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INTRODUCTION

Understanding time-dependent electron transport
in mesoscopic systems is a very interesting research
topic, which has drawn a great deal of research
interest. [1-3] Here, we present a novel method to
handle time-dependent transport in low-dimensional
systems by jointly solving the nonequilibrium Green’s
functions (NEGF) in the time-domain and the real-
space in a recursive fashion. In this way, we obtain
electrical current densities in response to time-variant
voltage signals.

METHODOLOGY

Our time-domain recursively solving NEGF approach
is based on the time-domain decomposition (TDD)
technique [4]. This approach does not need to use the
wideband limit approximation for electrodes. Thus
electrodes with an arbitrary-shaped density of state
(DOS) can be handled. According to the electron
lifetime inside the devices, we cutoff the negative
infinity limit in the integral equations of the NEGF. In
the simulations, we utilize a dynamically allocated
data-structure, which enables us to compute current
densities in response to input signals of any time
duration. Another challenge when we calculate the
time-dependent transport characteristics is to handle
an arbitrary-length conductor between the electrodes
in low-dimensional systems. We handle this problem
by combining the real-space recursively solving
NEGF approach with the time-domain recursive
approach. With this recursive algorithm, we can get
numerical solutions by using O(log;N) computation
steps for a system with N principle layers in the
central conductor.

DISCUSSION

We apply this method to explore the transient and
AC transport properties of a 1D quantum-dot array
system, which can be used to emulate switches and
interconnections made of low-dimensional materials.
The electrical current densities in response to various
pulses and sinusoid waveforms are simulated. The
delay and distortion information is obtained, and how
the hopping energy and the length of a quantum-dot
array affect the transport behavior is further discussed.

The electron lifetime is extracted from the decay of
equilibrium Green’s functions Gy'(7) [Fig. 1]. Tt gets
larger when the number of dots increases, due to the

ISBN 3-901578-16-1

243

fact that it is inversely proportional to the probability
of the electron escaping into the electrodes. Fig. 2 and
Fig. 3 show the injection current densities (flow from
the electrode where input signals are applied to the
central conductor) and response current densities
(flow from the central conductor to the other electrode)
driven by the pulse waveform and sinusoid voltage
signals, as the functions of time and the number of the
quantum dots on the array. The injection current
densities are almost the same for various dot numbers.
The delay of response current densities is proportional
to the array-length, which can be explained by the
ballistic transport theory. In Fig. 3, the amplitude of
the response current density of the 10-dot array is
largest among the three response current densities. It
is worth noticing that abrupt negative peaks exist at
the beginning of the calculated injection current
density curves. The amplitude of this transient
overshoot is significantly attenuated as the electrons
pass through the barrier between the conductor and
electrode, so the response current densities at the right
electrode are much smoother compared to the
injection current densities. The influence of the
hopping energy between neighboring quantum dots on
the current densities is shown in Fig. 4. Larger
hopping energy can suppress the peaks of the
injection and response current densities at the barrier
between the electrodes and conductor.

CONCLUSION
A novel method to handle time-dependent
transport in low-dimensional systems has been

proposed and applied to one-dimensional quatum-dot
arrays. Interesting results are presented and discussed.
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Fig. 1. Extraction of the electron lifetime from the
decays of equilibrium Green’s functions Gy/(z). Here,
the numbers of dots on the quantum-dot arrays are 5,
10 and 20, respectively. The hopping energy between
the neighboring dots is set to be one.
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Fig. 2. Injection and response current densities driven
by the pulse waveform, for 1D 5-, 10- and 20-
quantum-dot arrays, respectively. The hopping energy
between the neighboring dots is set to be one.
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Fig. 3. Injection and response current densities driven
by the sinusoid voltage signal V=2sin(xf), for 1D 5-,
10- and 20- quantum-dot arrays, respectively. The
hopping energy between the neighboring dots is set to
be one. A bias voltage of -2V is applied to the system.
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Fig. 4. Input pulse waveform and the corresponding
injection and response current densities for a 1D 5-
dot array. The hopping energies are 0.1, 1 and 3,
respectively.





