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interface, which may or may not be desirable for optimu
device properties. The use of substrates other than Si
also affect the oxide thickness. The RBS thickness error
estimated by curve fitting usingRUMP software.6 Analysis
suggested an upper limit of 7% for N in the AlO:N. The AE
and EDAX compositions, calibrated using polycrystalli
Al 2O3 gauge standards, showed a 2:3 composition ratio
Al and O in the AlO:N layer, implying Al2O3 with a trace of
N (,10%), in agreement with RBS. Most of the N from th
AlN escaped during oxidation.

XRD measurements were performed at room tempe
ture using a Phillipsu/2u powder diffractometer with Cu
Ka radiation. Some AlO:N films had broad, featureless x-
spectra and were considered microcrystalline or amorph
whereas some had peaks in the 30°–60°~2u! range, as
shown in Fig. 2, corresponding to tabulated values
a-Al2O3, and these films were considered polycrystallin
One AlO:N sample showed a broad, low intensity~202! peak
at 2u545.76°, with grain diameter of;3 nm estimated us
ing Scherrer’s formula,7 and another with different AlN
deposition conditions had two x-ray diffraction peaks, as
Fig. 2, with;40 nm grains. The AlO:N structure depend
on the structure of the as-grown AlN films: microcrystallin
AlN oxidized into amorphous AlO:N layers, and AlN havin
stronger XRD peaks oxidized into polycrystalline AlO:N.

Figure 3 shows an AFM scan of the AlO:N surface
air, performed using a Topometrix Explorer instrument. T
rms roughness was;1.2 nm, smaller than that of the a
grown AlN ~rms;4 nm!. Oxidation caused distinct change
in the morphology: the as-grown AlN surface appea
granular, with grain diameters of;68 nm; the oxidized sur-
face appeared featureless, with small undulations perh
caused by expansion of the surface with incorporation o
during oxidation.8

To assess the densities of the defect states and
charges in the composite AlO:N/SiO2 oxide system, room-
temperature capacitance versus voltage (C–V) measure-
ments were performed at a frequency of 1 MHz using 3
mm diam Al metal contacts 300 nm thick. Figure 4 shows
C–V curve for an Al/oxide/Si structure having oxide su
layer thicknesses of 455 nm for the Al2O3 and 170 nm for the

FIG. 2. X-ray diffraction spectrum of AlO:N oxide~sample No. 81705!,
with two peaks at 37.8°, and 43.3° in the 2u diffraction angle, which corre-
spond to the respective peaks of the~110! and ~113! planes ofa-Al2O3.
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SiO2. At large negative voltages, the capacitance satura
indicating accumulation. Near 0 V, the capacitance
creased, indicating depletion. Similar behavior had been
viously observed by Schubertet al.3 with oxidized AlAs. To
calculate the dielectric properties, the capacitance per
area at the maximum~accumulation! Cacc, and the minimum
~inversion! Cinv , were analyzed using the following equa
tions:

Cacc5
eox
tox

, Cinv5S toxeox
1
Wdep

es
D 21

,

whereWdep5(2esEg /e
2NA)

1/2 andeox andes are the electric
permittivities of the oxide and the semiconductor,e is the
magnitude of the electron charge,Eg is the band gap of Si,
andNA5531015 cm23 is the Si substrate acceptor conce
tration ~from four-point-probe resistivity measurements!. For
samples in which the total oxide layer comprised a bilaye
structure of AlO:N and a thin layer of SiO2 at the interface,
we modeled the structure as two dielectrics in series. T
sample of Fig. 4 having a total~combined AlO:N and

FIG. 3. AFM scan showing a birds-eye view of a 1000 nm31000 nm sur-
face region of AlO:N oxide~sample No. 90106!, having a height range of
12.6 nm. The average height was 5.9 nm and the rms roughness was 1.

FIG. 4. Capacitance–voltage characteristic of Al/oxide/Si structure~sample
No. 90106! with flatband voltageVFB522.723 V, threshold voltage
VT520.783 V, oxide capacitanceCacc59.38 pF, and insulator/depletion
series capacitanceCinv55.04 pF. Measurements were performed at roo
temperature at a frequency of 106 Hz. The inset shows the layered structu
used for measurements. The oxide layer comprised AlO:N and SiO2 sublay-
ers of thicknesses.
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