magnetization Ordering Induced by an Adsorbed Chiral
Monolayer on Ferromagnets6ACS Nano. 2021, 15.
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Magnetization time evolution

4 A Magnetization weakens over
- time
— h | A Magnetization angle increases
t_4 r) = over time

I. Meirzada", N. Sukenik" et al. d.ong-Timescale Magnetization Ordering Induced by an Adsorbed Chiral
Monolayer on Ferromagnets6ACS Nano. 2021, 15.
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Time evolution of the

magnetization reorientation

a Dipole angle vs Time b Molecules angle vs Time
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Both tilt angle and magnetization angle increase over time

I. Meirzada", N. Sukenik" et al. d.ong-Timescale Magnetization Ordering Induced by an Adsorbed Chiral Monolayer on FerromagnetséACS Nano.

2021, 15.
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The magnetization Is
metastable and
seems to break T due
to thermal
fluctuations !!!

But we are on a magnet - does

break T in any case and we
have dissipation

Artem G. Volosniev, Hen Alpern, Yossi Paltiel, Oded Millo, Mikhail Lemeshko, and Areg

Ghazaryan, Interplay between friction and spin-orbit coupling as a source of spin
'@@ polarization; Phys. Rev. B 104, 024430 (2021).
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AFM- Based Spin - Exchange
Microscopy Using Chiral Molecules

By adsorbing a chiral molecule on an AFM
tip, magnetic sensing is possible. 7

Spacer »a 63 nm

4
AHPA g 1 nm

— — — — —

Measure directly the
exchange force

Amir Ziv, Abhijit SahaHenAlpern, Nir Sukenik LechTomaszBaczewski ShiraYochelis

Meital Recheg and Yossi Paltief; AFM-Based Spin ExchangeMicroscopy Using Chiral
Molecules AdvancedMaterials(2019.
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Chiral spin AFM

Measure directly the exchange force

Magnetic imaging is achieved due to
exchange interaction and not by
magnetic dipole interaction
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II . Atomic resolution of magnetic mapping!!!!
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CISSon Tip

In order to isolate the specific interfag®lecule
Interaction:

A A spacer molecule is placed between the tip an
the molecule of interest, to reduce VDW and
electrostatic interaction.

A The measurement if perform in a liquid
environment to avoid capillary forces

A The measured sample is an MBE grown sample
avoid discrepancies between the composition a
topography.

» 8 I=a b Quantum Nano Engineering Lab 9/2/2021




Mean Pulling Force [pN]

AHPA

120

100

80

60

40

20

Counts Counts

Counts

10

20

10

(a)

(AHPA)

(Control)

H

GHEHHHEY (tHHtttett)

) (Y (teteteteettt) (

)

Down Up Non- Down Up Non-
Magnetization Magnetization Magnetic Magnetization Magnetization Magnetic
(b) TEFREATANAY) (e) [EEERREANAY)
Down 250 Down
Magnetization 5 Magnetization
S 25
e 00 (£
mrr | 4|, | TN RARAR)
Up C 5o Up
Magnetization O 8 Magnetization
o,
— ;50 |9 —
Non- g Non-
Magnetic 8 2.5 Magnetic
Thm 0.0
0 50 100 150 200 0 50 100 150 200
Pulling Force [pN] [____ Suggested FitJ Pulling Force [pN]

Quantum Nano Engineering Lab

Results

Control experiments were made w
gold alone and with an achiral
molecule with the same linkers.

A force difference op @o |
@& NN U was measured.
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Suggested Mechanism
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CISS Effect
ect ,H='

Spin polarization
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Different Pulling Forces
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Interaction

( 650 A

A Energy
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Amir Ziv, Abhijit SahaHenAlpern, Nir Sukenik LechTomaszBaczewskj ShiraYochelis
Meital Recheg and Yossi Paltiel; AFM-Based Spin ExchangeMicroscopy Using Chiral

Molecules AdvancedMaterials(2019.
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Using Chiral molecules to achieve
nano scale magnetic mapping

Molecular Spin Exchange Imaging
a o Extended Dela b ~ ~p=f--——-“=r"’“"‘”"'(c) sec Extended Dela
( ) No Extend d Delay (b) Yosomi o _ A ay

Farce Position

0
0 5 10 0 2 4 i 6 8 10 0 5 10
ssssssss jon Position [1m]

Magnetic Force Imaging
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Work function results

Ni or Co Q—D
Ferromagnetic
substrate

Quantum Nano Engineering Lab 9/2/2021

Effect of Chiral Molecules on the Electron § Spin Wavefunction at Interfaces,
@ J. Phys. Chem. Lett., 11, (4), 1550 (2020).
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