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Outline
¢ Double quantum dot

¢ Spin blockade 1n two-electron double quantum dot

< Electron spin-nuclear spin interaction in spin-blocked double dot
¢ NMR response of leakage current in spin blockade regime

¢ Summary



Transport measurements

Coulomb blockade,
Single electron tunneling

{ Electron Charge in QD }

+ Paul1 exclusion,
Z.eeman effect

{ Electron Spin in QD }

+ Hyperfine interaction,
Overhouser effect

{ Nuclear Spin in QD J <:: NMR rf radiation




Quantum Dots
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Vertical Quantum Dot

Mesa diameter 0.5-0.6(um
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Fock-Darwin States:
A two-dimensional harmonic oscillator in magnetic field
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Vertical double quantum dot 3_step sequential turmeling

via two circular disk
shaped quantum dot

One gate electrode couples
— to two dots




Inter-dot energy offset

-
Small mesa diameter leads to

reduced electron density in
one reservoir, which cause

energy offset between dots
even for V=0
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Asymmetric double quantum dot

One electron 1s trapped 1in Dot2
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Spin blockade (V' ¢>0) :| B i:
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Current rectification in double dot
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Coulomb diamonds and spin blockade

Current 1s suppressed 1f
O (NlaNZ):(lal)%(Oaz)
is not arrowed.




Effect of higher orbital state in magnetic field
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Magnetic field dependence leakage current
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Time-dependent oscillation of leakage current
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Periodic current oscillation are observed at B = 0.7-0.85T.
Both of the oscillation period & amplitude increase with B.
Maximum period = 0.85T, holds = 15hr.



Transient behavior of current oscillation

Spin blockade region

with oscillating leakage current
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Current oscillation in NMR rf field

rf coil
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¢ NMR vs.Magnetic field for 7'Ga

O NMR for °Ga
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Nuclear spin field By and current oscillation
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Growth and decay of nuclear spin field By

Current (pA)
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Hypertine interaction in QD
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Charge & spin electronic states of N=2 double dot (1)
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Charge & spin electronic states of N=2 double dot (2)
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“Spin-blockade orientation” of nuclear spins in QD at B,
S,=1 triplet
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Summary

¢ In weakly coupled double quantum dot we have observed current
rectification due to Pauli exclusion.

© Small (~1pA) leakage current in the spin-blocked quantum dot shows
time-dependent current oscillation.

Dynamic nuclear spin polarization by hyperfine mediated spin ﬂipl

@ Why it oscillate?
@ Why >As NMR is not observed?
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