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In ballistic transport of 2-dimensional electron systems (2DES), when magnetic scatterers

are introduced, the exchange energy removes the spin degeneracy. Hence, up spin and

down spin electrons contribute to conductance differently. Then, various new aspects

are expected. In this paper the boundary element method is extended so that 2DES

including some arbitrary-shaped magnetic moments of finite strength can be dealt with.

As examples, the extended method is applied to some models. The results enable to

observe visually spin flip due to the magnetic moments. It is certain that the method is

sufficiently effective for the analysis of such the systems, and some interesting results are

obtained. Using the method the analysis of a spin filter making use of magnetic moments

is expected.
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Fig. 1

magnetic moment.

A rugged quantum dot model with arbitrary-shaped
Two waveguides are connected to the
right and left. An electron wave having unit amplitude with
« mode and up or down spin enters from the left hand side

of the left waveguide.
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Fig.2 A quantum wire model with arbitrary-shaped mag-

netic moment.
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Fig.3 Transmission and reflection spectra for quantum wire
(0,10,0).

Schematic pictures on upper left of

model with magnetic moment, M = k is dimen-
sionless wavenumber,
spectra indicate the models calculated respectively. R; and
T} are the reflection and transmission probabilities for up

spin. R, and T are for down spin.
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Fig.4  The density plots of |3(r)|? for three scatterers mod-

els, £ =5 and M = (0,10,0). Left figures are for up spin,

and right figures are for down spin.
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Fig.5 The density plots of |1(r)|? for three scatterers mod-

els, k =10 and M = (0,10,0). Left figures are for up spin,

and right figures are for down spin.
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Fig.6 Transmission and reflection spectra for quantum wire

model with a potential scatterer, V = 10.
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Fig.7 Transmission and reflection spectra for quantum wire

model with a magnetic scatterer, M = (0, 10,0).
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Fig. 8 A quantum dot model with circular magnetic mo-

ment (above) and a randomly deformed model (below).
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Fig. 9 Transmission and reflection spectra for the model
above in Fig.8, M = (0, 10,0).
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Fig. 10 Transmission and reflection spectra for the model
below in Fig.8, M = (0, 10,0).
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Fig.11 The density plots of |1 (r)|? for the model above in
Fig.8, M = (0,10, 0).Above plots are for k = 5, below plots
are for k = 10.

Fig.12 The density plots of |)(r)|? for the model below in
Fig.8, M = (0,10, 0).Above plots are for k =
are for k& = 10.
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