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,For the period from August 1, 1984 to July 31, 1985, the present project

enters its second year of research.. Our main goal is the first application of

.the extended x-ray absorption fine structure (EXAFS) technique to the measure-

ment of microscopic structure in semiconductor superlattices. Due to the lack

of long range order in the growth direction, as well as the presence of several

different atomic species in this class of modulated-structure semiconductors,

the conventional diffraction technique is not very useful for probing the local

structural properties. .On the other hand, the EXAFS technique offers element

selectivity and is more sensitive to short range order, it can therefore be

used to obtain some unique information about the superlattices and hetero-

structures. Our experimental results have successfully demonstrated, for the

first time, that such an approach is.indded possible, and we have already

obtained valuable structural information about InAs-AkSb superlattices,

InxGaiAs/InP heterostructures grown by MBE and LPE methods, and InAs/GaAs

heterojunctions.

The InAs-AZSb superlattices were prepared at IBM by our collaborator

Dr. Leroy L. Chang using the MBE technique. The EXAFS experiments were performed

at the Cornell High Energy Synchrotron Source (CHESS). Our results have

provided the first measurement of. the In-As interatomic distance in the growth

direction and local order in the InAs layers. By using the highly polarized

beam from synchrotron radiation, we have determined a 20% anisotropy in the

electron mean free path in the InAs films. For the InxGaI As/InP hetero-

structures, we have shown that EXAFS spectra can be used for structural

as well as chemical characterization. In particular, we have found that Vegard's

law is not valid in these heterostructures. For the InAs/GaAs heterojunctions,

our EXAFS results provide the first direct measurement of strain in an InAs

50 thin film as a consequence of lattice mismatch between InAs and GaAs.
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This suggests a very useful method to determine the lattice strain in strained-

layer superlattices, an area of considerable recent interest for the develop-

ment of new superlattice materials and electronic devices.

Our research work on the application of EXAFS to semiconductor studies

has also attracted attention of the industry. The same method we used to

investigate superlattice structures can also be employed to study impurities

in semiconductors. Both IBM and Philips Laioratories have shown interest in

using the EXAFS techniques for studying various semiconductors directly

related to device applications. Joint experiments are already underway. This

indicates that ONR-sponsored university research has shown an impact on

industrial developments.

The results obtained in the past are more of an exploratory nature which

are of course important for confirming the feasibility of applying a new

technique to material studies. Now that we have successfully demonstrated the

usefulness of the EXAFS technique in semiconductor research, our plan for the

immediate future is to carry out systematic measurements uf lattice strain as

a function of film thickness in some heterostructure. It will be very

interesting to correlate the measured strain with" changes in band structure

in a series of strained-layer superlattice. A set of InAs/GaAs samples has

already been made by our IBM collaborator. EXAFS measurements of these samples

will begin in the near future as soon as we get a scheduled beamtime for

synchrotron radiation.
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