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The AlGaInN semiconductor system is currently of high interest for applications in blue light
emitting devices. AlInN is a prospective material for lattice matched confinement layers. We
measure the refractive index as well as the band gap across the entire compositional range of
high-quality polycrystalline AlInN samples. Strong band gap bowing is observed. ©1997
American Institute of Physics.@S0003-6951~97!01543-X#
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~Al, Ga, In! nitrides are under intense investigation f
applications in semiconductor blue light emitting device
Current achievements in this area are mainly based on bi
GaN, ternary AlGaN, and ternary GaInN.1 The third ternary
nitride alloy, AlInN, is less investigated. This alloy exhibi
the largest variation in band gap and it is a candidate
lattice matched confinement layers in optical devices. Ho
ever, band gap measurements on AlInN alloys indicat
significant bowing.2 Refractive index calculations based o
these measurements strongly deviate from the lin
estimation.3 Further exploration of AlInN is expected to he
predict properties of quaternary AlGaInN alloys. We inve
tigate optical properties of high-quality AlInN thin films ob
tained by low temperature sputter deposition. Refractive
dex spectra are reported and the AlInN band gap is meas
across the whole compositional range.

The AlInN films were prepared by a Discovery-18 ma
netron reactive sputter system.4 The aluminum plate and th
indium plate were separately mounted onto the direct-cur
powered and radio-frequency powered target, respectiv
The advantage of this scheme over the single compo
target2 is that we obtain a better composition control of t
plasma reaction and a larger composition variation. The p
sure of the chamber was pumped down to 1028– 1029 Torr
before deposition. Substrate temperature during depos
was kept at 200 °C. The AlInN alloy was produced by t
plasma reaction among Al, In, and N. Silicon, quartz, a
glass were employed as substrates.

Rutherford backscattering spectroscopy~RBS! is used4

to determine the AlxIn12xN film composition within an
uncertainty of60.05 in x value. Oxygen signals are no
detected. A film thickness of about 1000 nm is deduced fr
the RBS analysis. X-ray diffraction~XRD! is employed
to investigate the structure of the deposited films. T

a!Corresponding author, present address: Department of Electrical and C
puter Engineering, University of California, Santa Barbara, CA 931
9560. Electronic mail: piprek@opto.ucsb.edu
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XRD spectrum of Al0.64In0.36N indicates a high-quality poly-
crystalline structure~Fig. 1!. The shift of the diffraction
peaks with composition~Table I! proves the solubility be-
tween AlN and InN. In other words, the sputtered AlInN
alloys are stoichiometric materials. Phase separation is
observed. Also, evidenced by the indices of wurtzite Al
and InN, the sputtered AlInN alloys share the wurtzite stru
ture.

Optical transmission from 100 to 800 nm wavelength
measured. The square of the absorption coefficienta is plot-
ted versus photon energy in Fig. 2. The linear high-ener
part of these curves confirms direct band gap transitions.
extending this linear part down to the energy axis, the dir
band gapEg is determined at the interception point. Devia
tions of the absorption curves in Fig. 2 from a straight lin
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-

FIG. 1. XRD spectrum of the Al0.64In0.36N sample.
24392439/3/$10.00 © 1997 American Institute of Physics
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are attributed to grain boundary effects~Urbach tail!. Those
are excluded in our band gap analysis. The band gap is g
as a function of the lattice constant a in Fig. 3, together w
the results presented by other groups. The typical linear
terpolation of binary data is shown for comparis
~triangle!.3 In perfect agreement with Ref. 2 a strong energy
gap bowing is found for AlxIn12xN alloys, which might be
attributed to the atomic size difference between Al and
This result is confirmed by the close match of our binary d
with typical values for AlN and InN~triangle corner points
in Fig. 3!. The measured AlxIn12xN energy gap bowing can
be approximated by

Eg@eV#51.7512.2x26.9x219.1x3. ~1!

It is expected to have a strong impact on device applicati
of AlInN or AlGaInN alloys. Those materials do not seem
provide good confinement layers on AlGaN or GaInN~lower
solid lines in Fig. 3!.

The refractive index of the AlInN films is determine
from their reflectivity spectra. For AlInN film deposited o
silicon substrate, the reflectivity spectrum provides an in
ference pattern with intensity minima occurring atml
52nd, wherem is the interference order,n(l) denotes the
refractive index at wavelengthl, andd represents the film
thickness. Based on this scheme, the refractive index spe
n(l) of the sputtered AlInN films are obtained within th
transparency region. The dependence ofn(l) on alloy com-
position is shown in Fig. 4. Our measurements of sputte
binary AlN are in good agreement with results from chem
cal vapor deposited samples.6 The measured refractive inde
might be slightly affected by grain boundary effects. T
short wavelength end of our curves is given by the band g
With higher In content, the band gap shrinks and the sp
trum n(l) shows the expected shift towards longer wav
lengths.

In summary, we have investigated optical properties
polycrystalline AlInN as a function of alloy composition
Strong bowing of the direct energy gap is found. The refr
tive index spectrum within the transparent wavelength reg
shows the expected shift to higher values with lower ba
gap.

TABLE I. XRD peaks of AlxIn12xN films.

Composition 2u ~102! @degree# 2u ~103! @degree# Lattice constant a~Å!

InN 43.50 57.00 3.54

Al0.18In0.82N 44.15 58.15 3.49

Al0.25In0.75N 44.60 58.75 3.46

Al0.50In0.50N 46.10 60.75 3.35

Al0.64In0.36N 47.40 62.60 3.26

Al0.85In0.15N 49.05 65.00 3.16

AlN 49.60 66.20 3.12
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FIG. 2. Absorption spectra of sputtered AlxIn12xN films.

FIG. 3. Band gap vs lattice constant of AlxIn12xN alloys. Filled dots give
our measurement~d!, which is compared to other results@n ~see Ref. 2!, ,

~see Ref. 5!#. The error bars indicate the composition uncertainty and
solid lines show the typical linear interpolation of binary data.

FIG. 4. Refractive index spectra of AlxIn12xN films. Filled dots are our
measurements, open dots are reported by Baueret al. ~see Ref. 6! The error
bars are mainly due to the uncertainty in sample thickness.
Peng et al.
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