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Tunneling processes in double-barrier GaAs/AlAs diodes with an incor-
porated AlGaAs pre-barrier were studied under hydrostatic pressure. The
electrical characteristics resulting from a pre-barrier on the side of the emit-
ter can be explained at 1 bar, solely by the Γ-parofile: increasing pressure
shows that the pre-barrier does not reduce the Γ-Χ tunneling. A pre-barrier
on the collector side leads to charge buildup at the Χ minimum within the
AlAs collector barrier.

PACS numbers: 72.80.Ey, 73.40.Gk
The physical properties of double-barrier resonant tunneling diodes

(DBRΤDs) have been extensively studied [1, 2] and considered for device applica-
tions [3, 4]. A DBRTD is formed by a low-gap semiconductor material (e.g. GaAs)
between two layers of a higher-gap one (e.g. AlAs). Its Γ conduction-band profile
consists of two barriers sandwiching a quantum well whose energy levels manifest
themselves as resonance peaks in the current density-voltage J(V) characteris-
tics. However, since AlAs is an indirect gap semiconductor, additional tunneling
through the Χ valleys in the barriers can influence the whole transport mecha-
nism [5-9]. This paper presents data on the effect of hydrostatic pressure (p) on a
GaAs/AlAs DBRTD with an AlGaAs additional layer. This kind of stucture was
reported to improve both peak current and peak to valley ratio (PVR), which are
key parameters for device performance [10, 11].

Sample A consists of a 17 Å/50 Α/17Å AlAs/GaAs/AlAs DBRTD with an
Al0.2Ga0.8As pre-barrier layer (see inset in Fig. 1a) [11]. Sample B is a reference
without pre-barrier. At p = 1 bar and zero external bias, the Χ and Γ minima
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in the AlAs barriers lie respectively about 160 meV, and 1.05 eV above the Γ
minimum in GaAs [5]. Since the same minima lie at 362 and 140 meV respectively
in AlGaAs, the pre-barrier builds a chair in both Γ- and X-profiles. The first
resonant energy level lies at ε0 105 meV.

Figure 1a shows the J(V) curves of sample Α with the pre-barrier in emit-
ter (forward bias, A+) and collector side (reverse bias, A- ) for three different
pressures at Τ = 4.2 Κ. A comparison of A+ with B shows that the effect of the
pre-barrier at forward bias and p = 1 bar is to reduce peak (Jpeak) and valley cur-
rent densities (Jvalley ). The pre-barrier in emitter improves the PVR at Τ = 4.2 K
from 12 (B) to 18 (A+). Similar results have been attributed to a reduction of both
coherent tunneling and tunneling through the Χ valleys [10]. Sample B exhibits a
very symmetric behavior with respect to the direction of applied bias voltage. The
roles played by Γ-Γ and Γ-Χ tunneling can be better determined by increasing
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p. For A+ at forward bias, Jpeak decreases and Jva lley increases with p, respec-
tively. Hydrostatic pressure reduces the Γ—Χ offset at a rate of d(εx - εΓ)/dp ≈
-11 meV kbar-1 and about maintains the Γ-band discontinuity. An increase in
p is also followed by an increase in the Γ effective masses. Since Jpeak is mainly
determined by Γ-Γ tunneling, the increase in effective mass explains the observed
decrease in Jpeak with p [1, 5]. Jvalley is determined mainly by indirect tunneling
through the Χ point and its increase with p results from the decrease in the height
of the Γ-Χ barriers [5-9]. If Jpeak and Jvalley are normalized by their values at
p = 1 bar, a comparison between both samples (not shown here) indicates that
Jpeak decreases with the same pressure rate for A+ and Β. On the other hand,
Jvalley increases more rapidly for A+ than for Β. Both results do not confirm the
reduction of Γ-Χ tunneling after the addition of the pre-barrier layer. In fact,
the observed decrease in Jpeak at p = 1 bar for A+ in comparison to Β is due to
the increase in the Γ emitter barrier thickness. An increase in barrier thickness
also leads to a decrease in the resonant energy level mean width (Δε 0 ). As PVR

Δε1̂, the increase in PVR fromΒto A+ can be explained solely by theΓ
profile. This point is also confirmed by analysis of the dependence of the PVR on
p: although A+, A- and Β have very different PVRs at p = 1 bar, resonance
disappears at the same critical pressure of p 14.3 kbar for all configurations.
This again can be taken as an evidence that the Χ contribution to tunneling is
similar for both samples.

Peak voltage (Vpeak) as well as Jpeak and Jvalley increase with p when the
pre-barrier is on the collector side (Fig. 1b, reverse bias). The usual triangular
shape of the J(V) curves at p = 1 bar change into a concave shape with increas-
ing p. Figure 2 shows the conductivity dJ(V)/dV curves for A- at T = 4.2 K as a
function of p. A knee appears before resonance and it turns into a local minimum
with increasing pressure. This minimum delimitates two regions at the conductiv-
ity curves and its bias position decreases with p until it disappears for p> 4.7 kbar.
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Note that the Χ point at the AlAs barriers has, for p ≥ 2 kbar, already crossed the
Γ point at the pre-barrier. Beyond this pressure, the Fermi energy in the emitter
must cross the Χ point in the AlAs collector barrier before resonance. Within the
picture of sequential tunneling, the AlGaAs layer acts as an additional barrier in
the collector for electrons tunneling through the Χ valley, and charge buildup at
the Χ point in the collector AlAs barrier is originated. Similarly to buildup in the
central well [2], the presence of charges within this barrier decreases the electric
field at the emitter region and increases it at the collector. Higher bias will be
needed for resonance and the second barrier also becomes more "transparent". As
shown by Fig. 1 for backward bias, increased pressures lead for A- to an increase
in Vpeak and Jpeak. The position of the Χ point at the barriers decreases with
p until it crosses the quasi-bound ε0 level at p ti 5.0 kbar. As shown by Fig. 2,
above this pressure charge buildup occurs at very low bias already, and the mini-
mum at the dJ/dV curves can no longer be observed. As a summary, hydrostatic
pressure applied to a DBRTD with an AlGaAs pre-barrier in the emitter does not
show reduction of indirect Γ-Χ tunneling. Electrical characteristics of the sample
can be explained in this case solely by the Γ potential profile. The presence of
the pre-barrier on the collector side originates charge buildup on the Χ point at
the AlAs barriers. This phenomenon becomes more pronounced by increasing the
external pressure.
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