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During our investigations of tunneling process in thin 7 nm thick GaAs/AlAs/GaAs vertical single-barrier
tunneling structure with Si é-doping inside the barrier we have observed fluctuations of the tunneling current which
exhibited large Lorentzian noise with intensity depending on biasing voltage. We have shown that Lorentzian
noise originates from multilevel random telegraph noise of the small number of fluctuators which influence the
tunneling process. Time-domain analysis of the current noise measured for temperatures between 4.2 K and 50 K
enabled to determine the thermal activation energies of these fluctuators lying between 0.8 and 3 meV.

PACS: 73.50.1d, 73.40.Gk

1. Introduction

Low-frequency noise measurement in semiconductor
heterostructures is a good alternative tool to investigate
the kinetics of charge carriers being captured by local-
ized states and/or released to delocalized band states.
The generation-recombination noise arises when current
flows through the sample and electron traps (defects/im-
purities), situated inside the heterostructure, can influ-
ence this process. Measuring the low-frequency spectral
density of this noise and/or analysing time-series of 2-
or multilevel random telegraph noise (RTN) at different
temperatures can give information about the energy of
the barrier between the given two states of the fluctua-
tor. It helps in identification of the defect/impurity in a
heterostructure [1, 2]. The present paper is a good exam-
ple of the application of noise measurements for electrical
characterization of heterostructure devices.

2. Samples and measurement technique

We investigated low-frequency tunnel current fluctu-
ations in single-barrier GaAs/AlAs/GaAs heterostruc-
tures with Si d-type doping in the AlAs barrier. The
samples have been grown using MBE technique along
the [100] crystallographic direction. The samples had a
barrier width of 7 nm and an intentional planar concen-
tration of Si impurity 1.5 x 10° cm™2. The impurities
have been placed at a distance of 1 nm from the edge of
the barrier — in one sample close to the substrate (sam-
ple #1), in another — close to the top contact (sam-
ple #2). The surface of mesas equaled 50 x 50 um? and
100 x 100 pm?, respectively.

The current noise has been measured by means of
cross-correlation method with two independent trans-
impedance home-made amplifiers with gain 107 and
10 V/A [3, 4]. Analysis of the current data has been

performed in Matlab®. All presented measurements have
been made inside a liquid helium container and tempera-
ture was changed from 4.2 K to 50 K shifting the sample
above the liquid helium level. We measured the current
noise power spectral density for tunneling currents from
ca. 10 pA to ca. 1 pA. Applying a biasing voltage to the
sample shifts the Fermi energy level in the emitter region
close to the barrier relative to different states inside the
barrier (also impurity and defect states). This results
in the observation of different (localized) electron states
contributing to tunnel current [5, 6].

3. Results and discussion

Usually the I(V) characteristics (especially when dif-
ferentiated) reported for similar single-barrier d-doped
structures exhibit the features related to resonant tun-
neling [7]. However, despite the fact that the barrier is
Si d-doped for both samples, for sample #1 we do not
observe such features at all (Fig. 1). Moreover, in this
sample the current density is much higher than in an-
other one, doped close to the top contact (Fig. 1). This
asymmetry is probably related to the interdiffusion of
Si-donors during the growth process which smears the
distribution of donors into the whole AlAs barrier in sam-
ple #1.

Figure 2 shows that not only the current but also the
noise is much higher in sample #1. This noise is not the
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Fig. 1. The I(V) characteristics of both measured
samples. Arrows indicate the growth direction. Posi-
tive bias voltage means plus of voltage source applied
to the top contact of the mesa.
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Random telegraph noise for sample #1 at bias

voltage U = —0.16 V: (a) as measured, (b) cleaned RTN
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Fig. 2. Power spectral density of current fluctuations
for two measured samples. Two horizontal lines indicate
the full Schottky shot noise for currents flowing through
the samples at a given bias U = —0.16 V. For sample #2
the measured noise is equal to 2el — the full Schottky
shot noise.

shot noise like in the case of sample #2 but exceeds its
value by more than four orders of magnitude. This noise
spectrum has a Lorentzian character with 1/f2 high-
-frequency roll-off (the observed decrease of noise spectral
density above 200 Hz and 2 kHz for sample #2 and sam-
ple #1, respectively, is due to high-frequency cut-off of
transimpedance amplifier for 10% and 107 V /A gains). As
it is clear from the current-signal in time-domain shown
for sample #1 in Fig. 3a, this Lorentzian originates from
RTN. The analysis of the RTN presented in Fig. 3b en-
ables to calculate average times spent by a fluctuator in
upper and lower states (Typ and Tgown) [8, 9]. Residual
signal obtained after subtraction of traces (a) and (b)
demonstrates that there are more than one fluctuator re-
sponsible for the observed signal (Fig. 3c).

Figure 4 presents the Arrhenius plot of average times
spent by a fluctuator in upper and lower states (7, and
Tdown) as determined from clean RTN signal from Fig. 3b.
It enables to calculate the thermal activation energy of
the fluctuator to be £ = 2.3 meV. This energy is very

signal after computer analysis [8, 9], (c) residual signal
after subtraction (a)—(b).
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Fig. 4. Arrhenius plot of average times spent by a fluc-
tuator in upper and lower states (Tup and Tdown) as cal-
culated from clean RTN signal in Fig. 3b.

small in comparison with other observations basing on
noise measurements in similar materials [10-14]. It is
too small to be just related to Si shallow donor states
either in GaAs or in AlAs. However, the Coulomb po-
tentials generated by remote ionized Si-donors placed in
AlAs barrier create the local spatial potential fluctua-
tions in GaAs emitter region which can probably tem-
porarily localize electrons thus influencing the current
flowing through the device. This could be possible mech-
anism of the observed RTN with so small activation en-
ergies. It should be stressed that random telegraph noise
is clearly seen only for certain ranges of bias voltages
and changing the bias causes the evolution of Lorentzian
noise spectra and reveals different fluctuators which are
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observed as 2-, 3- or multilevel RTN and have thermal
activation energes in the range 0.8-3 meV. It is in favor of
above suggested interpretation since it could be related
with the energetic structure of the potential fluctuations
which trap the carriers.

4. Conclusions

Both investigated samples with Si §-doping close to the
edges of the barrier have similar shape of I(V) charac-
teristics. However, probably due to the diffusion of Si
dopants during the growth process, in the case of effec-
tively thinner barrier (sample #1) we observed higher
current densities and the RTN modulation noise related
to trapping and detrapping of charges in local spatial po-
tential fluctuations generated by remote impurities. For
intentionally very similar structure (sample #2) with o-
-doping on the other side of the barrier we obtained bar-
rier with small transmission coefficient and white shot
noise with Fano factor close to 1.

Our noise measurements enabled to have more insight
into the electron transport mechanism than simple (V)
characteristics and proved to be a powerfull tool for char-
acterization of transport properties of nanostructures.
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