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% Bound states and electron localization in quantum point
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undoped AlGaAs

Model of a realistic device based on semiconductor heterostructure
with patterned metallic gates
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The first observation of step-like conduction in GaAs/AlGaAs

structure:
- B. J. van Wees et al., Phys. Rev. Lett. 60, 848 (1988)

- D. A.Wharam et al., J. Phys. C 21, 209 (1988)




Particle in 1D:
Y = exp(ikx)
Kinetic energy:
h%k?

2m
Density of states per spin:

1 (dE\"! m 1
DE)= (=) =5y~
2\ dk 2nh?k +\E

Velocity:
v, = py/m = hk/m ~E

Current at voltage drop V:
E+eV /2

I(E) = j D(E)(ev)T(E)dE = (e?/h)TV,

E—-eV/2
T is the transmission coefficient.
Conductance
G(E)=1/V = (e?/h)T
Conductance

G(E) = (2e?/h)T




Electron gas (quasi 2D)

n~2-10 cm?

Y(x,y) = exp(ikx)p(y)

Particle in multi-1D channel:
Un(x,y) = exp(iknx)dpn(y)
Conductance
G(E) = 2N(e?/h)T or
G(E) = (N, + Ny)(e*/R)T



0.7 structure

V, (V)

0.7 structure (from C.-T. Liang et al., Phys. Rev. B60, 10687, 1999) discovered
by K. J. Thomas et al., Phys. Rev. Lett. 77, 135 (1996).

The first theoretical explanation:
- C.-K.Wang and K.-F. Berggren. Phys. Rev. B57, 4552 (1998);
- K.-F. Berggren and L.I. Yakimenko, Phys. Rev. B66, 085323 (2002).

K. Hirose, Y. Meir, and N.S. Wingreen, Phys. Rev. Lett. 90, 026804 (2003).
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4846 (1998)
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Y.Yoon et al., Phys. Rev. Lett. 99, 136805 (2007).
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K. Hirose, Y. Meir, and N.S. Wingreen, Phys. Rev. Lett. 90, 026804 (2003).
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F. Sfigakis et al., Phys. Rev. Lett. 100, 026807 (2008).
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The first theoretical explanation: C.-K. Wang and K.-F. Berggren.
Phys. Rev. B57,4552 (1998).




hZ 62 02
_ * <6x2 + ay2> (pa(x, y) + [Uc(x' y) + Ue(x'y) + UJ?-C(-X; y)

—gugBole?(x,y) = ES@°(x,y),

where U¢(x,y) = eV, (r,z) + eV, + el is the confinement potential which
consists of gate, donor layer and surface states potentials;

2 , 1 1 , ,
Ué(x,y) = ° [p(") [lr—r’l RN dr' the Hartree potential

4ATTEE
including mirror charges contribution; U2.(x,y) = UZ,(r) + U2 (r) the
exchange-correlation potential.

Exchange potential:
2

UE) = = s P () (0 = £1/2)

Electron density:

po(®) = ) 167 ()12

Eisu
The spin polarization in the system:

P = Pe=1/2) — P(c=-1/2)

l.I. Yakimenko, A.M. Bychkov, and K.-F. Berggren, Phys. Rev. B63, 165309 (2001).
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- A.M. Bychkoy, L.I. Yakimenko, and K.-F. Berggren, Nanotechnology 11, 318 (2000).
- K.-F. Berggren and L.I. Yakimenko, Phys. Rev. B66, 085323 (2002).
- A.A. Starikov, L.I. Yakimenko, and K.-F. Berggren, Phys. Rev. B67, 235319 (2003).
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- K.-F. Berggren, L.I. Yakimenko, J. Phys.: Condens. Matter 20, 164203 (2008).
- L.I. Yakimenko and K.-F. Berggren, J. Supercond. Nov. Magn. 22, 449 (2009).
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R. Crook et al., Science, 312, 1359 (2006).
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Voomr = I{g[tanh(s(x + xo)) — tanh(s(x — xo))]

- L.I. Yakimenko, V. S. Tsykounov, K.-F. Berggren, submitted 2012.
« A. D. Guclu et al. Phys. Rev. B80, 201302(R) (2009).
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- E. Welander, L.I. Yakimenko, K.-F. Berggren, Phys. Rev. B 82, 073307 (2010).
- K.A. Matveev, Phys. Rev. Lett. 92, 106801 (2004).
- A.D. Klironomos et al., Phys. Rev. B 76, 075302 (2007).
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Momentum

H. Lind, L.I. Yakimenko, K.-F. Berggren, Phys. Rev. B, 83, 075308 (2011).




In C region:
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In G region:
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L.W. Smith, et al., Phys. Rev. Lett. 107, 126801 (2011).




«In for implementation of the
spin-filter and all-electric spin-polarizer based on the
effect of spin polarization in quantum point contacts
«In for qubit and

guantum gate implementation using nanomagnetism
in quantum point contacts

eIn for magnetic memory
devices using localized electrons in quantum

point contacts and quantum wires



