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Plasma enhanced metalorganic chemical vapor deposition of amorphous
aluminum nitride

H. Harris,a) N. Biswas, H. Temkin, and S. Gangopadhyay
Physics Department, Texas Tech University, Lubbock, Texas 79409

M. Strathman
Thin Film Analysis, Sunnyvale, California 94086

~Received 8 June 2001, accepted for publication 28 August 2001!

Plasma enhanced deposition of amorphous aluminum nitride~AlN ! using trimethylaluminum,
hydrogen, and nitrogen was performed in a capacitively coupled plasma system. Temperature was
varied from 350 to 550 °C, and pressure dependence of the film structure was investigated. Films
were characterized by Fourier transform infrared, Rutherford backscattering~RBS!, ellipsometry,
and x-ray diffraction~XRD!. The films are amorphous in nature, as indicated by XRD. Variations in
the refractive index were observed in ellipsometric measurements, which is explained by the
incorporation of carbon in the films, and confirmed by RBS. Capacitance–voltage, conductance–
voltage (G–V), and current–voltage measurements were performed to reveal bulk and interface
electrical properties. The electrical properties showed marked dependence on processing conditions
of the AlN films. Clear peaks as observed in theG–V characteristics indicated that the losses are
predominantly due to interface states. The interface state density ranged between 1010 and
1011eV21 cm22. Annealing in hydrogen resulted in lowering of interface state density values.
© 2001 American Institute of Physics.@DOI: 10.1063/1.1413484#
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I. INTRODUCTION

The interest in aluminum nitride~AlN ! has increased
tremendously in recent years. Epitaxial AlN has been dep
ited on silicon as an intermediate layer for the growth
GaN on bulk silicon.1 Sputtered AlN has been studied exte
sively, including growth mechanics and characterization2–4

while remote plasma molecular beam epitaxy methods h
been proven to provide high quality AlN.5 The large band
gap of 6.2 eV makes AlN interesting for optoelectronics~for
high crystal quality AlN!, as well as antireflective coatings

With the scaling of device sizes, introduction of tunne
ing currents in the insulator becomes the primary concern
any device application. Alternatively, the required capa
tance can be achieved by using an insulator with a high
electric constant without having to reduce the thickn
of the insulator film. Due to its high dielectric consta
~;8–10!, AlN films can replace SiO2 ~dielectric constant
;3.9!, the predominate dielectric used in the past. Howev
a dielectric to be considered as a replacement to SiO2 should
also possess superior surface passivation properties with
substrate semiconductor. An estimate of interface trap d
sity is thus crucial. Interface traps originate from defe
such as dangling bonds at the insulator–silicon interface w
energy states in the siliconforbidden band gap and are de
dent on the chemical composition of the interface.6 Among
the several methods listed in theory, conductance techni
as proposed by Nicollian and Goetzberger,7,8 is by far the
most effective method for carrying out the interfacial ch
acterization.

a!Electronic mail: rusty.harris@ttu.edu
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Plasma enhanced metalorganic chemical vapor dep
tion ~PE-MOCVD! of AlN using a conventional paralle
plate has been the focus of very few studies,9 while the stud-
ies of interface properties have been cursory at best.10 This
article presents the properties of PE-MOCVD AlN. In dep
electrical properties are presented and the interface pro
ties of AlN with Si are explored.

II. EXPERIMENT

Films were deposited on Si~100! on the grounded elec
trode of a parallel plate plasma enhanced chemical va
deposition system, with 5 cm spacing and a fixed freque
of 13.56 MHz. Trimethylaluminum, nitrogen, and hydroge
were supplied at leak rates of 3, 6, and 3 sccm, respectiv
for all samples. Pressure was varied from 100 to 600 mT,
the temperature was set at either 350 or 550 °C. Prio
deposition, wafers were cleaned by the modified Shir
method11 to produce a single atomic hydrogen-passiva
surface.

Fourier transform infrared~FTIR! spectra were taken us
ing a Perkin-Elmer model 1600 spectrometer with 8 cm21

resolution. A Shimatsu model 2400 PC UV-visible spectro
eter was used to obtain optical absorption data. Ruther
backscattering was performed to determine the atomic c
centration of the films. Thickness was measured using a
filometer and a Rudolph Instruments AutoEL ellipsome
was used to find the refractive index. 2Q scans were col-
lected in a Philips X’pert x-ray diffraction system. No sig
nificant diffraction peak for AlN was observed at;36°, in-
dicating that the films are amorphous in nature.

Capacitance–voltage (C–V), conductance–voltage
(G–V), and current–voltage (I –V) measurements wer
5 © 2001 American Institute of Physics
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TABLE I. Process parameters and measured data fora-AlN samples of this study.

Sample
Pressure

~mT!
Temperature

~°C!
Power
~W!

Al/N
ratio % C

Thickness
~nm! Index n

A 200 350 60 0.9 0 170 2.05
B 600 550 15 1.12 20 240 1.86
C 600 550 30 0.89 37.2 280 1.75
D 600 550~900! 30 1.09 40.7 280
ili
–
c-

H
o

re
th
th

an

es
t

in

an
a
r
V

th

t
s

e
e
n
s
t

te
-
lin
k
in

h

ro

may

his
s.
ay

ost
67
200

–
H,

e
fore
t-
or-
sily

°C
rom

e
nge
the
to
fter
used to evaluate AlN films deposited on silicon and on s
con coated with TiN/Al/Ti. The metal–insulator
semiconductor~MIS! structure was comprised of metal ele
trodes evaporated on AlN/Si.C–V and G–V analysis was
performed on metal/dielectric/silicon structures using an
4275A LCR meter. SelectiveC–V curves were analyzed t
find the interface density of states,D it .

A. Film characterization

We prepared 18 samples by varying total process p
sure, rf power, and substrate temperature. Table I lists
three samples that are the focus of this study. Included in
table are the process parameters, Al/N ratio, at. % C,
index of refraction.

The sample with the highest rf power and lowest proc
pressure is sample A. Consequently, this sample showed
lowest amount of carbon, below the detection limit of63%
for RBS. This is attributed to a higher degree of ionization
the plasma, and subsequent desorption of CH and CH2 spe-
cies from the film. This sample is nitrogen rich, having
Al/N ratio slightly below 1, and its index was measured
2.047, which correlates well with AlN from othe
sources.12,13 The optical band gap of the sample is 5.6 e
close to the crystalline AlN band gap value of 6.2 eV.12 The
decrease is attributed to some of the Al and N bonded in
amorphous structure.

An increase in pressure, combined with a decrease in
power, and an increase in the substrate temperature, as
from sample B to sample C, produced a likewise increas
the percent of carbon incorporated in the film. It is assum
that the increase in pressure increases the concentratio
carbon species in the plasma and in the film. The end re
is a decrease in the index of refraction, from just over 2
1.9 for sample B and to 1.75 for sample C.

Fourier transform infrared spectra of the films deposi
on both~100! and~111! silicon was acquired, and the corre
sponding silicon baseline was subtracted. After the base
interference was removed, the spectra displayed a pea
about 667 cm21. The spectra for samples A–D are shown
Fig. 1. The peak located at 1110 cm21 is associated with the
oxygen interstitial in silicon, and shows up due to a slig
mismatch in the baseline subtraction. The small series
peaks at 2340 cm21 are from carbon dioxide within the IR
instrument.

The dominant peak at 667 cm21 for all the samples is
assigned to the AlN transverse optical mode~TO!.14–17 The
full width at half maximum ~FWHM! for this peak for
samples A, B, and C are 114, 220, and 245 cm21, respec-
tively. Incorporation of carbon in samples B and C may p
to 129.118.14.103. Redistribution subject to AIP licens
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duce a high degree of disorder in these samples, which
be responsible for a significant increase in the FWHM.

For sample B another peak emerges at 1795 cm21 that
may be associated with olefinic or aromatic carbon. T
vibration mode is not IR active in amorphous carbon film
However, the presence of an Al or nitrogen neighbor m
break the symmetry and make this mode IR active.

Sample C surprisingly produced more C content, alm
double that of sample B. In this sample, the AlN peak at 6
cm21 is evident, but two new peaks emerge: the peak at 2
cm21 and the broadband between 1100 and 1700 cm21. The
peak at 2120 cm21 is associated with Al–H stretch,14 while
the broadband is the combination ofsp3 andsp2 carbon, as
well as OH and NH modes.14,16The broad peak in the 3000
3750 range is attributed to the combination of NH and O
as suggested by Lorentzet al.15 Since there was no O in th
precursors and an ultrahigh vacuum was achieved be
deposition (531027 Torr), the oxygen was absorbed pos
deposition. Higher rf power produces more H in the am
phous matrix that, upon exposure to atmosphere, is ea
hydrolyzed.

Sample D is the spectra of sample C annealed at 900
in vacuum. RBS indicates that the H content decreased f
14% to 2.5%. The IR peaks at 2200 cm21 ~Al–H! and 3500
cm21 ~OH,NH! were not present in the IR spectra of th
annealed sample. The thickness of the sample did not cha
appreciably after annealing, but the relative magnitude of
667 cm21 band increased considerably. This is attributed
an increased density of Al–N bonds produced as an a

FIG. 1. FTIR spectra of samples A–D.
e or copyright; see http://jap.aip.org/about/rights_and_permissions
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effect of H desorption during annealing. Furthermore,
broadband from 1100 to 1700 cm21 shows more structure
and increased intensity from the removal of the OH and N
as evident in the missing 3500 cm21 mode.

B. Electrical characterization

Electrical characterization was performed on
samples. Two samples of particular interested are presen
samples A and B. Sample A represents the best quality
film in terms of purity, as indicated in the previous sectio
and the electrical properties of this sample are a general
representation of other samples. Sample B has an interm
ate amount of atomic carbon, 20%.

The conductance technique involves point-by-point
termination of interface state density throughout the dep
tion region. A conductance peak is observed because o
ac loss due to capture and emission of carriers by the in
face states. From the admittance, the equivalent parallel
ductance (Gp) is extracted. To calculate the interface sta
density (D it) usingGp , two models were used:~1! the single
time constant model and~2! the continuum of states model7

According to the single time constant model,Gp /v is writ-
ten as

Gp

v
5

qDitvt

~11v2t2!
, ~1!

whereD it is the density of interface states,q is the electronic
charge,t is the time constant of the interface state, andv is
the frequency. When a continuum of interface states
present the above expression changes to

Gp

v
5

qDit

2vt
ln~11v2t2!. ~2!

The maximum value ofGp /v occurs atvt51 for Eq. ~1!
and atvt51.98 for Eq.~2!. The time constants of the inte
face traps can thus be determined using the aforesaid co
tion on vt.

Figure 2 shows theC–V characteristics of samples
and B, along with the hysteresis effect for measureme
done at 1 MHz. As can be seen, theC–V curves are shifted

FIG. 2. Hysteresis effect in sample A~dash-dot! and in sample B~solid! at
1 MHz.
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towards negative biases. The shift of theC–V curve towards
negative biases indicates the presence of positively cha
ions at the insulator–silicon interface. The magnitude of h
teresis for sample A~;0.36 V! is approximately ten times
more than that for sample B~;30 mV!. The nature of hys-
teresis is opposite for both the samples. The counterclo
wise loop of the hysteresis for sample A can be attributed
charge polarization in the insulator. Charge polarization
well known in other dielectrics on Si.18–21 The clockwise
nature of hysteresis as observed for sample B is typica
majority carrier injection from semiconductor to insulat
with subsequent trapping. Such trapping could occur in
insulator bulk near the interface if unsaturated bonds an
vacancies are present. The deep-depletion nature of
curves, after threshold is achieved, in sample A indicates
minority charge carriers are lost either by recombination
injection whereas the constant capacitance reached
sample B indicates that inversion has been achieved.7

Figure 3 represents the capacitance–voltage (C–V)
curves measured at the indicated frequencies for sampl
C–V curves for sample A are stretched about the volta
axis and are marked with minimal frequency dispersion
the accumulation region~,2%!, about 41% dispersion in the
depletion region and no dispersion in the deep-depletion
gion. Frequency dispersion of capacitance in accumulatio
also observed in many other MIS structures.22–24 In most
cases, however, the dispersion is abnormally large. In
case the small dispersion in the accumulation region is p
dominantly due to the frequency dispersion of the dielec
constant of the insulator, which was confirmed byC–V mea-
surements on the relevant Al/AlN/TiN~MIM ! structure at
different frequencies. MIM structures are not subjected
any back contact and so are representative of true insu
properties. Frequency dispersion of capacitance in accu
lation is also observed by several other groups for A
samples.25,26A flatband voltage of24.86 V was recorded a
a flatband capacitance of 42.52 pF using theC–V curve at
10 kHz.

The stretch about the voltage axis is due to the respo
of the interface traps to the applied dc bias. The dispersio
depletion is due to the response of interface traps to app
frequency. If the time constantst of the interface traps are
comparable to the frequencyf of the small signal (2tp f

FIG. 3. Frequency dependence of theC–V curves for sample A. Frequen
cies shown are 10, 20, 40, 100, 200, and 400 kHz and 1 MHz left to ri
e or copyright; see http://jap.aip.org/about/rights_and_permissions
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;1) the interface traps make a contribution to the total
pacitance such that the threshold capacitance increases
decreasing frequency.27

The scope of this investigation was extended to inclu
studies involving annealing the samples in hydrogen gas.
thermally grown SiO2 on Si, annealing in hydrogen is know
to improve the interface, and a considerable reduction in
D it values is observed.7,28 As is discussed next, similar re
sults were obtained by annealing AlN films in hydrogen. A
the samples were annealed in hydrogen gas at 250 °C fo
and 500 mTorr gas pressure. Marked improvement in
interfacial properties was observed for all the samples res
ing in a much lower value ofD it at the midgap. Few sample
were chosen, however, for detailed studies.

Figures 4~a! and ~b! represent theC–V curves for
sample B and sample B annealed in hydrogen at the i
cated frequencies. TheC–V curves in Fig. 4~a! are charac-
terized by a sharp transition from accumulation to invers
and small flatband voltage shift. Frequency dispersion in
cumulation was calculated to be;6%. The small frequency
dispersion of capacitance in the accumulation region is o
again due to the dispersion of the insulator dielectric c
stant. The presence of a ‘‘ledge’’ can be noted in the low
frequency curves of Fig. 4~a!. When reducing the applied
bias from large positive biases in accumulation towards
depletion region, the capacitance is characterized by a s
drop followed by a deep-depletion-like characteristic a
bias voltage of20.3 V ~for measurements done at 10 kHz!.
The deep-depletion-like characteristics were confirmed
plotting 1/C2 versus biases. Such a plot yielded a strai
line in the bias range of20.35 to20.45 V. Above an applied
bias of 20.45 V, the capacitance follows the depletion a
inversion sequence. As a result, a ‘‘ledge’’ is observed in
bias range of20.3 to20.45 V, and is more prominent for th
lower frequencyC–V curves. Several other groups also o
serve a similar ‘‘ledge’’ in theC–V curves for their metal–
oxide–semiconductor and metal–oxide–semicondu
field-effect transistor~MOSFET! structures.29–31 Using the
capacitively detected magnetic resonance~CDMR! technique
for their p-channel enhancement MOSFET device, Bra
et al.29 concluded that the reason for the presence of suc
ledge could be due to the defects caused by in-diffusion

FIG. 4. Frequency dependence of theC–V curves for~a! sample B and~b!
sample B annealed in hydrogen at frequencies of 10, 20, 40, 100, 200
400 kHz and 1 MHz left to right.
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implantation of transition metal impurities. Returning to th
case in hand, as was mentioned in the optical analysis,
carbon impurities may be responsible for introducing d
fects, which respond to the applied frequency. However,
have observed a similar ‘‘ledge’’ in theC–V curves for AlN
films deposited by magnetron sputtering of an Al target
N2/Ar plasma. These films do not have any carbon conta
nation. We believe that there is nitrogen incorporation in s
con with subsequent bonding of Si–N resulting in an int
layer formation. The defects created by nitrog
incorporation in silicon may be responsible for the ‘‘ledge
in the C–V curve.

The frequency dependence of theC–V curves for
sample B annealed in hydrogen gas, shown in Fig. 4~b!, re-
vealed considerable reduction in the ledge that appeare
the as-deposited sample at lower frequencies probably du
the passivation of defects created by nitrogen incorpora
in silicon. An overall reduction of frequency dispersion
the C–V curves compared to that shown in Fig. 4~a! was
also observed. Interestingly the frequency dispersion in
cumulation has reduced to;4.5%. This is probably due to
restoration of dielectric loss as a result of annealing.32 Pres-
ence of free radicals in a dielectric is believed to be one
the reasons responsible for dielectric losses. Thermal ann
ing results in a decrease in the free radical concentra
preventing reaction with O2 and the formation of polar
groups. TheG–V curves were once again sharply peaked
were the ones obtained for the as-deposited sample ind
ing that the losses are predominantly due to interface sta

Figures 5~a! and 5~b! show the conductance–voltag
(C–V) characteristics for samples A and B, respective
corresponding to the respectiveC–V curves in Figs. 3 and
4~a!. The peaks of theG–V curves are shifted according t
the flatband voltage shift of theC–V curves. The frequency
dispersion in the accumulation region ofG–V curves of
sample B corresponds to the dispersion in the accumula
region of relevance in theC–V curves, which has been ex
plained before. While theG–V curves of sample A are
stretched corresponding to theC–V curves, theG–V curves
of sample B are sharply peaked. It is interesting to note t
the magnitude of the loss peaks in Fig. 5~a! changes by only
;7% and that in Fig. 5~b! changes by only;9% over the
entire frequency range, indicating that the time constant
persion is not very large. In fact, detailed analysis indicate

nd
FIG. 5. Frequency dependence of theG–V curves for~a! sample A,~b!
sample B and sample A annealed in hydrogen~inset!. Frequencies shown are
10, 20, 40, 100, 200, and 400 kHz and 1 MHz left to right.
e or copyright; see http://jap.aip.org/about/rights_and_permissions
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total absence of anomalous time constant dispersion
Figures 6 and 7 are the plots of normalized equival

parallel conductance versus frequency for samples A an
respectively, at the specified biases. The curve fitting w
done as follows:Gp /v was extracted from the measure
capacitance and conductance using the method explaine
Nicollian and Goetzberger.7,8 At each fixed bias, the maxi
mum value ofGp /v, when plotted against frequency, we
through a maximum. This value and the corresponding
quency were recorded. These values are then substitute
Eq. ~1! to evaluateD it based on the single time consta
model and into Eq.~2! to evaluateD it based on a continuum
model.33 These values are resubstituted into Eqs.~1! and~2!,
respectively, to generate theoreticalGp /v versus frequency
plots. The experimental points were then fitted into the plo
Figure 6 shows that over the range of bias investiga
Gp /v versus frequency showed good fit to theory if a co
tinuum of states is assumed. We observed the same typ
behavior at all values of gate bias in the depletion regi
Figure 7 shows that best fitting for sample B was obtaine
the single time constant model is assumed. In this study
single time constant behavior is observed at g

FIG. 6. Equivalent parallel conductanceGp /v vs frequency for sample A.

FIG. 7. Equivalent parallel conductanceGp /v vs frequency for sample B.
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bias range of20.75 to 20.50 V. Interestingly the plot of
Gp /v versus frequency in the bias range20.35 to20.45 V
~the ledge region! fits the theoretical curve if only the con
tinuum model is assumed. Figure 8 shows such a plo
20.35 V.

Figure 9 shows a plot of interface state density (D it)
versus energy for samples A, B, and sample B anneale
hydrogen.D it for Sample A was calculated to be;4.23
31011cm22 eV21 at the midgap. Continuum of interfac
trap levels, as observed in the case of sample A, could re
from chemical inhomogeneity at the Si/insulator interface18

The inhomogeneity is caused due to stretched, bent, or
ken bonds between the insulator and the Si surface. In
case such a chemical disorder in the vicinity of the Si surf
may be caused due to chemical bonding of Si–N resulting
a stretched or broken bond which cause spreading of in
face traps in the Si band gap.

For sample B, at the midgap the interface state den
was calculated to be 1.5931011eV21 cm22. The D it versus
energy plot for this sample is characterized by the prese
of a ‘‘hump’’ in the bias range of20.30 to 20.45 V. This
alters the usual semihyperbolic nature18 of the curve usually
obtained forD it versus energy plots. Interestingly, the o
served hump corresponds to the deep-depletion regime~steep
slope! of the observed ledge in Fig. 4~a!. The fact thatD it

peaks at a certain bias~20.45 V! value is indicative of an
increase in dangling bonds at the insulator–silicon interf
about 0.2 eV away from the conduction band.

Although considerable work has been published rega
ing the processing of AlN films, not much literature is ava

FIG. 8. Equivalent parallel conductanceGp /v vs frequency for the ledge
region of sample B.

FIG. 9. Interface state density vs energy for samples A, B, and A anne
in hydrogen.
e or copyright; see http://jap.aip.org/about/rights_and_permissions
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able with the analysis of the substrate/insulator interface.
comparison therefore we present theD it values of some othe
insulators with similar dielectric constants. Chaveet al. re-
ported aD it of ;131011cm22 eV21 for their Al/Al2O3/InP
MISFET structure.34 Basa et al. reported aD it of ;1.96
31012cm22 eV21 for their Al/SiNx /Si MIS configuration.35

The D it at midgap for the sample annealed in hydrog
was calculated to be 3.3731010cm22 eV21. This is almost
an order of magnitude less than that obtained for the
deposited sample D. A hump is observed again but it is no
sharply peaked as in the case of as-deposited sample
comparison ofD it versus energy plot for sample B and th
hydrogen annealed sample indicates that not only theD it

value at midgap is lower for the annealed sample, but a
that the increase in theD it values as one goes towards t
conduction band is slow. This is similar to that observed
MOS devices annealed in hydrogen. As stated earlier, in
face traps arise from unsatisfied dangling bonds at the
face of the semiconductor due to abrupt termination of
silicon surface along a given plane. Logically, the formati
of the insulator ties up some but not all of the Si-surfa
bonds. When the sample is annealed in hydrogen, the hy
gen species migrates through the insulator layer to
insulator–Si interface where it attaches itself to a dangling
bond thereby making the bond electrically inactive. Th
causes a reduction in the interface state density for
sample annealed in hydrogen.

The time constants of the interface traps were evalua
using conditions onvt stated before. Figure 10 is the plot o
time constants of the interface states versus bias for sam
A, B, and sample B annealed in hydrogen. For sample A
abnormal dispersion of time constants was observed. T
corresponds well with theGp /v plot, which peaked in a
close spectrum around 10 kHz for all the biases correspo
ing to the depletion region. This is surprising in view of th
fact that the SiO2–Si interface exhibits a large time consta
dispersion in the depletion region. Of interest is the fact t
some of the points are scattered around the straight line.
is due to the fact that the HP4275A measures conducta
only at a few discrete values of frequency. Hence the ex
value at which the conductance peaks for a given value
gate bias cannot be located with certainty.

The plot of time constants of the interface states ver

FIG. 10. Time constants vs bias for samples A, B, and A annealed in
drogen.
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bias for sample B in the bias range of20.35 to 20.80 V
indicates two distinct regions of time constants:~1! in the
bias range of20.35 to20.45 V pertaining to the ledge re
gion of theC–V curve and~2! in the bias range of20.45 to
20.80 V. Interestingly, annealing in hydrogen results in t
usual straight-line plot of time constants versus bias,
shown in Fig. 10.

The defects caused by probable nitrogen incorpora
influences the time constants of the interface traps about
eV away from the conduction band resulting in faster tra
Furthermore, the fact thatGp /v values fit the continuum
model in this bias range indicates that a region at
insulator–silicon interface has become chemically inhom
enous.

Breakdown voltage, leakage current, and compl
current–voltage (I –V) characteristics were measured on
the samples. Figure 11 shows the current density versus
plied bias for a typical AlN sample. To obtain a current tran
port mechanism, ln(J/E) versusAE was plotted. This showed
a linear relationship at high fields. This implies that curre
conduction at high fields is a bulk-limited process and
dominated by a Frenkel–Poole conduction.6 From the linear
portion of the plot, a dielectric constant of 9.260.3 was cal-
culated. This is well within the predicted range of 8–10 f
AlN films.

III. SUMMARY AND CONCLUSION

Deposition of AlN films that are amorphous in natu
has been completed using a metalorganic precursor in a
ventional PECVD configuration. The nature of the film va
ies from carbon-free hydrogenated AlN, which displays o
tical properties that are similar to those of AlN from oth
methods, to carbon-rich films with AlN incorporated into i
structure. The primary controlling factors for the quality
the AlN films is the rf power and the process pressure. S
sequent annealing of the carbon-rich films correlates the e
lution of H from the film with the change in the carbo
structure.

The overall electrical characteristics strongly depend
on the processing conditions. The AlN samples showed g

y-

FIG. 11. Current density vs electric field for sample B.
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bulk and interfacial properties. The total ac loss is small a
a first order calculation yieldsD it values that are reasonab
from a device point of view. It is especially interesting
note that the AlN/silicon interface does not exhibit a lar
dispersion of interface state time constants commonly a
ciated with a SiO2/Si interface. Annealing in hydroge
showed marked improvement in the interfacial propert
and the value of the interface state density was observe
reduce by almost an order of magnitude. From our study
PECVD deposited aluminum nitride films it can be co
cluded that with optimization of processing parameters i
possible to make device grade AlN films.
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