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Two major areas of disagreement exist. First, we believe that the D3I, symmetry about the nitro-

gen atom precludes the existence of a 2p, lone-pair orbital there. Second, we believe that proper
deconvolution of the Si 2p x-ray photoemission spectrum requires the use of doublets of fixed area
ratio and fixed energy separation.

In a recent paper, ' Karcher, Ley, and Johnson carried
out a large and detailed photoelectron study on amor-
phous silicon nitrides, covering both core and valence lev-

els. These data were then used to interpret the chemical
structure and bonding in such materials. Our own interest
stems from the fact that we, too, are carrying out such
studies.

While we can only admire the scope and extent of the
experimental work, we must take issue with the way in
which these data have been interpreted. Two major areas
of disagreement exist: the authors' claim of the existence
of lone-pair electrons on the nitrogen atom and the in-

complete deconvolution of the Si 2p spectra.

THE EXISTENCE OF LONE-PAIR ELECTRONS
ON THE NITROGEN

As Kircher et a/. point out, c-Si3N4 does indeed have
D3h symmetry about the nitrogen atom. However, con-
trary to their argument, this does not indicate that the
highest occupied states are thus N 2P, lone-pair orbitals.
To understand this, one must note that the pyramidal
structure of ammonia, with the hydrogen atoms lying in a
plane below the nitrogen atom, is due to electron repulsion
between the electrons in the N—H bonds and the 2p, lone
pair lying above the nitrogen atom and perpendicular to
the plane of the hydrogen atotns. On the contrary, the
low-molecular-weight analogue of Si3N&, trisylyl amine, is
planar about the nitrogen atom; this D3~ symmetry is
due to the fact that the lone pair is not localized on the ni-
trogen atom. Rather, these electrons have been delocal-
ized into the silicon atoms through Si 3dm~N Zpm bond
formation. ' That is, the planarity about the nitrogen
atom is due to the fact that there are no lone-pair elec-

trons localized there to repel the other bonds or to func-
tion as a Lewis base. This is so for Si3N4 as well. Thus,
the interpretation of Karcher et al. , that the band at the
valence-band maximum seen in the ultraviolet photoemis-
sion (UPS) spectrum is due to the N 2p lone pair, is in er-
ror, as are the prior data upon which this conclusion is
based (Refs. 21 and 51 of Karcher et al. ').

THE DECONVOLUTION OF THE SILICON 2p SPECTRA

As with any such p-orbital spectrum, that for Si 2Jt is
made up of two components, 2@3/i and 2P»2 in order of
increasing binding energy, whose populations are in the
ratio of 3:2 and whose peak-to-peak separations are 0.63
eV.6 Thus, peak deconvolution must occur through the
use of doublets of fixed area ratio and fixed separation.
This was not done by Kiircher et al. , although they did
allow for some asymmetry in the line shape and assumed
that the linewidths for all silicon species would be as nar-
row as that for elemental silicon. This assumption has
not been found to be true for most oxides.

%'e can suggest an alternative deconvolution and ex-
planation of the x-ray photoemission spectroscopy (XPS)
data, based on our own results. These were obtained on
samples deposited in an SiH&-NH3 plasma and subse-
quently exposed to atmosphere. As seen in Fig. 1, the en-
velope is almost identical to that found for "SiNi ~" by
Karcher et al. , in spite of the fact that they took precau-
tions to prepare, transfer, and measure their samples
under ultrahigh-vacuum conditions. Their spectrum also
exhibited a minor peak near 99 eV binding energy, which
we attribute either to elemental silicon or silicon hydride.

Successful deconvolutions of our Si 2p envelopes were
invariably accomplished using only two doublets each,
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with full widths at half maximum of 1.4 and 1.5 eV,
respectively. Under our conditions of manufacture, one
doublet had a 2p3/2 peak maximum at 101.5+0.2 eV and
the other at 102.8+0.2 eV. These values were insensitive,
within the error quoted, to substantial variations in reac-
tant ratios. For reference purposes, the 2p3/i line position
for crystalline elemental silicon was 99.3 eV.

Using recent XPS data measured on pure silicon com-
pounds, s'9 one may assign our peak near 103 eV to SiOi
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FIG. 1. A typical deconvoluted Si 2p envelope of a sample of
a-SiN„:H plasma deposited from a SiH~-NH3 mixture.

or to silicon oxynitride which our variable takeoff angle
data indicate is located near the surface. This is con-
sistent with our previous findings for atmospheric expo-
sure. ' The peak near 101.5 eV may be identified with ei-
ther SisN4 (Ref. 11) or a lower oxide of silicon with 2
Si 0 bonds.

While the binding energies for SiOi given in the litera-
ture are slightly higher than that given here, the differ-
ence is accounted for by our measurement of a single
component rather than the averaged position of the Si 2p
doublet, as well as differences in energy referencing. 9 If
SiOi were the only surface species present, it would ac-
count for a major fraction of the total measured oxygen,
with the remaining oxygen bonded to a portion of the sil-
icon observed at 101.5 eV. The remaining silicon is as-
sumed to be bound to nitrogen and the Si-N ratio is calcu-
lated to be 1.0+0.1. If the surface layer were totally oxy-
nitride, the Si-N ratio would be 0.8+0.1.

The invariability of the peak positions suggests that, at
least under our conditions, only a limited number of ma-
jor species are identifiable at the outer surface of deposit-
ed a-SiN~:H. In this context, one Anal thing should be
noted concerning the prior structural data' ' used by
Karcher et al. which indicated local order identical to
that in c-SisN4. those samples had their surfaces removed
by diamond grinding prior to use. Thus, while bulk a
SiN„:H may indeed resemble c-Si&N4, the surface, which
is the region sampled by the XPS and UPS techniques
used by Karcher et al. , is substantially different.
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