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OBJECTIVE: The objective of this work s to extend our knowledge of the bulk and surface electronic
structure of 11]1-V semiconductors, and their {nterfaces with metals, insulators, and other semiconduc-
tors, and to develop their application to a variety of electronic and cpto-elecrronic device struc-
tures. -

APPROACH: - Qur approach is to start with atomically cleen semiconductor sg"saces. often rrepared by
cleaving single crystals in situ under ultra-high vacuum (pressure = 10 torr) conditions. Surfaces
may also be prepared by fon sputtering, heat clesning, laser treatment, etc, These surfaces are then
fully characterized by a variety of techniques, ircluding: angle-resolved and angle-integrated ultra- 1
violet (UPS) and X-ray (nPS) photoelectron spectroscopies (often using synchrotron radistion as the
11ght source), Auger electron spectroscopy, 1ow energy electron diffraction, contact potential differ-
ence measurements (using the Kelvin probe method), and photoluminescence. The chemical, electronic,
and structural interactions of the semiconductor surface with adsorbates may then be studied by expos-
ing the clean surface to gases or to atomic or molecular fluxes of some other substance. These expos-
ures may be carried out on heated or cooled substrates, under laser irradiation, or {nfluenced by a
variety of other controlled perturbations.
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(‘ PROGRESS: Atlthough our work procedes on several fronts, in this summery we highlight three bread areass.
e tleboration on these areas and delineation of our other efforts may be found in the publications
1isted below, and in our recent renewal proposal to the ONR.

Mechanism of Oxygen Chemisorption on GaAg
For both hu?ﬁamental ans practical reasons, we consider it very important to obtain a definitive

or
understanding of the chemisorbed phase of oxygen on GaAs. This is the phase obtained with unexcited
oxygen characterized by » completely resolved 2.9 eV As-3d shift and an asymmetric broadening of the
Ga-3d peak with a shift of at most 0.7 eV. These shifts correspond to those obtained by Goddard's
?roup (1) for oxygen attached to a surfsce As without breaking any back bonds. This was also our orig-

nal suggestion for the chemisorbed oxygen. Problems with this model fnvolved the dynamics of the
break-up of the 0, molecule.

Goddard et a? (2) and Mark et &) (3) suggested that this was done at defect sftes with the oxygen
uptake spreading outwsrd from these sites, Our recent work shows that this is not the case, In addi-
tion, we have given definitive evidence that the model of Brundle et al (4), which assumes that there
1s no chemisorbed state -- only clusters of As,0. and G2,0. -- is not correct. Finally, we have new
evidence for a second major adsorption site thra. in ada'l%ion to an oxygen bonded to an As, there is

. an oxygen bridging between that As and & next nearest Ga (5).
Essential to arriving at these conclusions have been extensive experiments. These experiments
-7 have {ncluded the development of new valence band spectroscopy in which very low concentrations of ad-
sorbed oxygen can be detected (0.001 monolayer) (5), thermal desorption, studies of the valence bands
of Ca 03 and Aszo . and adsorption of oxygen on d{sordered sputtered Ga-rich GaAs (110) surfaces. This
work qs part of tﬁe Ph.C. thesis of C.Y. Su, and will be published soon.

Mechanism of Adsorption of Column 111 and V Elements on GaAs

We have found that the column I11 elements do not bond "atomically", as pred‘cted by all theorists
who had constdered this problem (6-9). This now appears to be accepted. This leaves open the very im-
portant question of how the metal is bonded to the surface. Recent theoretice] esiimates of the bind-
ing ener?y of column 111 elements to the surface by A. Zunger and W, Goddard et al for somewhat differ-
ent models give a relatively small value of about 0.5 eV. From our work and the available calculations
of column I11 molecules or two-cimensional islands on the surface, it is clear that metal-metal inter-
actions are comparable to the importance of the metal-GaAs interaction.

It fs clear that Sb (column V) forms an ordered overlayer. Skeath and Goddard have proposed de-
tailed models (10). We intend to use angle-resolved photoemission to distinguish between these. :

LEEC work on column 111 and V overlayers has been carried out by our group in collaboration with ]
A. Kahn of Princeton University. 1t has been definitively established that Brillson’s report of or-
dered Al on GaAs at room temperature was fncorrect (11). Additional studies have been made of the Sb
on GaAs system, and this project has been turned over to Kahn. Duke et al are analyzing Kahn's data.
At the present, Duke favors a model fn which unconnected Sb, molecules are adsorbed on Ga sites. This
model has been considered and discarded by Skeath and Narr1gon on the basis of bond{ng considerations. ;
Again, angle-resolved photoemission will be used to help distinguish between this mode! and others. i
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Comparison of Our Work with that of Others

In general, very satisTactory sgrcoment is obtained between our work and that of others. Previous
disagrecinent between our work and that of Brilison et al (12) had caused some condusion; this lias recent-
ly been resolved (13). Most significant {s the agreement obtained by Monck and Gant (14), who measured
the contact potential difference changes of a GaAs surface as o function of temperature, thereby locat.
ing the defect Tevels in energy and determining their density. :

In their work, 8rilison and co-workers used contact potentisl difference (Kelvin probe) and surface

" photovoltage (SPV) measurements to study metal-semiconductor interfaces. They conclude that Fermi level
stabilizetion occurs over several monolayers of metal deposition, in conflict with our photoemission
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