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Spin transport at the limit of atomic scale

@ What is the smallest component that can control spin transport?

® Can we identify general concepts that will allow efficient
control over spin transport at the atomic scale?

Motivation

Spintronics: manipulations of electronic spin currents
for electronics and spin transport physics

The most general requirement of spintronics:
high spin polarised current
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Current spin polarisation: PI



Half Metals - Ideal candidate




Goal: molecular scale half metallicity
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Goal: molecular scale half metallicity
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Formation of atomic and molecular junctions by
mechanically controllable break junction
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e.g.: T. Yelin, R. Vardimon, N. Kuritz, R. Korytar, A. Bagrets, F. Evers, L. Kronik and O. Tal Nano Letters 13, 1956 (2013)



Formation of atomic and molecular junctions by
mechanically controllable break junction
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Conductance (2e2/h)

Conductance (G;®)
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Characterization of metal — molecule — metal junction
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Inelastic spectroscopy: vibrational modes
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Types of noise

Noise = Thermal noise + 1/f noise + shot noise

parameter Fano factor

Hoqge
(4kgTR) q<yHAVZ/fOL 2e<I>F/

300k 14.6 nV/VHz 10-30 nV/VHz 7.3nV/VHZz

5K 1.9nV/VHz 1-10 nV/VHz 7.3nV/VHz

R=12.9kQ, =1 pA, A=10um x 10um, f =1 Hz, yy= 1072

~1/fa
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Ballistic Transport

Diffusive
N [ « L -
G/M/
/ ) L =\

l«—| Mean Free Path

Ballistic
\ l > L /
//
-
/ ) L =\
[

Ny
Y

14



Conduction Channels

N Transverse Modes N channels
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Landauer Formula
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Electronic shot noise in point contact

Current

Time

noisy

no shot noise

R. Vardiman et al, Phys. Rev. B. 88 161404 (R) (2013).



Shot noise measurement and extraction of Fano factor

R. Vardiman et al, Phys. Rev. B. 88 161404 (R)
(2013).

M. Kumar et al., Phys. Rev. Lett. 108, 146602
(2012).



Probing spin polarized conduction by shot noise
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Probing spin polarized conduction by shot noise

For one single spin channel
F=1- Tq
Linear

Shot noise (2el)
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Spin polarization through Shot noise

Quantum point contact — Mesoscopic Physics
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Vardimon, R et al., Nano Lett. 15, 3894-3898 (2015)
STM : Co, Fe

Suppression of Shot Noise near 0.7
anomaly — Spin origin

L. DiCarlo et al., PRL 97, 036810 (2006) A. Burtzlaff et al., Phys. Rev. Lett. 114, 016602 (2015)



Diamagnetic electrodes and a magnetic molecule
(S=3/2)

Silver-Ferrocene-Silver
(5=0)

No Spin
filtering



Diamagnetic electrodes and a magnetic molecule
(S=3/2)

Silver-Ferrocene-Silver Silver-Vanadocene-Silver
(S=0) (S=3/2)

No Spin Spin filtering

filtering >90%,



Stretching dependence of spin polarization
Ag-vanadocene-Ag molecular junctions

@ One dominant spin conduction channel
@ >90% spin polarized current

@ Spin transmission probability close to 1

~ballistic spin conductance



Early stage of Formation of molecular
junction

A.N. Pal et al., B) Nano 9 (1), 1471-1477 (2018)



Orientation of molecule inside the junction

Silver-Vanadocene-Silver
Perpendicular

N~

parallel

Calculations:
A. Smogunov and D. Li, Université Paris-Saclay, France
L. Kronik and S. Sarkar, Weizmann Institute



Low and High Conducting states
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Origin of close to 100% Spin filtering: Spin Polarized DFT

Quantum Interference ‘
through Spin Polarized
Channels

Calculations:
A. Smogunov and D. Li, Université Paris-Saclay, France
L. Kronik and S. Sarkar, Weizmann Institute



Quantum Interference: Charge transport

Destructive quantum
interference



Non monotonic stretching dependence




Conclusions

(" Ag-Vanadocene-Ag junction
Conductance ~ 1e?/h

Suppression of Shot Noise

® Spin filtering ~ 100%, Ballistic Spin channel

@ Spin dependent quantum interference
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Current Research

e 2D materials: Graphene, MOS,, WSe,,
Carbon Nanotube and nanowires.

e Low temperature Physics

e Topological Insulator

e Charge and spin transport

e Molecular electronics

e Noise Measurements

e (Quantum Hall effect

e Bio electronics

Graphene

Monolayer graphene

Example of a Graphene
Field Effect Transistor

Graphene/MoS,



Biswajit Pabi Room temperature MCBJ set
up at SNBNCBS
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Conductance (GO)

Atomic Gold junction
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Gold-4,4 BiPyridine junction

Breaking and
making
process?

Biswajit Pabi & ANP (in preparation)
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