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One-Electron Broken-Symmetry Approach to the Core-Hole Spectra of Semiconductors
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It is shown that in contrast to band theory, a self-consistent one-electron model with

broken symmetries (crystal orbitals are not constrained to be Bloch periodic) provides

a physical description of core-ionization, core-exciton, and core-to-conduction-band
transition energies in semiconductors. Application to GaP shows that a hitherto unrec-
ognized factor —the screening of the core-hole self-energy by the electron orbit —can
explain many of the outstanding puzzles in core-hole spectra.

PACS numbers: 71.35.+z, 71.50.+t, 78.20.-e

With the recent advent of continuous-radiation
light sources in the far uv, core spectroscopy
has become a major characterization technique
for studying the electronic structure of bulk' '
and surfaces' of semiconductors. Experimental-
ly, the core-exciton binding energy b has been
defined' ' [c.f., Figs. 1(b) and l(c)] as the dif-
ference 5=Ec c&B- E,„between the core (C)-to-
vacuum ionization energy E c cB~ [referred to the
relevant conduction-band minimum (CBM) ] and
the lowest optical excitation energy F-,„ from a
core level to a final electron orbit (exciton state).
Ec zB~ is determined by adding the value of the
optical band gap E, to the spin-orbit-corrected
core-to-vacuum ionization energy Ec vB~ [ref-
erred to the valence-band maximum (VBM)], as
measured in photoemission. ' The detailed data
on a wide range of heteropolar semiconductors' '
present some intriguing puzzles. First, the
measured values of 6 for cations, e.g. , GaP
[0.238+ 0.1 eV (Ref. 2, 4) or 0.6 eV (Ref. 1)J, InP
[)0.27 eV (Ref. 3)], PbSe [1 eV (Ref. 6)], is -10
times larger than that of valence excitons or
donor impurity levels which evolve from the
same conduction-band extrema. ' A broad range
of shallow-donor tight-binding" and
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sistent calculation for core-hole excitations in
GaP, treating directly screening, polarization,
and relaxation effects for both the core hole and
the electron gap states. It explains the paradox-
ical features of core-hole spectra in semicon-
ductors by a hitherto unrecognized effect~he
reduction 6, in the core-hole self-energy in exci-
tation relative to ionization through additional
relaxation-polarization by the electron orbit.
Hence,
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variations 5,(E) in the core-hole self-energy.
The model provides simple rules for estimating

chemical trends in 5 from information about q(F).
It explains why surface-cation core excitons have
a larger binding energy than in the bulk' in terms
of the strong cation character of the dangling-
bond electron states. In contrast, this theory
predicts that anion core excitons will be shallow-
er (5 = li,) when the final orbital has little ampli-
tude on the anion (e.g. , the I;, state). This is
consistent with the absence of Sb (4d) core exci-
tons in GaSb (Ref. 7a) and As (Sd) excitons in
GaAs, ' in contrast to the rather deep cation
core excitons in these systems. Likewise, the
large excitonic shift of the X, point in InP rela-
tive to GaP (Ref. 3) can be naturally explained
by the larger cation content of the wave function
in the former case.
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