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Abstract

Coherent electron transport through a system driven by a time-varying potential is theoretically studied by
employing a transfer-matrix method which enables us to investigate not only dc but also ac transport of dynamical
mesoscopic systems. It has been found that ac currents in a driven double-barrier system become minimum at
certain values o of the strength of the time-varying potential, as in the case of the sideband quenching of dc
transport. The nature of the ac quenching is, however, different from the dc one.
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In a system driven by a time-varying potential
with frequency w, an electron wavefunction possesses
sideband components with energies E + nhw(n =
0,+1,4+2---), where E is the incident electron energy.
It is well known that the spectral weight of the nth
sideband component is proportional to |J,(Vac/hw)|?
if the time-varying potential has a homogeneous spa-
tial profile, where J,, is the nth-order Bessel function.
Thus, the spectral weight vanishes at zeros of the
Bessel function. This is called the “sideband quench-
ing” phenomenon[1,2]. While most of previous works
on the sideband quenching have been focused on dc
transport, the sideband quenching exerts an influence
on the ac current induced by the time-varying po-
tential. It is quite interesting to study the quenching
behavior of ac currents in actual experiments with
both static and time-varying potentials having inho-
mogeneous profiles.

In this paper, we investigate the quenching effect
of ac transport through a driven double-barrier sys-
tem. In order to analyze transport properties of driven
mesoscopic systems, we employed a transfer-matrix
method which enables us to compute transmission co-
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efficients of a dynamical mesoscopic system with ar-
bitrary potential profiles. Our results show that addi-
tional quenching points appear in the ac current in con-
trast to the dc quenching. This is because ac currents
are a consequence of quantum interference between dif-
ferent sideband states.

We consider, for simplicity, a one-dimensional meso-
scopic system with a static potential Vi (z) and a har-
monically oscillating potential Vac(x) coswt. An elec-
tron in the system can be described by the Schrodinger
equation,

e R 92 )
zha = "5 9a2 + Ve (%) + Vac (z) coswi | . (1)

In the transfer-matrix method, the system is divided
into N segments. The width of these segments Az is
so small that the potentials Vic(z) and Vic(z) can be
regarded as constants in each segment. The wavefunc-
tion ¢! in the Ith segment is given by

oo

W= Z (Aileik;x I B;e—ik;x)

n—=—oo
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Fig. 1. dc and ac currents as a function of the strength of the
time-varying potential.
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where k!, = \/2m*(E — V}_ + nhw)/h, and VJ, and
V!, are representative values of Vic(z) and Vac(z) in
the [th segment, respectively. Suffixes m and n denote
sideband indices. From matching conditions between
adjacent segments, one can construct the transfer ma-
trix and calculate the transmitted wavefunction. If we
write the transmitted wave as

)
7/)’1‘ — Z Crneiknace—i(E+nﬁw)t/h7 (3)

n—=—oo

the coefficient C, includes Jm (V. /hw) (m = 0,%1,. . ;
I = 1,2,...) in a complex manner for an inhomo-
geneous potential profile. Therefore, the sideband
quenching is not so simple in contrast to the homoge-
neous one.

Figure 1 shows the dc and ac currents as a function
of the strength of a time-varying potential. The static
and time-varying potentials are given by

Vae (x) = Vie [e—(x—:cda?/sﬁc ye /e (g
and

242
Vac () = Vace™ ™ /§ac7 (5)

where Vic = 20meV, x4 = 50 nm, &g = 50 nm, and
€ac = 7T0nm. We fix the frequency of the time-varying
potential as hw = 1.0meV. The incident electron en-
ergy is chosen to be ' = g9 — hw, where ¢¢ is a resonant
energy of the double-barrier potential (9 = 19.3 meV).
The dc current becomes minimum at Vi /fiw ~ 3.8.
This value is close to the first zero of Ji(x). This means
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Fig. 2. dc conductances through the main and sideband reso-
nant levels as a function of the strength of the time-varying
potential. The incident energy is fixed to be g9 — hw.

that the coefficient Cp in Eq. (3) is dominated by a sin-
gle Bessel function Ji (V% /hiw) even for inhomogeneous
potential profiles, where V. is an effective strength
of the time-varying potential. For the system treated
here, V., is nearly equal to Vic. Another minimum at
Vac/hw =~ 2.4 can be found in the ac current shown in
Fig. 1. This may correspond to the first zero of Jy(x).
The reason of this additional quenching is that the ac
current is a consequence of quantum interference be-
tween the Oth and first sideband states. In order to con-
firm this interpretation, we calculated dc conductances
Go and G through the main and sideband resonant
levels, respectively. Results shown in Fig. 2 give a clear
evidence that Gp and G; take their minimum values at
Vac/hiw = 2.4 and 3.8, respectively. The ac quenching
phenomenon predicted here can be efficiently observed
in a driven mesoscopic ring.
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