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Core-level Si 2p photoemission spectroscopy has been used extensively to
explore the structure and reactivity of the Si/SiO, interface, a key component
of microelectronic devices. However, beginning in 1993, a series of experiments
was published in which the binding energy shifts of Si 2p core-levels were
measured in a set of model interfaces derived from the clusters HSi,O,,,
H,,8i,,0,,, and H,,Si,,0,, (Figure 1)." The photoemission features labeled A, B,
C, and D refer to the H-Si, Si-SiO,, Si-Si0O,, and HSiO, fragments respectively.
The results of these experiments could not be reconciled with the almost
universally accepted “formal oxidation” state model generally applied to
interpret binding energy shifts at the Si/SO, interface.>®* Recently, another
model system derived from the reaction of silatrane (HSi[CH,CH,],N) with
Si(100) has given similar results.® In addition, it was demonstrated that
reactions involving H radicals at the interface could easily be interpreted in the
light of the recent cluster-based model studies, but could not be explained using
the formal oxidation state model.®

These studies have raised many questions regarding the correct interpretation
of Si 2p core-level photoemission studies.” Recently, several group have
addressed the issue using ab initio theoretical studies. Kageshima and Tabe
have published a series of papers in which the binding energy shifts of the
silicon atoms are calculated using a non-empirical self-consistent band
method.? Similarly, Pasquarello, Hybertson, and Car (PHC) initiated a series
of ab initio density functional calculations aimed at developing a firmer
theoretical understanding of the observed Si 2p binding energy shifts.® Both
group’s calculations clearly support the formal oxidation state model, and at
the present, cannot explain the results obtained in the cluster-based model
experiments.

The current impasse between theory and experiment on Si 2p core-level shifts
extends to all aspects of the interpretation. Current disagreements involve the
effect of the initial state or coordination sphere of the silicon, the final state or
ability of the matrix to stabilize the positively charged core-hole state, and
extrinsic effects such as charging.?*4"9
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Figure 1. Si 2p core-level spectra of model silicon/silicon oxide interfaces
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The correct interpretation and understanding of Si 2p core-level spectroscopy
is important both in a fundamental sense, and in a practical sense for the
interpretation of the structure and reactions taking place at thin dielectric
layers. To help facilitate an understanding of the current problems, we will
present on overview of experimental and theoretical results published to date.
The evidentiary foundations of both the traditional formal oxidation state
assignment method and the new approach based on the model interfaces will
be discussed. In the context of the discussion, recently obtained results on new
silicon oxide cluster systems will be presented. In addition, a recent study in
which we have been able to remove initial state effects from consideration,
allowing us to directly measure the magnitude of final state and extrinsic
effects on the binding energy shift, will be discussed.
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