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Pauli Blockade in a
Double Quantum Dot
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Ono, Tarucha, et al.
Science 297, 1313 (2002).
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Control and Detection of Singlet-
Triplet Mixing in a Random
Nuclear Field

F. H. L. Knppens.q* J. A. Folk,'* J. M. Elzerman,’ R. Hanson,'
L. H. Willems van Beveren,' L. T. Vink,” H. P. Tranitz,®
W. Wegscheider,” L. P. Kouwenhoven,” L. M. K. Vandersypen'?
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Inhomogeneous Dephasing

the situation in GaAs
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Inhomogeneous dephasing due to hyperfine fields in

GaAs is revealed in single-shot measurements |
" G 0ds

\ G =60dB

215 - 240 MHz

T5(NS)

200

Atten. |
I 1

\

Sapphire
Stripline

¥,

Directional
Coupler

—

?OOPF 100nH

H 5kQ

Bias-Tee

820nH

Monday, June 22, 2009 6



Carbon nanotubes

W e 1), — integer

quantization around
circumference gives
Oor 1.4 eV:-nm/r gap

perturbations induce
small ~10s meV gaps

Monday, June 22, 2009



Controlling Hyperfine Coupling using Nanotube Quantum Dots

® CVD growth with 99% 2CH4 or 99% '3CHj4
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Controlling Hyperfine Coupling using Nanotube Quantum Dots

® Pd contacts

large gap
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Controlling Hyperfine Coupling using Nanotube Quantum Dots

® Pd contacts e NO,; + AILO3ALD

large gap

0.0+ : : p——

-10 0 10
Backgate (V)
2.0+ ]

v =t adn o e ]
1.0+ -

g (€“h)

small gap metallic
0-0_| T 1 T 1 K 1 1 T 1
-10 0 10 10 0 10
Backgate (V) Backgate (\/)

Monday, June 22, 2009



Controlling Hyperfine Coupling using Nanotube Quantum Dots

® Pd contacts o AbOs; + NO,ALD ® Al top gates
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Devices

® CVD growth with

| P ’ 2CH4 or BCH
Double dot Charge sensor ? ?

® Fe catalyst
® Pd contacts
e Al,O3z + NOALD

® Al top gates

| um
Related work J
., Biercuk et al Nano Lett (2005)  Graeber et al. PRB {2006) #CHs Liuand Fan, JACS (2001)
s:
Sapmaz et al, Nano Lett. (2006) Jorgensen et al. Nat. Phys. (2008) NO32: Farmer and Gordon, Nane Lett. (2006)
Single dot charge sensing: Biercuk et al PRB (2006) Williams et af, Science {2007)
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Tunable double dot
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13C spin blockade
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13C spin blockade
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Magnetic field dependence of spin relaxation
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Hysteresis in '3C leakage current
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Charge sensin

double dot charges
‘gate’ sensor dot
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Charge sensin

double dot charges
‘gate’ sensor dot
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SENSOR SIGNAL

2
g(€7h)

0.10
0.09

0.08

|
-0.14 V| (V) -0.08

Double Dot Snsor

H. O.H. Churchill, et al. Phys. Rev. Letc. 102 1066802 (2009).

18

Monday, June 22, 2009



Levels In a single dot
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Levels in a single dot, including spin-orbit coupling

| Aso = 0.17 meV
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Levels in a single dot, including spin-orbit coupling

| Aso = 0.17 meV
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Levels In a single dot, including spin-orbit coupling and
valley mixing
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Levels in a single dot, including spin-orbit coupling,
valley mixing, and misaligned field
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Levels in a single dot, including spin-orbit coupling,
valley mixing, and misaligned field
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Levels In a single dot

single-particle levels addition spectrum

slopes differ
by 2
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H. O. H. Churchill, et al. Phys. Rev. Lett. 102 1066802 (2009).
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one-electron states
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Pauli blockade in carbon nanotube double dot despite spin-orbit coupling
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Charge
sensing

Transport

B-dependence of relaxation
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B-dependence of relaxation rate
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Inhomogeneous Dephasing
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