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Optical properties of aluminum nitride
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Reflectance spectra measured with synchrotron radiation on AIN single crystals in the energy range from 6
to 120 eV are reported. The imaginary part of the dielectric constant for AIN was determined by using the
Kramers-Kronig analysis, and the structures in the spectra were assigned based on the theoretical results
reported [S0163-182607)51524-4

Aluminum nitride (AIN), one of the IlI-V compound function are for the electric vector perpendicular to the
semiconductors with a wurtzite crystalline structure, is prom-axis. The dielectric function was determined from the reflec-
ising not only for the use of passivation of semiconductortance and the phasé(E) which was calculated by the
surfaces and insulators for high temperatures, but also for théramers-Kronig analysis of the reflectance spectra. Since the
use of optical devices at ultraviolet spectral region and surspectral region of the reflectance measurements is always
face acoustic wave devices, because it has the widest baf@unded(6< E<120 eV in our measurementst becomes
gap in all the 11-V compounds and high sound velocity. necessary to extrapolaR{E) to infinite energies in order to
Recently, it has received more attention from the propertiegstimate the phase(E). Below the lowest-energy limit of
of its alloys with GaN and InN which permit the fabrication the measurements, the reflectance was assumed to be con-
of Al;_,_,GalnN, based shortest-wavelength semiconduc-stant. In the higher-energy region, we used the usual typical
tor laser diodé:3 In spite of the prospects of AN in device function R(E)=CE™** where the constant was deter-
applications, experimental data on the optical properties argined so as to connect smoothly with the measured spec-
surprisingly scarcd, although several theoretical studies trum.
were performed:® Yamashitaet al® measured the reflec-  Figure 1 shows a typical reflectance spectrum of AIN
tance spectra of AIN in the photon energy range from 5.8 tesingle crystals in the photon energy range from 6 to 120 eV.
8.4 eV by using the deuterium lamp as the light sourceThe transitions revealed at 7.9, 9.0, 13.0, and 14.8 eV are
Michailin et al° attempted to measure the reflectance specinterpreted in a conventional way as the interband transitions
tra of AIN up to the photon energy 40 eV. However, no from the valence to conduction bands. Fairly good agreement
experimental data relevant to the electronic band structuregas found in the overlapped photon energy redi®®-8.4
of AIN are availablé® Accurate knowledge of the optical €V) between our reflectance spectra and those reported by
spectra over a wide range of wavelength is indispensable foramashitaet al® We note that our reflectance spectra differ
understanding the electronic structure. In this paper, wérom those reported by Michailiet al’¥in the curve shape
present the results of reflectance measurements on AlRNd peak positions except for the peak observed at 7.9 eV. In
single crystals in the photon energy range from 6 to 120 eVthe higher-energy range in Fig. 1, the reflectance spectrum
The imaginary part of the dielectric function derived throughhas a peak at 78.6 eV which is ascribed to the inner core
the Kramers-Kronig analysis are also reported. transitions from the Al @ level.

AN films were grown epitaxially off0001) a-Al,O5 sub- Figure 2 shows the spectral dependence of the imaginary
strates using the chemical reaction of trimethylaluminumpart of the dielectric constat, for AIN. The shape of the
with ammoniat! Reflection high-energy electron diffraction
results showed all the AIN samples to be a single crystal and
to have an orientation relationship ¢®001) AIN[(000)
a-Al,03. Reflectance spectra were measured at two different
beam lines of synchrotron radiation facilities. One is BL1 of
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SOR-RING in the Institute for Solid State Physics, the Uni- 8 0.10} i

versity of Tokyo for the photon energy range of 6—20 eV, § '

and another is BL5B of UVSOR in the Institute for Molecu- = . . " .
lar Science for 15-120 eV. Reflectance da{&) were ob- & 0.051 Photon Energy (¢V)

tained by taking the ratid, (E)/14(E), where the intensities #20

for incident lightlo(E) and reflected light,(E) were mea- . \
sured in sequence in a given photon energy interval. The 0 20 40 60 80 100 120
incident angle was nearly normal to the substrate, 15° away Photon Energy (eV)

from the normal axis of the sample surface. Since AIN has a
wurtzite structure, the reflectance data and the dielectric FIG. 1. Spectral dependence of the reflectance for AIN.
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TABLE I. Identification of structure ire,(E) for AIN.

3+ 0 &"’" Energy of optical structuréeV)
sboF R Our results Calculatiofls Transition
U Y
Hb B WY 7.6 8.08 M:6—10
€, k 8.9 9.35 SR6—10
5 ‘ S 13.0 13.43 A:7,8-15,16
1 15 20 25
1t ’ lghmon Energy (eV) 14.6

3Reference 8.

0 20 40 60 80 100 120 _ _ _ _ .
Photon Energy (¢V) intensity of the theoretical peaks is much higher than of
those in our experimental spectra because the theoretical

FIG. 2. Spectral dependence of the imaginary parts of the diSPectra was derived in the single-particle schefifrom the
electric functione,, for AIN. The solid line indicates our experimen- Calculatede, spectra, we assigned the peak positions for
tal data, and the broken line represents the calculated result byach transition, and listed them in Table I. The main peak
Christensen and Gorczy¢Ref. 8. observed at 7.6 eV in our experiments) spectra comes

from transitions at thé point (M:6— 10). The small struc-
imaginary part of the dielectric constant is similar to that oftyre located at 8.9 eV is connected wih—10) transitions
the reflectance spectrum in Fig. 1, but the actual positions of|ose tolS R, and the peak revealed at 13.0 eV is assigned to
the peaks are slightly shifted in energy. There have beegansitions from band 7,8 to 15,16 at thepoint of Brillouin
several calculations of band structure for AIN. Héjdalcu- zone.
lated the electronic structure of AIN by means of the or- | conclusion, we have presented optical reflectance spec-
thogonalized plane-wave method. Kobayasftial” per- 3 of AIN measured with synchrotron radiation in wide pho-
formed a band-structure calculation by using theyyn energy range from 6 to 120 eV. The imaginary part of the
semiempirical tight-binding method. Ching and Harmhon gielectric function for AIN was determined by using the

studied the electronic structure by means of the firStyramers-Kronig analysis, and each of the transitions ob-
principles  linear-combination-of-atomic-orbitals  method. geryed has been assigned based on the linear muffin-tin-

Unfortunately, our experimental data cannot be directly comypital calculations. The present work, complemented with

pared with those calculated results, because only the energieoretical studies, yields a realistic picture of the electronic
(E) vs wave-vector diagrams were reported in those papergyang structure for AIN.

Recently, Christensen and Gorcz§aavestigated the optical

and structural properties of AIN by means of the linear

muffin-tin-orbital method in its scalar-relativistic form in The authors would like to thank Professor K. Tsubouchi
conjunction with the local-density approximation to the of the Research Institute of Electrical Communication, To-
density-function theory. They identified the regions kn hoku University, for supplying the samples of AIN epitaxial
space of dominant interband contributions to the elements dflims. Thanks also go to Dr. M. Fujisawa of SOR-RING
structure in the dielectric function of AIN. Their calculated facility in the Institute for Solid State Physics, the University
imaginary part of the dielectric function is presented in theof Tokyo and Dr. S. Kimura of UVSOR facility in the Insti-
inset in Fig. 2. There is a reasonable agreement between otute for Molecular Science for their useful advice in mea-
experimental spectra and the calculated results, although tlsirements of the reflectance spectra.
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