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Realization of Tensile Strain on GaAs Substrates
with Non-Pseudomorphic Grid Layer

Yuen-Chuen CHAN, Tetsurou MORIMOTO and Kunio TADA

Department of Electronic Engineering
University of Tokyo
Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan

Torealize tensile strain on GaAs substrates, anovel structure consisting of a thick non-pseudomorphic
InAlAs grid layer and InGaAs-GaAs strained-layer superlattice dislocation filter is proposed. The
combined structure is examined by photoluminescence, Nomarski etch-pit microscopy and double
crystal x-ray diffraction and found to be effective in incorporating tensile strain in devices grown on

the GaAs substrate.

1. INTRODUCTION

Strained quantum wells are presently attracting a lot
of attention because it is possible to accomplish bandgap
engineering with elastic strain? as well as achieve drastic
improvements in device performance?. Moreover, devices

operating at wavelengths which are not achievable with

any existing unstrained semiconductor material systems
could now be realized with the effect of elastic strain¥. For
bandgap engineering, tensile strain is especially favorable
as therelative positions of the heavy and light hole quantum
energy levels can be adjusted at will®. However, a simple
study of the lattice constants of the GaAs-AlAs-InAs
material system will reveal that only compressive strain
could be realized by coherent epitaxial growth on GaAs
substrates. In this paper, we devised a scheme for realizing
tensile strain with the GaAs substrate and examined the
structure with photoluminescence, Nomarski etch-pit
microscopy and double crystal x-ray diffraction.

2. STRUCTURE

To realize tensile strain on GaAs substrates, it is
necessary to lay down a grid layer with a much larger
lattice constant. This can be accomplished by growing a
thick non-pseudomorphic InGaAs or InAlAs layer so that
the lattice constant at the surface relaxes back to its bulk
value. Subsequent growth of layers with a lattice constant
smaller than that of the grid will result in tensile stress.
However, allowing the thick grid layer to relax back to its
bulk lattice constant also means the generation of misfit
dislocations. In order to obtain good crystal quality at the
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Fig. 1 Design concept for a balanced superlattice
structure on top of grid layer.

surface, these dislocations must be filtered, by bending
them to the sides of the sample through the interfaces of a
strained-layer superlattice structure, so that they do not
thread up®. In addition, the strained-layer superlattice
structure should be designed in such a way, shown in Fig.
1, that its average lattice constant matches that of the grid
so that the structure itself does not introduce any new
dislocations.

3. EXPERIMENT AND EVALUATION

To examine the feasibility of such an approach, two
samples each with 5 sets of 62A-wide GaAs-AlAs quantum
wells were prepared. One sample has a Ilum-thick
In, Al ,,As grid with a strained-layer superlattice
dislocation filter structure, made up of 30 sets of

In, Ga, ., As-GaAs quantum wells with layer thicknesses
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Fig. 2 Photoluminescence peak wavelength and its FWHM for tensile-strained and

unstrained GaAs-AlAs quantum wells.

of 23A, in between. On the otherhand, the other sample has

no grid layer and hence is totally unstrained. The
temperature dependence of the photoluminescence peak

wavelength and its FWHM are shown in Fig. 2. Solid and

broken lines are the theoretical values based on quantum

well energy level calculations taking into account excitonic

and strain effects. Good agreement between the
experimental and calculated results is obtained and the

tensile-strained sample’s peak is shifted by 10nm to the

longer wavelength. Moreover, the FWHM obtained by

both samples are roughly of the same order, indicating

reasonably good crystal quality.

The effectiveness of the superlattice dislocation
filter structure in reducing the amount of threading
dislocations up to the quantum well structures was also
examined by Nomarski etch-pit microscopy. The samples
were prepared by selective etching with molten KOH to
reveal etch pits on the {100} surface. Figure 3 shows the
micrographs for samples without the superlattice structure
(left) and that with 10 periods of In ,Ga . As-GaAs
superlattices (right), examined under a Nomarski phase
contrast microscope. The diamond shape of the etch pits

confirms its dislocation-related origin®. The etch-pit
densities for both samples come up to approximately
1x10°%m? and 3x10°cm?, respectively. This means that
the strained-layer superlattice structure greatly reduces the
number of dislocations propagating up from the non-
pseudomorphic layer.

Multiple quantum well structures grown on top of
the non-pseudomorphic grid layer and strained-layer
superlattice were studied with double crystal x-ray
diffraction. The primary x-ray beam from the Cu target is
diffracted by the [400] diffraction of the GaAs (100)
crystal monochromator, and the diffracted beam then falls
incident on the sample. Figure 4 shows the x-ray rocking
curve for a grown sample of GaAs-InAlAs quantum wells
on the prepared InAlAs grid layer. Peaks related to the
substrate and InAlAs grid can be seen together with the
satellite peaks, which are attributable to the superlattice
structure. The satellite peaks are rather weak for this
sample asithasa 1pum-thick layer of InAlAsclad and 600A
of InGaAs cap on top of the multiple quantum well layer.
Together with photoluminescence results, the indium
content of the InAlAs layers is determined to be 5.1% and

Fig. 3 Micrographs of etch pits obtained by etching in molten KOH of a thick relaxed
InAlAs layer and InGaAs cap on a GaAs substrate (left) and a thick relaxed InAlAs
layer, an InGaAs-GaAs strained-layer superlattice structure and InGaAs cap on a GaAs

substrate (right).
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Fig. 4 Double crystal x-ray rocking curve for grown
sample. The denotations of ‘SL’ and integers m repre-
sent the main superlattice (Oth-order) and mth-order
satellite peaks of the multiple quantum well structure
on top of the grid layer.

the thicknesses of the tensile-strained GaAs wells and
unstrained InAlAs barriers to be 59.8A and 65.6A. This
sample is fabricated as a planar waveguide device and has
in fact demonstrated polarization independent optical
modulation”, which means that tensile strain is effectively
introduced into the GaAs wells.

4. CONCLUSIONS

A novel structure, comprising a thick non-
pseudomorphic InAlAs grid layer and InGaAs-GaAs
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strained-layer superlattice dislocation filter, is proposed

for realizing tensile strain on GaAs substrates. The
feasibility of such a scheme is demonstrated by
photoluminescence, Nomarski etch-pit microscopy and

double crystal x-ray diffraction, and the structure proves

effective in introducing tensile strain in devices grown on

GaAs substrates.
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