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A comparison between binary spin readout and ternary spin readout. Credit:
Osaka University

Quantum dots are very small particles that exhibit luminescence and
electronic properties different from those of their bulk materials. As a
result, they are attractive for use in solar cells, optoelectronics, and
quantum computing. Quantum computing involves applying a small
voltage to quantum dots to regulate their electron spin state, thus
encoding information. While traditional computing is based on a binary
information system, electron spin states in quantum dots can display
further degrees of freedom because of the possibility of superposition of
both states at the same time. This feature could increase the density of
encoded information.
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Readout of the electron spin of quantum dots is necessary to realize
quantum computing. Single-shot spin readout has been used to detect
spin-dependent single-electron tunneling events in real time. The
performance of quantum computing could be improved considerably by
single-shot readout of multiple spin states.

A Japanese research collaboration based at Osaka University has now
achieved the first successful detection of multiple spin states through
single-shot readout of three two-electron spin states of a single quantum
dot. They reported their findings in Physical Review Letters.

To read out multiple spin states simultaneously, the researchers used a
quantum point contact charge sensor positioned near a gallium arsenide
quantum dot. The change in current of the charge sensor depended on
the spin state of the quantum dot and was used to distinguish between
singlet and two types of triplet spin states.

"We obtained single-shot ternary readout of two-electron spin states
using edge-state spin filtering and the orbital effect," study first author
Haruki Kiyama says.
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A scanning electron microscope image of the quantum dot used in this research.
We formed the quantum dot by applying voltage to surface gate electrodes.
Electron spin states can be read out by measuring the electric current flowing
nearby the dot (white arrow). Credit: Osaka University

That is, the rate of tunneling between the quantum dot and electron
reservoir depended on both the spin state of the electrons and the
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interaction between electron spin and the orbitals of the quantum dot.
The team identified one ground state and two excited states in the
quantum dot using their setup.

The researchers then used their ternary readout setup to investigate the
spin relaxation behavior of the three detected spin states.

"To confirm the validity of our readout system, we measured the spin
relaxation of two of the states," Kiyama explains. "Measurement of the
dynamics between the spin states in a quantum dot is an important
application of the ternary spin readout setup."

  
 

  

The results of binary spin readout using previous and new schemes, and that of
ternary spin readout by combining these two binary-readout schemes. Credit:
Osaka University
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The spin relaxation times for the quantum dot measured using the
ternary readout system agreed with those reported, providing evidence
that the system yielded reliable measurements.

This ternary readout system can be extended to quantum dots composed
of other materials, revealing a new approach to examine the spin
dynamics of quantum dots and representing an advance in quantum
information processing.

  More information: H. Kiyama et al, Single-Shot Ternary Readout of
Two-Electron Spin States in a Quantum Dot Using Spin Filtering by
Quantum Hall Edge States, Physical Review Letters (2016). DOI:
10.1103/PhysRevLett.117.236802
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