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We present the results on the a.c. transport of electrons moving through a two-dimensional
(2D) semiconductor quantum point contact (QPC). We concentrate our attention on the
characteristic properties of the high frequency admittance (w = 0 — 50GHz), and on the

oscillations of the admittance in the vicinity of the separatrix (when a channel opens or

closes), in presence of the relaxation effects. The experimental verification of such oscil-
lations in the admittance would be a strong confirmation of the semi-classical approach
to the a.c. transport in a QPC, in the separatrix region.

The geometry of the QPC, and the classical electron trajectories (a phase space) are
shown in Figures 1 and 2. In [1], using a novel variant of the Wigner distribution function
formalism, we showed that for low-frequency external a.c. fields, the admittance of a QPC
consists of the d.c. conductance (the real part of the admittance) and an “emittance”
(the imaginary part of the admittance), which includes both inductive [1] and capacitive
[1,2] contributions resulting from quantum transport effects. The emittance is sensitive
to the geometry of the QPC and can be controlled by the gate voltage. We demonstrated
in [1] that there exist step-wise oscillations in the (quantum) inductance, which are de-
termined by.the harmonic mean of the velocities of the “open channels” (electron modes
that propagate through the QPC). The (quantum) capacitance is a mesoscopic mani-
festation of the “closed channels” (electron modes that are reflected by the QPC). The
existence of well-defined conductance, capacitance, and inductance implies that (at low
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frequencies) 2 QPC can be considered to be an elementary circuit of the extremely small
size, ~ 0.1 — lym. In [3,4], we extended our analysis to higher frequencies by solving
the self-consistent integral equations for the-spatial distribution of the electric potential
and the electron current within the QPC and obtained the frequency dependence of the
admittance for the QPC. We solved these equations numerically for a wide frequency
region (w = 0 — 50 GHz) and for different QPC parameters (width, number of open and
closed channels, etc.). We found that there exists a characteristic value of the frequency
where a crossover behavior of the admittance takes place between a low-frequency regime.
in which the effective circuit theory can be applied [1] and a high-frequency regime. in
which strongly nonlinear effects as a function a frequency arise {3,4]. For standard QPC
dimensions and parameters, this crossover frequency is w = w, ~ 10 GHz.
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Figure 1. The geometry of the QPC. The Figure 2. The classical trajectories. The

width, 2d(z) = 2d(0) exp(L2z?/L?). The heavy lines are the separtrices that sepa-

effective length is 2. rate the open channels (regions 1 and 2)
and closed channels (regions 3 and 4).

Further, our solution shows that in the vicinity of the “opening points” (parameter
values at which new “open channels” appear or disappear), the admittance exhibits char-
acteristic oscillations as a function of the parameter ¢ = krd(0)/7 (where kfr is a Fermi
wave vector, and 2d(0) is the width of a QPC), and on the frequency, w, of the a.c. field.
In the frames of our semiclassical approach, these oscillations arise from the effects of
classical trajectories close to the separatrix shown in Figure 2 (quantum tunneling effects
are not included). Namely, in the vicinity of the separatrix, the characteristic time-scale,
7, of the quasiclassical dynamics of electrons slows down (7 — o), and the dimensionless
phase factor, exp[i7(g)w] which gives a contribution to the oscillations of the admittance,
becomes very sensitive to small variations of the system’s parameters, such as ¢ and w.
In Figures 3 and 4 (curves 1), the oscillations of the real and the imaginary parts of
admittance, ¥ = Y’ 4 ¢Y"” (normalized by 2¢%/h) are shown as a function of a real part
of a dimensionless frequency f' (8 = f' + 8" = (w + tv)L/vr). The value f' = 1 cor-
responds to w = 26 x 10%~!. The imaginary part of the frequency, 8", describes the

GG AT Ly NI e




AT <3 o Ly AL ZTEMIRY LS DN g, e Sy N S Loy 23
O~ R iy AP RO W IS AP SRR SV S AP IR IR S SR 2

momentum relaxation effects. The following parameters were chosen: L = L = 10~3cm.
d(0) = 2.05 x 107%m, ¢ = 13, vr = 2.6 x 107cm/s, kr = 1.5 x 106cm™. v = 10%"!
(8" = 0.043). The parameter ¢ = 1.96 is close to an integer, no = 2. Figures 3 and 4
show also the contribution to the admittance from the open channels (in our case N =1,
curve 2), closed channels (N = 4, curve 3), and from (N+1 = 2) closed channel (curve 4).

1.0

08

s

s}

02

r 00

a2z}

04

08

<s|

=10

%0 02 0.4 08 08 19

g

Figure 3. Oscillations of the real part of Figure 4. Oscillations of the imagenary
the admittance on the dimensionless fre- part of the admittance on the dimension-
quency. less frequency.

Note, that the quantum tunneling effects have not been taken into consideration.
That is why, the experimental verification of the described above oscillations in the ad-
mittance would be a strong confirmation of applicability of the semi-classical approach to
the a.c. transport in a QPC, in the vicinity of the separatrix.
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