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NEGATIVE DIFFERENTIAL RESISTANCE BEHAVIOR
IN DELTA-DOPED AlInP STRUCTURE GROWN BY
MOCVD
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An AllnP delta-doped schottky diode exhibiting negative differential resistance (NDR) behavior is demonstrated for
the first time. The NDR characteristics with a peak to valley ratio of 5.5 and peak current density of 1kA/cm? were
achieved at room temperature. In addition, the maximum available power is estimated up to 5W/cm?. The
mechanism for such performance is phenomenologically analyzed by the combination of resonant interband
tunneling (RIT) and thermionic emission processes associated with tunneling effect on the metal-semiconductor
(MS) interface.
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1 INTRODUCTION

Delta doping technique shows the promising potential for introducing triangular barrier in
semiconductor and attracts much attention to integrated circuits and high performance
devices applications [1-3]. Recently, Wang ef al. has reported that a symmetrical NDR
characteristic with peak to valley current ratio (PVR) of 3.1 and peak current density of
3kA/cm? can be obtained in a homotype GaAs delta-doped structure operated at room tem-
perature [4,5]. The peak current is resulted from the resonant interband tunneling process,
while the valley current is dominated by the thermionic process. Based on this idea, a
large band gap material is necessary to suppress the valley current, in order to obtain devices
with high PVRs. Because AlInP material has a wider energy gap [6] than that of GaAs, it can
be expected to reduce the valley current efficiently and then enhance the PVR.

In this paper, we demonstrate an AlInP delta-doped structure which shows N-shape NDR
behavior with a high PVR up to 5.5 at room temperature. Due to the idea of using MS tunnel-
ing barrier, a conceptal understanding of such results would enhance our understanding of the
physics of metal-AllnP RIT device in general.
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2 EXPERIMENTAL

AlInP delta-doped RIT structure in this study was grown on a (100)-oriented p™-GaAs sub-
strate by AIXTRON-2400 Metal Organic Chemical Vapor Deposition (MOCVD) system.
TMGa, TMIn, TMAI and AsH;, PH; are used as MO and hydride sources, respectively.
Si,Hg is also used as n-type dopant source. This RIT structure consists of one Si delta-
doped layer sandwitched between two lattice-matched undoped AlIn;_.P layer (10 nm)
where x is equal to 0.51. The delta-doped sheet concentration is up to 1x 10'?cm™2. The
corresponding energy band diagram is shown in Figure 1(a). Wafers are cleaned in acetone

FIGURE 1 The energy band diagrams and current—voltage characteristics of AllnP delta-doped structure for
various bias conditions: (a) small forward bias; (b) resonant tunneling condition; (c) large forward bias.
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and methanol for 5 minutes, respectively. Au is employed and evaporated on the surface of
grown epitaxial layers as schottky metal. The device area of 1 x 10~ ®cm? is defined by
photolithography and mesa isolation is performed by using H,SO4:8H,0:100H,0O etching
solution. Finally, the current—voltage (/-V) characteristics are measured by a Tektronix
370A curve tracer at room temperature.

3 RESULTS AND DISCUSSION

The room temperature /-V characteristics of this RIT structure are shown in Figure 2, where
an N-shaped NDR behavior is exhibited at forward bias. The corresponding peak voltage,
peak current, valley voltage and valley current are 0.26 V, I mA, 0.4V and 0.18 mA, respec-
tively. The calculated PVR is about 5.5 with a peak current density of 1 kA /cm? This PVR
value is higher than that of previously reported in homotype GaAs RIT diode [5]. Such an
interesting NDR behavior is believed to be due to both surface state pinning effect and the
tunneling effect through the delta-doped induced triangular quantum well. Thus, it means
the validity of this NDR requires that the conduction band well created between the delta-
doped barrier, is deep enough to allow the existence of quasi-bound states. In this case,

NDR can occur via an interband tunneling mechanism. More detailed analyses are described
as follows:
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FIGURE 2 Typical current-voltage characteristic of the AlInP delta-doped structure at room temperature.
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At thermal equilibrium, the energy level of MS interface is pinned at £, which is located at
the AlInP valence band. Since the delta-doped layer forms a triangular barrier, a quantized
state (E£;) exists in the conduction band region due to quantum size effect. In this condition,
the confined state in triangular well lies above the Fermi level. When a small forward bias
(V1) is applied, the electrons and holes will thermionic emission over the MS interface
and delta-doped barrier, respectively. In this case, the collected current is increased when
increasing the external voltage. When increasing the applied voltage, the electrons will tunnel
through the MS interface via the resonance with the sublevel (1) in triangular quantum well
and then thermionic out of the well to the p™.When the Fermi level aligns with the E, as
shown in Fig. 1(b), a resonant tunneling process occurs. Due to the enhancement of tunneling
probability, a peak current at the peak voltage (V),) is then established. As the bias is
increased, the valence band edge is lowered and misaligned with the E;, which makes elec-
trons tunneling probability become small. This also reduces the tunneling current, which
results in the formation of valley current. In other words, there is a drop in the current
since electrons must tunnel through the whole AlInP layers, giving rise to the observed
NDR effects. After that, the current is increased with the bias (73) and the collected current
is dominated by thermionic emission of electrons and holes associated with the electrons tun-
neling process in MS interface.

From experimental results, the maximum available power for such a NDR device can be
estimated as [7, 8]

3
Puac = | — | AVAI
()

Where AV(AI) is the voltage (current) extent of the NDR. Thus, a large power density of
5W/cm? can also be expected in this structure.

4 SUMMARY

The first report of the observation of NDR behavior with a high PVR ratio of 5.5 and peak
current density of 1kA/cm?® are obtained in a MOCVD-grown AlInP delta-doped structure
operated at room temperature. The occurrence of NDR is analyzed to be due to both the RIT
effect in the triangular barrier well and thermionic emission associated with tunneling in MS
interface. The calculated maximum available power is about 5 W/cm?. Due to the high PVR,
peak current density and maximum available power, microwave potential for such a new RIT
device may have potential for future applications.
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