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Abstract. We have found strong deviations from Poissonian behavior in the low-temperature
noise characteristics of triple-barrier and superlattice heterostructures. Although our results can
be explained qualitatively by existing models, a quantitative comparison between experiment
and theory suggests an incomplete understanding of shot noise in multi-barrier systems.
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INTRODUCTION

Until recently our knowledge of electronic tunneling in semiconductor
heterostructures has been derived primarily from electrical conductance
measurements, but lately the attention has shifted to the measurement of the
electrical noise, which can provide additional information about the transport
mechanism, especially correlation effects. Thus, when electrons tunnel through a
biased single potential barrier between two metallic electrodes (such as in an
undoped GaAlAs thin layer between two heavily doped GaAs thick regions), the
motion of electrons is uncorrelated and the spectral density of the shot noise, SI(ω),
is 2eI, where I, is the tunnel current. In contrast, in double-barrier heterostructures
SI(ω) can differ significantly from the Poissonian value, 2eI, because of correlation
effects in the transport process: when the correlation is negative noise is reduced
while when the correlation is positive the noise is enhanced over 2eI [1-3].

In this work we have extended the study of noise to multi-barrier
heterostructures, namely, triple-barrier and superlattice structures [4]. We have
found experimentally strong deviations from Poissonian behavior, which can be
explained qualitatively by existing models. However, a quantitative comparison
between experiment and theory suggests an incomplete understanding of shot
noise in multi-barrier systems.
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enhancement [3], which does not appear in Fig. 2. The reason for this difference
between the two cases is not clear, but it may have to do with the charge
accumulated in both quantum wells, which depends on the specific quantum states
involved in the various current peaks.

The behavior of current noise in superlattices also departs significantly from
what a simple multi-quantum-well model predicts [6], as shown by our study of
the shot noise in the photocurrent flowing through GaAs-GaAlAs superlattices
embedded in the intrinsic regions of p-i-n diodes (Fig. 3). We have found
experimentally that the noise can be drastically reduced in comparison with the
Poissonian value, as shown in Fig. 4, where the measured photocurrent, multiplied
by 2e, of a 40 Å-15 Å superlattice is compared with the experimental shot noise.
For small electric fields (of the order of 20 kV/cm), the shot noise is about 1/3 of
2eI, but at a moderate field of about 60 kV/cm (transition field) the current noise
abruptly becomes Poissonian or equal to 2eI.

This result is independent of the exciting photon’s energy, for a given
superlattice configuration. The minimum shot noise value, however, depends on
the superlattice period (or, consequently, on the interwell coupling). The general
trend is for the minimum shot noise to be larger, the larger the period; the
transition field depends weakly on the period. For a period of around 100 Å the
shot noise is essentially Poissonian, from the low- to the high-field region.

Although the existing multi-barrier model developed for metals explains our
results qualitatively [6], it cannot account for either the dependence of noise
reduction on superlattice coupling at small fields or the abruptness of the field-
induced transition from sub-Poissonian to Poissonian noise that we have observed.
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