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Abstract

We have measured the noise properties of a resonant tunneling structure in a voltage regime where single electron tunneling
is observed. We 2nd di3erent values of the shot noise suppression depending on whether the transport is governed by a
single impurity or an ensemble of zero-dimensional states. ? 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Studying the noise characteristics of mesoscopic
systems has gathered some interest lately. One reason
is the fact that time-dependent <uctuations of the cur-
rent due to the discrete nature of the electron charge
give information that is complementary to that ob-
tained by stationary transport measurements. Usually
shot noise is characterized by the Fano factor � being
de2ned by Snoise = �2eI with the spectral noise power
density Snoise, the electron charge e and the current I .
Some mesoscopic systems feature a speci2c shot noise
suppression: an ideal tunnel barrier shows �=1 while
in symmetric resonant tunneling �= 1

2 is expected [1].
The sample we use is a double-barrier resonant-

tunneling structure (DBRTS) biased in a regime,
where the current through the device is carried by a
single impurity or small numbers of impurities, that
form zero-dimensional states between the tunnel-
ing barriers [2]. This distinguishes our experiments
from other work where resonant tunneling transport
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occurs through single subbands (see for example
Ref. [3]). Shot noise measurements in the single-
electron tunneling regime have been performed in
metallic systems [4].

2. Sample and experiment

Our sample consists of a nearly symmetric DBRTS
grown by molecular beam epitaxy on a n+-type GaAs
substrate. The heterostructure is formed by a 10 nm
wide GaAs quantum well sandwiched between two
Al0:3Ga0:7As-tunneling barriers of 5 and 6 nm thick-
ness. The contacts consist of 300 nm thick GaAs layers
doped with Si (4×1017 cm−3) and they are separated
from the active region by a 7 nm thick undoped GaAs
spacer layer. Current steps in the I–V curve indicate
the existence of single impurities in the nominally un-
doped GaAs. The diameter of the diode is 1�m.
The experiments were done in a 4He-cryostat using

a variable-temperature insert that allows for a mini-
mal temperature of 1:3 K. One terminal of the sam-
ple is connected to a voltage source, the second one
is grounded with the virtual mass of an ultra-low
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noise current ampli2er. This allows monitoring the
DC-current through the sample while the noise spec-
tra are acquired by a spectrum analyzer in the range
between 0 and 100 kHz. To reduce the ampli2er-noise
due to capacitive loading connection to the sample is
realized with a low-capacitance line (∼ 10 pF).
The current-induced noise power originating from

the DBRTS was calculated from the di3erence be-
tween two measurements with and without voltage
bias after correcting the spectra for the amplitude re-
sponse of the ampli2er.

3. Experimental results and discussion

In Fig. 1 the I–V characteristics of the DBRTS are
plotted. At bias voltages below 10 mV two current
plateaus are visible with some 2nestructure. These are
due to resonant tunneling through single or small num-
bers of impurities. The 2nestructure originates most
likely from the in<uence of <uctuations in the local
density of states of emitter and collector.
In Fig. 2 we show two spectra at the two bias volt-

ages indicated by the arrows in Fig. 1. At small bias
the spectra show white noise. At the onset of the cur-
rent plateau and above 1=f noise develops, but with
negligible contribution to the noise power at frequen-
cies above 40 kHz. This justi2es averaging the spectra
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Fig. 1. I–V characteristic of the sample in the single electron tun-
neling regime at T =1:3 K. The steps in the curve are 2ngerprints
of zero-dimensional impurities between the barriers. The arrows
indicate to the voltage positions where we show the correspond-
ing spectra in Fig. 2. Inset: schematical view of the electronic
structure of the sample.
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Fig. 2. Noise spectra of the DBRTS at di3erent bias voltages. At
frequencies above 20 kHz the data have been smoothed using a
boxcar average to compensate for the degrading signal-to-noise
ratio at high frequencies due to capacitive loading of the current
ampli2er.
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Fig. 3. The noise power of the sample in the single electron tun-
neling regime at T =1:6 K. The open circles represent the average
noise power between 40 and 100 kHz. The plot has been smoothed
using a 2ve-point boxcar average. The dashed lines represent the
theoretically calculated shot noise for � = 1, the straight line for
a suppression of � = 3

4 . The arrow indicates the voltage position
where � reaches a value of 0.6. Inset: corresponding Fano-factor �.

between 40 and 100 kHz to increase the signal-to-
noise ratio of the data in analyzing the shot noise of
our sample.
In Fig. 3, the noise power measured in the single

electron tunneling regime is plotted as a function of
applied bias voltage in comparison with the theoreti-
cally calculated shot noise values for �=1 and �= 3

4 .
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At small bias voltages (¡±2 mV) the sample pro-
duces full shot noise Snoise = 2eI proportional to the
current I . Full shot noise is associated with a single
tunnel junction. This indicates that below 2 mV the
sample acts e3ectively as a single barrier.
However, for larger bias voltages a suppression of

the shot noise between 2.5 and 3:8 mV occurs. The
noise signal is in good agreement with the theoretical
curve for �= 3

4 (see Fig. 3 with inset). On the current
plateau the suppression increases up to values of � =
0:6. This suppression of � = 0:6 is not temperature
sensitive in a range between 1.3 and 4 K (data not
shown). The current plateau in the I–V curve—that
we attribute to tunneling through a single impurity—is
still existent at 4 K although the overshoot at the onset
does vanish. So we believe that the noise suppression
at this speci2c bias voltage is a 2ngerprint of resonant
tunneling through one zero-dimensional state.
In resonant tunneling through a single state one

would expect �= 1
2 for symmetric barriers and �= 1

for an extremely asymmetric situation [5]. The ob-
served suppression of �=0:6 thus indicates the slight
asymmetry of the structure.
Astonishingly in the range between 2.5 and 3:8 mV

a constant suppression of the shot noise with a
Fano-factor of � = 3

4 is observed, there a third ef-
fect may come to play a role. Nazarov and Struben
proposed a theoretical model for shot noise in a dis-
ordered resonant tunneling system with a predicted
suppression of �= 3

4 [6]. It is originally based on the
existence of strongly localized states inside a single
barrier randomly distributed in energy and space. If
the number of contributing states is large enough to
allow for averaging over the disorder in the system
this value for � should be universal. Only those states
situated close to the center of the barrier play a role in

transport. So this situation can be e3ectively regarded
as a two-barrier problem [1, p. 24]. Thus this model
could be applicable to our DBRTS.
If we interpret our data accordingly this would im-

plicate that in the voltage range from 2.5 to 3:8 mV
transport occurs through an ensemble of impurity
states that is large enough to allow for a suppression
of �= 3

4 , whereas for bias larger than 3:8 mV tunnel-
ing through a single impurity dominates the current.

4. Conclusions

We have measured the noise properties of a
double-barrier resonant tunneling structure in a volt-
age regime where transport occurs through single
or small numbers of localized states. These states
are formed by impurities. We observe a shot noise
suppression of �= 3

4 as long as the current is not gov-
erned by single electron e3ects. If any single electron
tunneling e3ects come to play a role, we observe a
further suppression down to �= 0:6.

References

[1] Ya.M. Blanter, M. B)uttiker, Phys. Rep. 336 (2000) 1, and
references therein.

[2] T. Schmidt, P. K)onig, E. McCann, Vladimir I. Fal’ko,
R.J. Haug, Phys. Rev. Lett. 86 (2001) 276.

[3] Yuan P. Li, A. Zaslavsky, D.C. Tsui, M. Santos,
M. Shayegan, Phys. Rev. B 41 (1990) 8388;
H.C. Liu, Jianmeng Li, G.C. Aers, C.R. Leavens, M. Buchanan,
Z.R. Wasilewski, Phys. Rev. B 51 (1995) 5116.

[4] H. Birk, M.J.M. de Jong, C. Sch)onenberger, Phys. Rev. Lett.
75 (1995) 1610.

[5] L.Y. Chen, C.S. Ting, Phys. Rev. B 43 (1991) 4535.
[6] Y.V. Nazarov, J.J.R. Struben, Phys. Rev. B 53 (1996) 15466.


	Shot noise in tunneling through single localized states
	Introduction
	Sample and experiment
	Experimental results and discussion
	Conclusions
	References


