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We report the observation, at low temperatures and bias voltages, of elastic and inelastic tunneling through AlAs barriers sandwiched between two GaAs layers. Previous studies
of electronic transport perpendicular to Alx Ga 1 _ x As barriers sandwiched between GaAs layers 1-4 have attributed
currents passing through the barriers to thermionic emission
at temperatures above 150 K or to tunneling through the
Alx Ga 1 _ x As barrier at low temperatures, but for bias voltages which were comparable to the barrier height. Two of
these studies noted that at low temperatures and low biases
more current passed through the barriers than could be accounted for by either of these processes, indicating that some
form ofleakage may be dominating current transport at low
temperatures. 1•2 In all of these studies the barriers were 300
A thick or thicker. The measurements reported here were
made on samples with barriers thinner than 300 A in an
effort to enhance the tunneling current at low bias voltages
relative to leakage. A more detailed account of most of these
measurements is given in Ref. 5.
The samples used in this study were grown by metalorganic chemical vapor deposition (MOCVD) and by molecular beam epitaxy (MBE). In both cases an n-type epitaxial
layer of GaAs was grown on a degenerately doped n-type
GaAs substrate. A thin layer of AlAs was grown on top of
this GaAs layer, followed by a final n-type layer ofGaAs. In
the MOCVD samples the epitaxial GaAs was doped with Se
at 1-5 X 10 18 em - 3 , and the AlAs layer was either doped n
type with Se or p type with Mg at approximately 1 X 10 18
cm- 3 • TheAlAslayerswerefrom 50-300A thick. The MBE
samples came from two sources. In both cases the epitaxial
GaAs layers were doped with Si at 1 X 10 18 em - 3 , and the
AlAs was unintentionally doped. The estimated AlAs layer
thicknesses were from 50-150 A. Devices were made on the
wafers by defining mesas and fabricating (Au,Ge)-Ni contacts on the mesas. Temperature dependent current-voltage
(I-V), first derivative (di !dV), and second derivative (d 2I I
dV 2 ) spectra were taken on the devices from room temperature to 4.2 K. Zero-bias resistances were obtained from the
slope of the I-V curves at ± 3 m V.
Results of the measurements made on MOCVD grown
samples will be discussed first. There was a large difference
in the characteristics of the samples, depending upon
whether the AlAs barrier was doped p type with Mg or n
type with Se. The p-type barriers exhibited increasing resistance as temperature was decreased to 77 K, at which point
the I-V curve maintained the same shape down to 4.2 K. The
597

zero-bias resistances of p-type barrier samples increased rapidly with barrier width as is seen in Fig. I. Figure I also
includes the results of a WKB calculation of the zero-bias
resistances expected for various barrier widths. This calculation was based on the technique ofKurtin eta/. 6 Only contributions to the tunneling probability from the AlAs r points
were included. The band offsets and effective masses were
taken from Casey and Panish. 7 Although this model is only
presented to give an idea of the orders of magnitude expected
for tunneling resistances, the agreement is reasonable for
small barrier widths. As the thickness of the barrier is increased, the measured zero-bias resistance does not increase
at the rate predicted for tunneling, indicating that for thick
AlAs layers, most of the low temperature current is due to
some form of leakage. At smaller thicknesses the tunneling
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FIG. I. Zero-bias resistivity at 4.2 K for MOCVD samples with p-type barriers and for MBE samples which had uniform resistivities between neighboring devices. The solid line is a theoretical calculation of zero-bias resistivity, using a WKB approximation to the tunneling probability.
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FIG. 2. Second derivative spectrum at 4.2 K for a p-type AlAs barrier sample grown by MOCVD. The layer thickness was approximately 50 A. The
structure labeled Ia) is attributed to an electronic density-of-states effect
caused by electron-optical phonon coupling in the GaAs. The peak labeled
ib) is caused by the inelastic excitation oflongitudinal optical phonons in the
AlAs barrier.

current, which decreases exponentially with width, begins to
dominate leakage.
When first and second derivatives were taken of the /- V
curves of samples with 50 A thick, p-type, AlAs layers, reproducible structure was evident (Fig. 2). Structure [labeled
(a)] is present at the GaAs longitudinal optical (LO) phonon
energy (36 meV) in both forward and reverse bias in Fig. 2
and is attributed to a density-of-states effect caused by electron-phonon coupling in the degenerate GaAs layers. Similar observations have been made in Schottky barrier tunneling in GaAs. 8 A peak, labeled (b), is also visible at
approximately the AlAs LO phonon energy (50 meV) in the
second derivative spectrum. 9 This peak is associated with
the inelastic excitation oflongitudinal optical phonons in the
AlAs by the tunneling electrons. This is the first observation
of these effects in the AlAs/GaAs system. These results were
reproducible across a given wafer and were seen in two wafers with barriers of about the same thickness. When the
AlAs barrier width increased to 100 A or greater, no reproducible structure was observed.
When the MOCVD grown AlAs barriers were doped n
type, the results were different. The zero-bias resistance
changed by less than an order of magnitude as the AlAs layer
width was increased from 60 to 250 A. Five peaks were present in the second derivative spectra in both forward and reverse bias for all of the n-type barrier samples regardless of
width. These peaks did not match those seen in the p-type
barrier MOCVD samples. A definitive explanation for the
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results of measurements on n-type barriers has not been
found. A more complete discussion of the differences
between n-and p-type barrier MOCVD samples and the possible explanations for these differences is given in Ref. 5.
The zero-bias resistances for devices made from the two
MBE grown samples with the thinnest AlAs layers (one
from each source) are given in Fig. 1. These resistances are
also consistent with the tunneling calculations, although
from Fig. 1, it appears that either the MBE or MOCVD
barrier widths may be in error by around 10 A. The I-V
curves for devices made from these wafers showed approximately the same behavior with temperature as the p-type
MOCVD barrier samples. Devices made on the two wafers
for which resistances are given in Fig. 1 showed some fluctuation from device to device in the zero-bias resistance. The
remaining MBE samples studied had barrier widths of 100 A
or greater. The zero-bias resistances of neighboring devices
made on these wafers fluctuated by many orders of magnitude. The largest resistances measured for the MBE samples
were two or more orders of magnitude larger than the resistances of p-type MOCVD samples with the same barrier
width. Much smaller fluctuations occurred in the resistivities of devices on the MOCVD grown wafers. The first and
second derivative spectra for the MBE wafers did not show
any reproducible structure, possibly because they had such
large resistances that tunneling currents were beyond the
detectable limits of our system. A reason for the large flunctuations in device resistance for the thicker barrier MBE
samples has not been found.
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