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Reading information from the
smallest magnetic objects
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A silicon-based nuclear spin
quantum computer

B. E. Kane

Semiconductor Nanofabrication Facility, School of Physics, University of New South Wales, Sydney 2052, Au
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Advantages:

* Highisolated qubits

* Long coherence/relaxation times (~10 ms)
* Scalable systems
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* MRFM
* OD-MR

NV centers in diamond
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Transport- based EDMR (Electrically Detected Magnetic Resonance)
detection (spin-to-charge conversion)
* EDMR

(demostrated single spin detecltis)n)
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INL SINGLE DOPANT Si NANOTRANSISTORS

Electron Layer

G. P. Lansbergen et al., Nano (2010). K.Yen Tan et al., Nano (2009).
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Coulomb blockade regime (Weak coupling regime)
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THEORETICAL TREATMENT

Total Hamiltonian

Hr = Hspin+Vy ¥ no+Hg+Hp+V

Free electron reservoirs
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Tunneling Hamiltonian (Perturbation)
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Sequential transport
* Charge fluctuations: Qg =0, 1 e

* Current
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(Steady state condition)
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Cotunneling transport
* Negligible charge fluctuations

Vejp=J5S+W
* Current
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Spectral information
(hyperfine interaction)
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CONCLUSIONS

* Si:Bi nanotransistors are good candidates to probe

nuclear spins due to the large hyperfine coupling in Bi
(A>>kgT)

* Hyperfine structure can be probed in the sequential or
in the cotunneling regime

* Single nuclear spins can be probed by IETS.
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