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abstract
Two-dimensional properties of the electron gas in an InP/n-AllnAs hetero-
structures are reported. Quantum transport measurements provided the evidence
of two-dimensional character of electrons confined in the InP layer of the
heterostructures grown by a simple LPE growth thehnique. This new 2DEG system
has enormous potentialities as a fundamental structure for higher frequency
applications alternative to GaAs devices.

1. Introduction

Special interest has been offered to InP for a long time as a host material
for high frequency devices since better performances in transferred electron
devices were demonstrated in early 1970:s. An InP has higher potentialities
than GaAs for high frequency devices, because of the higher peak and saturation
velocities of hot electrons. Therefore, various types of field effect transistors
with insulated gate materials have been demonstrated. Although many oxide
materials have been tried to make InP MOSFET, electron mobility in a channel
is limited by dominant scatterings near the interface as expected in conventional
MOS structures.

The purpose of this paper is to report the first observation of 2DEG
confined in a new heterostructure, the selectively-doped InP/n-A1InAs. Quantum
oscillations of magnetoresistance and quantum Hall steps are presented as an
evidence of two-dimensional character of electrons confined in the InP layer
of this system.

2. Two-Dimensional Electrons in the Heterostructure

The new heterostructure consists of n-type Alg, 4glng 52As and semi-insulating
InP substrate as shown in a schematic diagram of Fig.1. There have been no
published data concerning the conduction band discontinuity of InP/AlInAs as far
as we know. From the results studied in
the different types of heterostructures
and metal-InP junctions, we can roughly
estimate that the conduction bandedge
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discontinuity is about 0.2 eV. ¢
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heterostructures was controlled by doping Ep

of silicon donors into AlInAs. The
thichness of AlInAs Tayer ig¢ about 0.3
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Magneto-transport properties of
InP/n-AlinAs were studied at low tempra- Fig.1 A schematic conduction
tures,4.2 and 1.8 K. Typical recorder band diagram of selectively-
traces of o\ o4 Pyy are shown in Fig.2. doped InP/n-Alg gglng poAs.



High magnetic fields were applied
perpendicular to the heterointerface.
From the periodicity of the oscillat-
ingpyy 1n 1/B, the sheet electron
den§1ty calculate to be ng=1.8 x1011

Assum1ng the relevant effective
mass of InP (m*=0.080 my), we can obtain
Fermi energy Ep=5.4 meV.

When a Landau level is completely
filled, the diagonal conductivity oyy
reaches zero at T=0. The condition oyx=0
pxy?0, implies that the 2D electron
system is in a zero-resistance state,
that is pyx=0, at T=0 (2,3). The present
data still shows somewhat resistivity of
pxx at the minima. The off-diagonal Hall
resistivity is given bypxy=h/i-e2, where
i is the number of filled Landau levels(2). - - 1o
Figure 2 shows thatpxy becomes nearly L
constant around the magnetic field of 3.1T U R - = s
wherepyx reaches a minimum resistance. We Bir)
can obtain the experimental resistivity
for i=2,pxy=12.840.2 k& from a terraced
structure of the trace shown in Fig.2.
These experimental data are in good agree-
ment with the theoretical values determin-
ed from the above relation whitin an
experimental error. This indicates the distinctive characteristic of ZDEG in
the heterostructure. Two-dimensional character of the system was also confirmed
on magneto-transport measurements using the angle-dependence between magnetic
fields and the heterointerface.

In comparison with the related data on prominent selectively-doped GaAs/
n-AlGaAs(4), we can estimate electron mobility of the 2DEG in InP/n-AllnAs.

We have observed much larger amplitude of quantum oscillations in the present
experiment than that of oscillations measureed in the GaAs/n-AlGaAs grown by

the same LPE tech %que (5,6). The averaged mobility of the heterostructure was
higher than 10 /V-s at 1ow temperatures,77 and 4.2 K. In addition, it should
be noted that the present results were obtained by using the simple growth
technique and much higher mobility may be achieved in specimens grown by a refined
crystal growth technique.
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Fig.2 Plots of pyyx and pxy as a
function of magnetic field.
The theoretical values of
Pxy are also shown.

3. Summary

We have reported the fundamental magneto-transport properties of the new
heterostructure, InP/n-AlInAs, grown by the simple LPE method. Quantum oscilla-
tions of manetoresistance and quantum Hall steps were also presented as an
evidence of the confinement of 2DEG in the heterostructure.

This system has enormous potentialities as a fundamental structure which
will be widely used for high speed devices, such as HEMT, heterostructure
bipolar transistor and opto-electronic devices.
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