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Local Gate Control of a Carbon

Nanotube Double Quantum Dot
N. Mason,*{ M. ]. Biercuk,* C. M. Marcust =10
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Gate-Defined Quantum Dots on Carbon
Nanotubes

M. J. Biercuk, S. Garaj, N. Mason, J. M. Chow, and C. M. Marcus*
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Motivation

» Local gate control of
electronic transport in
nanotubes

* Probing and controlling
guantum effects

e Spin in a quantum dot as
guantum bit?

* Long spin dephasing
times in nanotubes?

D. Lossand D. P. DiVincenzo Phys. Rev. A 57, 120-126 (1998)
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Charge Stability Diagram
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add tunnel coupling
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more aata mapping ot molecular states
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Carbon Nanotube Devices

Beélzig et al.
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1. Multi-wall carbon nanotubes as quantum dots
M. R. Buitelaar, A. Bachtold, T. Nussbaumer, M. Igbal and C.S.,
Phys. Rev. Lett. 88, 156801 (2002).

2. A quantum dot in the Kondo regime coupled to superconductors,
M. R. Buitelaar, T. Nussbaumer, and C. Schonenberger,
Phys. Rev. Lett. 89(25):256801 (2002).

3. Multiple Andreev Reflections in a Carbon Nanotube Quantum Dot, o
M. R. Buitelaar, W. Belzig, T. Nussbaumer, B. Babi¢, B. Bruder, and C.Sy’,
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Carbon Nanotube Hybrid Dots

Kondo effect & Superconductivity
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Carbon Nanotube Devices

Carbon Nanotube Devices

Carbon Nanotubes are great
because novel quantum devices
(hybrid devices) can be realized




Motivation for F-CNT-F

Spin dependent transport in nanostructures

¢ Importance of quantum coherence and interference
= Effect of size quantization on spin transport ?
Spin vs Charge in low dimensional conductors

¢ Importance of electron-electron interactions

© Tunability of electronic transport (weak screening).
=P Manipulation of spins for quantum computing.

m=—mep- Realization of spin FETSs.

Multi-Wall Carbon Nanotubes
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assume spin and energy independent transmission =
2 2 2
Gp o< (N2 +N2)
2
Gpp o< [t 2N, N_

G, >G,e because N,”+N_*>2N,N_

it i Spin signal
0 ft
/o " H
Hc2 Hcl

Julliere’s model

o NN
N, +N_
TMR=2%=Cw _spp
p TG




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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me————pp- Normal as well as anomalous TMR...?

Spin Injection in NTs

L@_“. Gate

Spin valve geometry (2 terminal)

Q Injection and detection of spins with
ferromagnetic electrodes.

Q Study as a function of Vg and V.

S. Sahoo, T. Kontos, J. Furer, C. Hoffmann, M. Gréaber, A. Cottet and CS, Nature Physics 1, 99 (2005)

Introduction: Spin Valve Effect
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quantum interference and charging

W. Liang et al., Nature 411, p 665 (2001)
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E=hv /2L — 1.67 meV/ium

=== Energy dependent transmission in NTs...




Nanotubes as quantum dots <Al Nanotubes as quantum dots

standing waves s’
(particle in a box)
discrete spectrum
level-spacing SE

_\27 \ e“' FL Source
coupling strength C
lifetime broadening T’
Coulomb interaction
single-electron charging energy U

s> Energy dependent transmission in NTs...

TMR and quantum interference o, RT yields a symmetric TMR Cunvo;
Spin dependent barrier (X i
Discrete level i N " I'=1 and P=0.2, one resonance
; l" 1" . . Antiparallel
T(E)= - .
(E- E0)2+((F|_ +FR)/2)2§ ? i—k R~ A=asymmelry = I;/T,
T =T (%R) | t
L=TL (P @
"+ =
2
Off-resonance, On resonance with asymmetry, :
- _ 2P, P, 4T, _—-2RPR
T(E) e TxT,,TMR PP, I >>T, =>T(E)= LFR,TMR—ﬁ

==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




Description of spin injection

n :channel index
o :spin

Transmission +FMMP - M(:/I:-\
A 0%

amplitude

Reflexion rFF(MM)= ﬁe i(lﬁjﬁ’\j/

amplitude o

SDIPS

A. Cottet, T. Kontos, W. Belzig, C.S and C. Bruder, Eur. Phys. Lett. 74, 320 (2006)

Ballistic channel with F-leads
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A. Cottet, T. Kontos, W. Belzig, C.S and C. Bruder, Eur. Phys. Lett. 74, 320 (2006)

Bound states are spin-dependent
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an actual device (MWNT)

Spin valve geometry

O Transparent contacts using a new contacting scheme with Pd, ;Nij 5

Q Shape anisotropy to control switching of magnetizations.

Spin signal for a SWNT-device

2500

2400

R(KRQ)

2300 |

¢ Hysteresis ~ 5-10 %
¢ Sharp switching for ~ 100mT
¢ TMR ~ 2P? with P~0.2

Linear conductance
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¢ Resonances in conductance at 1.85K

¢ Peaks always symmetric about maximum

difdV (e2/h)
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Gate dependence of TMR

R(KQ)

1751 L=500nm

Sign and amplitude of TMR gate controlled.




Comparison G and TMR vs Gate <universial", also seen in MWNTs
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S. Sahoo, T. Kontos, J. Furer, C. Hoffmann M. Graber, A. Cottet and C.S., Nature Phys., 2, 99 (2005)

Problems...artefacts...?

H parallel to leads axis H perpendicular to leads axis
. eesf T T T T T T T s15[ T-vesk
1. stray field sool IRy
2. magneto-Coulomb effect s oof sos| T
= g
3. magnetostrictive effects very locally on the contacts § o 5 sop
o s
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1. magnetic stray-field may change R via some Hm TMR=2(R.-RV(R4R HmT)
,background“ MR of CNT (other than spin-valve) | . l =2(Rap"Re)/(Rp*+Ryp) . l
=> have a look at background H ' ' H
Q Hysteresis with TMR ~ +3%
tube tilted !

Q Sharp switching for ~ 100mT

Q Sharper switching for ~ OmT for perpendicular H




Background and MR
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Gated spin transport through an individual single wall carbon nanotube

B. Nagabhirava, T. Bansal, G. U, L and B, W. Alph L

Diepuartment o Electrical and Computer Enginering and Department of Phvsics, University of Lowisville,
Louivville, Kenticky 20202

L. Liu

Diepartment 1 Pirvsics, MGl University, Mortreal, Quebec HIA 278, Canada

(Received 19 October 205; accepted 21 November 2005; published online 10 January 2006)
Hy iching in the istance of short-channel, call 4
individual single wall cabon nanotubes s ohserved, providing strong evidence for nanatibe spin
sransport. By varying the voltage on a capacitively coupled gate, the magnetoresistance can be
reproducibly modified between + 109 and =15% . The results ane explained in terms of wave vector
matching of the spin polarized clectron states at the ferromagnetic / nunctube interfaces. © 2006
American fnstitute of Physics. [DOL: 10106301 2164367]

some non-trivial gate-effect,
but not (yet) periodic

1zt Ni deposition _ —
# *
(@) /// g g f
2nd NI deposition g §
® 5 s

4RIR(%)
ARIR(%)

very short channel

B(mT)

Comment by van Wees et al.

Separating spin and charge transport in single wall carbon

nanotubes

We demonstrate spin injection and detection in single wall carbon nanotubes

using a 4 inal lacal g y. This g v

separates the charge and spin circuits. Hence all spurious magnetoresistance effects
are eliminated and the measured signal is due to spin accumulation only. Combining
our results with a theoretical model, we deduce a spin polarization at the contacts,
ar, of approximately 25 %. We show that the magnetoresistance changes measured
in the conventional two-terminal geometry are dominated by effects not related to

spin accumulation.

* no gate
« all contacts ferro (rather than N-F-F-N)
« contact transparency may be critical

(b)

(e)
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Conclusion

© Spin injection in carbon nanotubes TMR ~10% (SWNTSs)

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

=g |mportance of spin dependent quantum interference

© Can one make effective spin FETs ?
© Direct control of spin possible ?

© Effect of e-e interactions ?
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