Modern Physics BRAR4HE, 2013, 3, 32-37 Hans X3l
http://dx.doi.org/10.12677/mp.2013.31006  Published Online February 2013 (http://www.hanspub.org/journal/mp.html)

Optimal Driving Parameter s of Adiabatic Quantum Pumping’

Keju Zhong', Rui Zhu, Yunchang Xiao? Weiyin Deng', Wenji Deng®

'Department of Physics, South China University of Technology, Guangzhou
?Laboratory of Quantum Information Technology, South China Normal University, Guangzhou
Email: “phwjdeng@scut.edu.cn

Received: Nov. 29", 2012; revised: Dec. 22", 2012; accepted: Jan. 2™, 2013

Abstract: The quantum pump phenomenon is that a dc current can be generated at zero bias in the transport device
through regulation of system parameters that change periodically with time. According to the adiabatic quantum pump
theory, the quantum pumping process of dc current or pump power can be got by using the area integral of the scattering
matrix derivatives to the control parameters in the parameter space. In the present work, the quantum pump through a
one-dimensional system with time-dependent double-d-barrier potentials is considered. By introducing the Berry cur-
vature function, we calculated the influence of the different system parameters to the pump current. Taking two linear
and harmonic drivers as two examples, we achieved the parameter variation pattern to generate maximum pump current.
In addition, our theoretical approach not only can analysis one-photon and multi-photon absorption and emission proc-
esses within one framework, but also can be completely inclusion the higher order harmonics terms of pumped current
as a function of the driving phase difference in double barrier, i.e. the anharmonic effects of quantum pump, are totally
included in the parameter space integral.
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Figure 1. Schematics of the double barrier quantum tunneling
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Figure 2. The contour map of berry curvature function asa func-
tion of parameter u, and u,
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Table 1. Thedriving parameter variation pattern and pump current of regular curve
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Figure 3. Pump current asa function of two parameterscyclic
changein parameter space around the same area and different
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