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Annual Report of Progress
February 1,1990 - 31 January 1991

Accomplishments in the past year have been made in the detection of gas
phase arsenic species by laser-based methods (both laser-induced fluorescence and
multiphoton ionization). These include state-resolved prbbing of As;, the kinetics
of desorption of As; from Si(100), studies of the interface between Ga and As on
Si(100), and in laser desorption measurements of surface migration rates. Each topic
will be summarized briefly below. No inventions have resulted from this work. \
We considered the possibility of a patent on the As; detection schemes, but
determined that there is too much information already in the open literature which
preceded this work.

We have devised an accurate method to probe As; dimer species, which can
be used to measure fluxes from molecular beam sources or to interrogate desorbing
or scattering material in the epitaxial growth process [J. Vac. Sci. Technol. B 8, 416
(1990)]. By utilizing calibrations of intensity factors in a heated cell of As; vapor, we
can also measure reliably the vibrational population distributions of Asz(v).
Qualitative information can also be obtained for the rotational distributions. The
method uses laser induced fluorescence (LIF) detection of As; at 230-250 nm in the
ultraviolet on the A X} - X 'Zf band. The technique is sufficiently sensitive to detect
a fraction of a monolayer of arsenic upon desorption from a substrate.

We have also demonstrated a laser multiphoton ionization (MPI) time-of-
flight (TOF) mass spectrometer detection scheme to observe As, As;, As3, and Asy
simultaneously. * short wavelength ultraviolet laser is focused into the flux of

desorbing arsenic species. caucing ionization by 2 ard 3 phicici aUsdiption processcs.




2.
The ions are swept into a long flight tube by electric fields and the masses are
detected by their arrival time. An important part of the design is a novel
configuration which allows the TOF mass spectrometer to surround the substrate
used for epitaxial growth. Unfortunately, the MPI process also produces fragments
of neutrals and ions, causing the relative abundances of As, As;, As3, and Asy to be
altered. We are presently making a change to overcome this problem. The laser
used will be a vacunm ultraviolet source at 118 nm by frequency tripling 355 nm
(3rd harmonic of Nd:YAG), thus allowing gentle single photon ionization of the As,
species.

We have completed a study of the vibrational distribution of As; desorbing
from Si(100). The vibrational temperature is 860 + 130 K, while the surface
temperature is 1140 K; this suggests a dynamical effeci in the desorption process. An
example would be the necessary utilization of vibrational energy to overcome the
barrier to desorption of the As;. We have also measured the desorption kinetics of
As; from Si(100). The desorption kinetics are best fit by a second order process,
however the measured activation energy and pre-exponential factors are unusuclly
low,E=17+03eVandv=102ML1s1 (1 ML = 6.8 x 10" atoms/cm?). We are in
the process of making more measurements to confirm these results. A simple bond
energy picture suggests that a single As - Si bond is ~1.3 eV, if the As atoms each

make 2 bonds to Si and one bond to another As atom.

We have completed a very thorough study of the GaAs interface, grown with
a prelayer of As on Si(100) and with varving coverages ~f Ga on top of the As

prelayer [J. Vac. Sci. Technol. B 8, 1102 (1990)]. The results show evidence for a true
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compound interaction between the Ga and As species, but also show that there is a
strong tendency for island formation in the early stages of the heteroepitaxy. The
island formation creates large numbers of microcrystallites, which are reported in
the device fabrication studies.

We have made an initial investigation of the use of a two laser technique to
study surface migration rates. This type of study will be very important, for
example, in migration enhanced epitaxial growth. One laser is used to desorb atoms
from the surface, indium for example from Si(100). A second laser probes the
concentration of desorbed atoms. After a delay time, the process is repeated to
determine the amount of In that has migrated into the interaction zone of the first
laser. The method has been shown te work, and current efforts are underway to
obtain quantitative results for migration rates and to probe the mobilities of one

species in the presence of the other.
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