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The interface between near stoichiometric hydrogenated amorphous silicen nitride (4-8ilN_:H)
deposited on hydrogenated amorphous silicon (¢-8i:H) is studied using x-ray photoelectron
spectroscopy as a function of the electron escape angle. This method allows the study of
a-SiN_ :H overlayers of about 40 A thickness which is typical of the thicknesses used for well
and barrier layers in superlattices and guantum well structures. Within the instrument’s
resolution, subnitride components constitute less than 1% of the interface bonds. It is therefore

concluded that the interface is atomically abrupt.

The electronic and optical properties of amorphous
semiconductor superlattices'  and quantum well structures
depend on the quality of the heterojunctions between the two
amorphous semiconductor materials. The most extensively
studied are superlattices, quantum well, and multiple quan-
tum well (MQW) structures formed by alternating layers of
hydrogenated amorphous siticon (a-Si:H) and hydrogenat-
ed amorphous silicon nitride (¢-SiN,:H). For example,
quantum size effects,”” resonant tunneling,*’ photoinduced
enhanced conductance (PIEC),* and photoconductance’
have been observed in such structures. The a-Si:H/
a-SiN | :H interfaces can be studied in superlattices by trans-
mission electron microscopy (TEM) or x-ray diffrac-
tion.'*"! Recently, Yang et ¢l.'>"? used photoelectron spec-
troscopy (PES) to show that this interface is atomically
abrupt. Their approach consisted of growing several samples
with thin overlayers (<10 A) of a-Si:H or ¢-SiN_:H grown
on the complementary bulk material and studying these, asa
function of overlayer thickness, with PES.

In the present letter, x-ray photoelectron spectroscopy
(XPS) results are presented for a samiple consisting of a near
stoichicmetric ¢-SiN_ :H overlayer, approximately 40 A
thick as determined from the growth rate, grown on bulk a-
Si:H by glow discharge. Instead of producing several sam-
ples with different overiayer thicknesses, the interface of a
single sample is probed by collecting data for different elec-
tron escape angles. This approach allows a better determina-
tion of the interface guality since the same interface is stud-
ied at different angles and is therefore not subject to inherent
variability between samples. The XPS method uses higher
energy photons (Mg Ko« x-ray source: 1253.6 ¢V) than the
PES method (UV light: 125 eV} used by Yang ef a/. The
electron escape length from XPS measurements is therefore
longer and allows one to probe a deeper interface ( > 40 A)
while the PES method is limited to samples with overlayer
thicknesses of about 10 A. The thicker overlayer is more
representative of actual conditions in superlattices, whereas
very thin overlayers may be more sensitive to strain induced
by the underlying bulk material.

A brief exposure to ambiant air causes oxidation in the
first few monolayers of the samples. This is critical in PES
measurements since this oxidation represents a large part of
the overlayer and would complicate, or even prevent, the

interpretation of the data. To circumvent this problem,
Yang ef ¢f. transported their samples directly from the reac-
tor to the PES chamber vnder ultrahigh vacuum so as to
prevent any exposure to air. On the other hand, surface oxi-
dation is not a problem in XPS studies since the region which
is probed lies well below the first few monolayers. When the
exposure is limited to a few minutes, X P8 studies allow for
siraightforward characterization of the chemical bonding at
the interface between the thin overlayer and the bulk materi-
al.

Figure ! shows the spectra obtained when the 5i 2p core
levels are probed as a function of electron escape angle « for
the ¢-SiN_:H/a-Si:H interface. For every angle, two peaks
are clearly distinguished. The peak at lower binding energy
( — 99.5eV)isduetothe Si 2p core level of Si bonded to four
Siatoms (Si—8i, ) while the other peak ( — 101.9eVY)isdue
to the chemical shift of the 2p level when Si is bonded to four
M atoms {Si—MN, )."* This chemical shift comes from local
charge transfer due to the electronegativity difference
between Si and N atoms. The 2p core levels are doublets
constituted of the P,,, and P;,, peaks, separated by 0.6 eV,
which cannot be resolved in our spectrometer. In principle,
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FIG. 1. XPS spectra as a function of electron escape angle. The peak at the
lower binding energy ( -~ 99. 5 eV) is the 2p core level associated with Si
bonded to four Si atoms while the peak at the higher binding encrgy
( — 10L.9 eV represents the 2p level associated with 8i bonded 1o four N
atoms, The widening of the 60° peak is indicative of surface oxide contamin-
ation.
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the 2s core levels, which are singlets, should therefore be
easier to fit. It turns out that the Zs peaks are, however, wider
than the 2p level peaks and are less well resolved.

Figure Z shows a typical spectrum (at ¢ = 0°) which
has been fitted using the two 2p core level peaks and impos-
ing that the chemical shift, the full width at half maximum
(FWHM), and the Gaussian—Lorentzian mixture be kept
constant throughout the analysis at all angles. These restric-
tions help make the fts self-consistent since no XPS fits are
absolute. The two peaks are added to reproduce the envelope
spectra as shown by the continuous line through the spec-
trum of Fig. 2. This analysis was repeated for all angles. For
larger o, the presence of surface oxide was observed on the
samples, as evidenced by the widening of the 60° peak on Fig.
1, and a peak with a chemical shift 0of 3.2 eV was included in
the analysis for @ >40°. Thus, even though all of the oxygen-
ated species, from N, -8i-0 to $1-O,, are expected to be pres-
ent in native oxide, the chemical shift per Si— N bond (.55
eV) determined here and that of 0.93 eV per Si-—O bond,
previously determined in our iaboratory,'* indicate that
N-Si-0, is the dominant oxinitride. It is important to note
that subnitride components were not observed in any spec-
tra. ¥f these components had been present, additional peaks
would have been observed on the spectra between the Si-Si,
and the Si-N, peaks.'® When the escape angle is increased,
the probed region under the interface diminishes and any
subnitride compeonents present would represent an increas-
ing propottion of the spectrum intensity. The fact that such
peaks were not observed, even at higher escape angles, is
therefore significant. Since peaks can be observed when their
intensity is about one percent of the total intensity, it can be
conciuded that less than 1% of the observed peaks are hy-
brids of Si bonded to one, two, or three N atoms and the
complementary Si atoms. In XPS, about 10-15 atomic lay-
ers are probed at any one time. Hence, if less than 1% of the
bonds are hybrids, then the interface is atomically abrupt.
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FIG. 2. Typical XPS spectrum at « =- §° showing the peaks associated with
Si bonded to four Si atoms { - 99.5 ¢V) and Si bonded to four N atoms
( - 101.9 £V). The two fitted peaks (shown by the continuous lines) are
added together to reproduce the envelope spectrum shown by the contin-
uous line through the spectrum. The inset shows the spectrum obtained
after Ar ' sputtering. The Si-8i peak is still present in this spectrum but
subnitride components are now clearly present between it and the 8i-N peak
thus indicating that the interface has been destroyed.
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Argon sputtering of the sample completely destroyed
the a-SiN _ :H/e-Si:H interface as can be seen on the inset of
Fig. 2. Note that the 8i-Si, and the Si-N, peaks are no longer
resclved in the broad featureless peak. This can be explained
by the fact that nitrogen is sputtered preferentially and forms
subnitride components around the interface.’® This is aiso
consistent with the fact that the interface is abrupt since hy-
brid bonds are then dorminani over the probed region.

The spectra of Fig. 1 display the variation in the relative
peak intensities as a function of . The peak heights have
been normalized to bring out the differences and charge ef-
fects have been accounted for by comparing the peak binding
energy with the binding energy of the carbon peak and shift-
ing their positions accordingly. XPS studies as a function of
angle a allow for the determination of the thickness of a thin
uniform overlayer.'”'® This thickness is determined from
the relative intensities of the substrate and overlayer peaks,
obtained from the fits to the spectra, by fitting with an appro-
priate theoretical maodel.

et 7, and [ he the intensities of the substrate and over-
layer peaks, respectively. Then, if we assume the escape
lengths to be the same in ¢-8iN:H and o-8i:H (these are
guite close in practice) the relative intensities should be giv-

en by
L L expl—d/(Acosa)] -
i ILi,t—expl —d/(Acosa)}

where d is the overlayer thickness and A is the electron es-
cape length. The escape length in ¢-SiN, :H can be deter-
mined from the following empirical relation'”
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where £, is the photoelectron energy in eV and @, the atom-
ic radius of the molecule in nm. ¢, can be estimated from the
density and composition of the nitride layer. Assuming a
nitride composition close to 8i; N, which agrees with the
composition deduced from 8i-N, Zp and ¥ 1s peak intensi-
ties and corresponding atomic sensitivity factors, it was esti-
mated that A was sbout 14 A. Figure 3 shows the relative
intensities of the 8i-8i, peak (substrate) over the 8i-N, peak
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FIG. 3. Relative intensities of the peaks associated with 81 bonded to four St
atoms [, over Si bonded to four N atoms J,. The data points are obtained
from the fits to the XPS spectrz and the continuous line s the fit abtained
from Eq. (1}.
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{overlayer) along with the fit from Eq. (1). The fit is in
excellent agreement with the data and gives an overlayer
thickness of 38 A ( +3 ;X) in agreement with the thickness
determined from the deposition rate assuming a steady
growth rate. This indicates that the peak analysis was carried
out consistently.

In this letter we have shown that XPS measurements as
& function of angle, obtained from a single sample, can probe
the interface between ¢-SiN, :H and ¢-Si:H for overlayer
thicknesses typical of those frequently encountered in super-
lattices and quantum well structures. From the analysis we
determined that subnitride peaks constitute less than 1% of
the total spectrum intensity indicating that these compo-
nents form much less than a monclayer. Ar™ sputtering
destroyed the interface and the fit of a theoretical model gave
the expected overlayer thickness thus indicating that the
analysis was carried out consistently. Therefore, the overall
analysis supports the presence of only two peaks and we
conclude that the interface is atomically abrupt.
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