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Abstract 

We report results in three areas of research relevant to the 
fabrication of wide range of optoelectronic devices. (1) The development 
of a new x-ray diffraction technique that can be used to rapidly 
determine the optimal period of a strained layer superlattice to 
maximize the dislocation filtering. (2) The optimal MBE growth 
parameters for the growth of CdTe on GaAs(2 11). The determination of 
the relative efficiency of dislocation filtering in the (211) and (100) 
orientations. (3) The surface quality of InSb grown by MOCVD on InSb 
substrates is affected by the misorientation of the substrate. 
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Nomenclature 

MBE 
MOCVD 

PLM 
TEM 
FWHM 
SLS 
GaAs 
ZnTe 
CdTe 
InSb 
InAsSb 

Molecular Beam Epitaxy, a crystal growth technique 
Metal-Organic Chemical Vapor Deposition, a crystal growth 

Photoluminescence Microscopy 
Transmission Electron Microscopy 
Full Width at Half Maximum 
Strained Layer Superlattice 
Gallium Arsenide 
Zinc Telluride 
Cadmium Telluride 
Indium Antimonide 
Indium Arsenide Antimonide 

technique 
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Introduction 
1 

Strained-layer and lattice-mismatched structures have received a 
great deal of attention because of their intrinsic interest from the 
physics and materials science viewpoints and because of their possible 
applications in electronic devices. Many possible applications have 
been limited due to the need for substrates with an appropriate lattice 
parameter. If the device and the substrate on which it is fabricated are 
highly mismatched (=-2”/,), a large number of dislocations are created 
which are difficult, if not impossible, to keep out of the active part of 
the device. These dislocations can greatly deteriorate the performance 
of the device. This means that the majority of device structures must 
be placed on substrates with a small mismatch or lattice-matched 
substrates in order to be manufacturable. This constraint limits the 
choice of materials and parameters available for device design. 

The use of strained-layer superlattices to fdter threading 
dislocations has been demonstrated for systems with a small 
mismatch (<2%), but has not been found to be effective for systems 
with a large mismatch (>2%). Until recently all work has been 
performed on low index substrates such as (loo), (1 10) or (1 11). Some 
work has also been done on substrates with slight amounts of miscut 
away from these low index planes. We believe, and have very 
preliminary experimental confirmation, that the use of substrates cut 
along higher index planes, such as (2 1 l), (3 11) or (22 l), will enable 
dislocation filtering to occur even for systems with a large lattice 
mismatch. This change in behavior is due to the decrease of the angle 
between the threading dislocation and the interfaces at which the 
filtering occurs. 

The primary objective was to prove experimentally the validity of 
the concept by determining the decrease in the threading dislocation 
density with the insertion of a strained-layer superlattice. CdTe, InSb, 
and ZnTe samples were grown. GaAs(2 11) and misoriented substrates 
were used for all the materials systems. X-ray diffraction and 
photoluminescence microscopy were used to determine the dislocation 
density. Transmission electron microscopy was also performed. 
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New X-ray Diffraction Technique 

One of the difficulties with this type of study is the 
determination of the optimal SLS to achieve filtering. A rapid 
technique that can be applied to many samples is required. TEM is the 
most accurate and quantitative technique but takes several days for 
the measurement of just one sample. A new x-ray diffraction 
technique has been developed which allows the experimental 
determination of the strained layer superlattice period required to 
optimize dislocation filtering. It does not give a value for the 
dislocation density. The technique measures the x-ray full width at 
half maximum (FWHM) of a cap layer that has been grown on top of the 
strained layer superlattice. When a plot of the x-ray FWHM vs the 
superlattice period is made, a minimum is found. This minimum is 
located at the optimal superlattice period. TEM of the sample at the 
minimum x-ray FWHM has been performed and confirms the filtering of 
dislocations and the high quality of the cap material. This one TEM 
also gives a value for the minimum dislocation density. 
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MBE Growth of CdTe on GaAs (211) Substrates 

Introduction 

The initial step necessary to carry out this research was to learn 
to grow on high index substrates. The system that was studied was 
CdTe on GaAs(211). We have been successful at growing this type of 
material. Because this is a high index plane there is a tendency for 
the surface to facet. Therefore a new procedure for growth on this high 
index substrate was developed different from that for growth on (100) 
substrates. The developed procedure consists of three steps: 
substrate pretreatment (both chemical etch and anneal), growth of a 
buffer and insertion of a superlattice. 

Substrate Pretreatment 

Prior to growth by MBE a wet chemical etch is carried out in order 
to remove surface contaminants and polishing damage. For GaAs(100) 
substrates a warm 5:l:l solution of H2S04:H202:H20 is typically used. 
For GaAs(211) substrates it is essential that the etch be allowed to 
cool to room temperature before use. If the etch is still warm the 
surface is roughened due to facetting. 

After the sample is placed into the MBE system it is necessary to 
bake the substrate to remove the oxides that are present. For 
GaAs(100) this is normally done at about 600°C with an As flux. For 
GaAs(211) substrates the use of an A s  overpressure causes the 
surface to facet. We have found that baking without an A s  
overpressure can lead to a flat, unfacetted surface if the temperature of 
the bake is not too high. Once the oxide is removed the temperature 
needs to be decreased immediately or facetting occurs. 

Since the GaAs(211) face is a polar face, it was necessary to 
determine whether the A (Ga-terminated) or B (As-terminated) face was 
the best for epitaxial growth of CdTe. We have found that the B face is 
preferred. 

Epitaxy and Control of Orientation 

The epitaxial growth of CdTe on GaAs(21 l)B turns out to be quite 
interesting. This system has the capability of dual epitaxy. I t  is 
possible for both CdTe(2ll) and CdTe(331) to grow on GaAs(211)B 
substrates. In the case of CdTe(331) on GaAs(211)B the surface tends 
to be rough and facetted. Even though we have not yet been able to .get 
a smooth surface for this epitaxial orientation, the crystal quality from 
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X-ray diffraction seems to be good. In the case of CdTe(Z11) on 
GaAs(211)B the surface can be smooth. X-ray diffraction shows the 
crystal quality to be good and that a tilt exists between the CdTe(211) 
planes and the GaAs(211) planes. The amount of tilt has not been 
carefully quantified but appears to be a few degrees. 

I t  is possible to reproducibly control the orientation of the CdTe 
grown on GaAs(2 1 1)B with the correct pretreatment. CdTe(33 1) on 
GaAs(2 1 l ) B  occurs when either a high temperature anneal is used or 
when the anneal is done with an A s  flux present. A s  mentioned 
previously, both of these pretreatments lead to a rough facetted 
surface. We do not know at this time if it is possible to obtain 
CdTe(33 1) without this facetting. CdTe(2 11) on GaAs(2 1 l)B occurs 
when a low temperature anneal is used. The surface is rough in this 
case probably due to the incomplete removal of the oxide layer. If the 
growth of CdTe is begun and the substrate cooled as soon as it is 
determined by RHEED that the oxide has been removed, a smooth 
CdTe(211) layer is obtained. By far  the easiest and most reproducible 
way to obtain smooth CdTe(2 11) on GaAs(2 1 l)B is to begin the growth 
with about 20A or more of ZnTe. ZnTe does not exhibit dual epitaxy 
and always grows in the (2 11) orientation on GaAs(2 1 l)B. 

Strained Layer Superlattice Dislocation Reduction 

We have grown SLS to try to filter the dislocations present. By 
PLM we have found that it is pogsible to get a network of misfit 
dislocations in the interfaces of the SLS. This is an indication of 
dislocation filtering and dislocation density reduction. 

Two series of samples were grown on (100) and (211) with a 
CdZnTe/ CdTe strained layer superlattice inserted; The period of the 
strained layer superlattice was optimized using the x-ray technique 
described above. Both sets of samples exhibited a minimum in the 
plot of FWHM vs period. The existence of this minimum demonstrates 
a reduction in the dislocation density and dislocation filtering for both 
orientations. The value of the period at which the minimum x-ray 
FWHM was achieved was very different for the two orientations. For 
the (21 1) orientation the minimum occurred at  approximately 100 8, 
while for the (100) orientation the minimum occurred at approximately 
300 A. The smaller period needed for the (211) orientation indicates 
that less strain energy is needed to filter dislocations in this 
orientation. This is what we expected to find. These samples were 
then characterized by TEM to determine the dislocation density and to 
quantify the amount of reduction due to the superlattice. 
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TEM indicated that for both the (100) and (21 1) orientations the 
filtering was very effective only if the strain in the SLS was balanced. 
I t  also showed that the amount of filtering between the two 
orientations did not vary significantly. This disproved our initial 
hypothesis. 
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InSb Growth by MOCVD 

InSb was grown by MOCVD on oriented and misoriented InSb and 
GaAs. On InSb substrates the surface morphology of the grown InSb 
was found to be very rough for growth temperatures 1425OC. This 
surface roughness is associated with low temperature and excess Sb of 
high Sb to In ratio. Smoother surfaces were found when using the 
proper misoriented substrates. The details of the surface defects 
observed was dependent on the type of misorientation used and is 
related to the atomic structure of the surface steps. The smoothest 
surfaces were obtained for growth on InSb substrates misoriented 5' 
towards the < 11 1>In planes. Similar experiments were carried out for 
the growth of InSb on misoriented GaAs substrates. Little or no 
improvement was found for material grown on GaAs. We believe that 
this is due to the small amount of misorientation used. 
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Conclusion 

A new x-ray diffraction technique has been developed to rapidly 
optimize the SLS to provide the maximum dislocation filtering. This 
technique, along with TEM, has been used to demonstrate dislocation 
filtering in CdTe grown on GaAs in both the (100) and (211) 
orientations. The amount of filtering between the two orientations was 
found to not vary significantly. 

InSb has been grown by MOCVD onto oriented and miscut InSb 
and G a s .  Significant improvement is found for the lattice matched 
InSb case. Little or no improvement was found for material grown on 
GaAs. We believe that this is due to the small amount of 
misorientation used. 
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