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Scientific description.  The ultimate goal of this project is to improve the activation and reliability of indium phosphide (InP) based negative electron affinity (NEA) night vision devices.  The path we have chosen to use is to develop a detailed understanding of the composition, chemical state and atomic structure of the InP (100) surface at each process step during NEA activation.  The initial work has focused on the pre-activation cleaning of the InP (100) substrates and as well as the practical cathodes.  These surfaces were studied by synchrotron radiation photoelectron spectroscopy. Different chemical solutions were used to clean the InP(100) substrate and the surface species were monitored at each cleaning step. It is found that the standard, well-known GaAs cleaning solution containing sulfuric acid and hydrogen peroxide will leave a sufficient amount of oxide on the surface that it cannot be removed during subsequent heat treatment.  Therefore, we found it necessary to add either a hydrochloric acid or sulfuric acid etch to remove this surface oxide as well as most of the carbon, resulting in a surface with about 0.5 monolayer of elemental phosphorous.  This elemental phosphorous can subsequently be removed by a low temperature vacuum anneal, resulting in a clean surface equivalent to what is routinely obtained with GaAs. 

Relevance to counter terrorism.  NEA photocathodes are the heart of night vision devices.  In an effort to permit the use of active infrared illumination that is eye-safe, new devices based on InP have recently been developed.  However, the processing technology needed to create NEA surfaces using InP is at its infancy.  Therefore, it is important to develop processes that yield devices of comparable robustness and efficiency to their GaAs counterparts.  GaAs based night vision devices are used in the current state of the art night vision goggles, which are routinely used in military operations, and have very well developed processes and meet all the relevant performance specifications.  This work is being done in collaboration with Intevac Corporation, which is the world leader in NEA photocathode applications.

