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low-T quantum transport

 we are users of CNTs




Carbon Nanotube Devices
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for fundamental transport studies, CNTs are e.g. good for:
» strong interaction = LL-type behavior

» additional degeneracies = unconventional Kondo physics
» very small spin-orbit int. =» expect large spin coherence times

* Local gate control of electronic
transport in nanotubes _ _ ’

* Probing and controlling spin qubit
quantum effects including spin
degree of freedom
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Carbon Nanotube Devices

d =400 nm 25 nm Pd
w =200 nm 30nmTi
SWNT 10 nm Si02

40 nm Pd W

Si highly doped = Back-gate

see: cond-mat/0603367 and cond-mat/0605220
Mason et al. Science 303 (2004)

Carbon Nanotube Devices
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Carbon Nanotube Hybrid Dots

Tc=0.71K

Kondo effect & Superconductivity
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Using carbon nanotubes -
novel quantum effects that (only)
appear in low-dimensional

hybrid devices - can be studied -

many of which can not
be studied in ,conventional”

guantum dots




B |
t‘j}r’r Gated (gate tunable) 'f-;]
r Mae’roresus’ran 2 N
in Carbon Nanotubes 5

Matthias Graber, Markus Weiss, Bill Coish, :-_.*_
sangeeta Sahoo, Takis Kontos, Audrey Cottet, Wolfgar
Christoph Bruder and Christian Schonenberge

NTO6, Nagano, 18-23 June 2006

Multi-Wall Carbon Nanotubes
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an actual device (MWNT)

Spin valve geometry

0 Transparent contacts using a new contacting scheme with Pd, ;Nij ;

O Shape anisotropy to control switching of magnetizations.

Spin signal for a CNT-device
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“ Hysteresis ~ 5-10 %
“ Sharp switching for ~ 100mT
¢ TMR ~ 2P2 with P~0.2
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Gate dependence of TMR
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speculation

Q Oscillations of TMR between +3% and approx. +1% ?
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Introduction: Spin Valve Effect
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. It 1 Spin signal
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assume spin and energy independent transmission = Julliére’s model
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Previous work

Co contacts =
K. Tsukagoshi et al., Nature, 401, 572 (1999) B. Zhao et al., J. Appl. Phys. , 91, 7026 (2002)
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Q Positive TMR ~5% O Negative TMR ~ -30%
O No gate ! O No gate !

m=eessmselp- Normal as well as anomalous TMR...?




Spin Injection in NTs

Spin valve geometry
with gate shows ...

depends on gate voltage

di/dV (e?/h)

also depends on bias voltage

and temperature

V¢p (MV)
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.. that the magnetoresistance

TMR (%)

S. Sahoo, T. Kontos, J. Furer, C. Hoffmann, M. Graber, A. Cottet and CS, Nature Physics 1, 99 (2005)
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Assumes spin and energy independent transmission !




quantum interference and charging

W. Liang et al., Nature 411, p 665 (2001)

12.

o

(L z2) ARJIP

o

3

w

(4 z3) ARYIP

i)
©

140 145 150 155 160 165
Vg (V)

0
Vg(V)
Fabry-Perot in SWNTs Quantum dot in MWNTs

E=hv/2L — 1.67 meV/um

sl Energy dependent transmission in NTs...

Nanotubes as quantum dots

;l 5
=B = |

standing waves 5EJ'
(particle in a box) !
discrete spectrum
level-spacing 8E

coupling strength C
lifetime broadening T’

Coulomb interaction
single-electron charging energy U




Nanotubes as quantum dots
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s> Energy dependent transmission in NTs...

TMR and quantum interference £
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=y SpiNFET behavior because E, controlled by gate.

S. Sahoo, T. Kontos, J. Furer, C. Hoffmann, M. Gréber, A. Cottet and CS, Nature Physics 1, 99 (2005)
See also E.Y. Tsymbal et al. PRL 90, 186602 (2003) in Ni/NiO/Co nanojunctions




RT yields a symmetric TMR
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I'=1 and P=0.2, one resonance

asymmetry
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Linear conductance of SWNT device
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Comparison G and TMR vs Gate

S. Sahoo, T. Kontos, J. Furer, C. Hoffmann M. Graber, A. Cottet and C.S., Nature Phys., 2, 99 (2005)
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Comparison G and TMR vs Gate
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Problems...?

=
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have we really measured spin signal in transport ?

stray-field effects ?

magneto-Coulomb effect (through Zeeman effect)
magnetostrictive effects very locally on the contacts
how large is the ,true” spin polarization in the current
how large is the ,spin accumulation® in the CNT dot?
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Background and MR
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Morpurgo et al.

H.T. Man, 1.J.W. Wever, and A.F. Morpurgo, condmat 0512505
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Gated spin transport through an individual single wall carbon nanotube
B. Nagabhirava, T. Bansal, G. U. Sumanasekera, and B. W. Alphenaar®
Department aof Electrical and Computer Engineering and Department of Physics, University of Louisville,
Louisville, Kentucky 40292
L. Liu
Department of Physics, McGill University, Montreal, Quebec H3A 2T8, Canada
(Received 19 October 20035; accepted 21 November 2005; published online 10 January 2006)
Hysteretic switching in the magnetoresistance of short-channel, ferromagnetically contacted
individual single wall carbon nanotubes is observed, providing strong evidence for nanotube spin
transport. By varying the voltage on a capacitively coupled gate. the magnetoresistance can be
reproducibly modified between +10% and —15%. The results are explained in terms of wave vector
matching of the spin polarized electron states at the ferromagnetic / nanotube interfaces. © 2006 ..
American Institute of Physics. [DOI: 10.1063/1.2164367] some non-trivial gate-effect,
but not (yet) periodic
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Spin injection in carbon nanotubes TMR ~10% (SWNTSs)

Spin FET-like behavior in spin valves with nanotubes due to quantum dot behavior

=Py |mportance of spin dependent quantum interference

How much spin injection ?
Can one make effective spin FETs ?
Direct control of spin possible ?

Effect of e-e interactions ?
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