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PREFACE

Knowledge of the refractive indices and absorption coefficients of semiconductors is
especially import in the design and analysis of optical and optoelectronic devices.
The determination of the optical constants of semiconductors at energies beyond the
fundamental absorption edge is also known to be a powerful way of studying the
electronic energy-band structures of the semiconductors.

The purpose of this book is to give tabulated values and graphical information on
the optical constants of the most popular semiconductors over the entire spectral
range.

This book presents data on the optical constants of crystalline and amorphous
semiconductors. A complete set of the optical constants are presented in this book.
They are: the complex dielectric constant (e=g+i€,)), complex refractive index
(n*=n+ik), absorption coefficient (o), and normal-incidence reflectivity (R). The
semiconductor materials considered in this book are the group-IV elemental and
binary, II-V, II-VI, IV-VI binary semiconductors, and their alloys.

The reader will find the companion book "Optical Properties of Crystalline and
Amorphous Semiconductors: Materials and Fundamental Principles" useful since it
emphasizes the basic material properties and fundamental principles.

The extensive bibliography is included for those who wish to find additional infor-
mation if required. It is hoped that the book will attract attention of not only device
engineers, but also solid-state physicists and material scientists, and particularly
students specializing in the fields of semiconductor physics and device engineering.
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B6 ALUMINUM PHOSPHIDE
(AIP)

B6.1 GENERAL REMARKS

Aluminum phosphide (AIP) remains one of the least studied III-V semiconductors.
This is mainly due to the difficulty of growing the crystal in sufficiently pure form
and its instability in a humid atmosphere. The few published papers are mainly con-
cerned with crystal growth techniques, but some of them also report measurements
on structural, electronic, and optical properties (see Ref. {1]).

B6.2 ELECTRONIC ENERGY-BAND STRUCTURE .
AlP is an indirect-band-gap semiconductor with the conduction-band minimum at X
and the valence-band maximum at I'. The electronic energy-band structure of AIP
was investigated theoretically by several authors [2—4]. Figure B6-1 shows the band
structure of AIP as calculated using the semi-ab initio orthogonalized LCAO method
by Huang and Ching [3]. This calculated result gives the lowest indirect and direct
gaps of ng=2.51 eV (I';s—X,;) and E=3.74 eV (I';s—>TI,), respectively. These are in

10
eV

G %
I I
5} % /-\

L
_/—wﬁ X,/K‘ T

Eo
ok T ng s
L N |5
" A
-5 |
4 X3 A Figure B6-1 Electronic energy-band
AP structure of AIP as calculated using
% K the semi-ab initio orthogonalized
L LCAO method. (From Huang and
40
\E K Ching [3].) The locations of several

interband transitions are included by
the vertical arrows.
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B6 ALUMINUM PHOSPHIDE (AIP) 153

reasonable agreement with Monemar’s experimental data of ng=2.505i0.01 eV and
E=3.6310.02 eV [5].

The theoretical calculation [3] also suggests the higher-lying-gap transitions (CPs),
E,;=4.37 eV (L)), E;=4.78 eV (X;—X)), and Ey’=5.09 eV (I';s;—T5). Rodriguez
and Armelles [6] measured SE spectra of Al,Ga, P alloy (0<x<0.53) to determine
the x-composition dependence of the E, and E, CP energies. Their measured x-
dependence data yield, in the limit x—1.0 (AIP), E=3.71 ¢V (or 3.98 ¢V) and
E,=4.17 eV. However, no further experimental data are available on the CP energies
for AIP at present.

B6.3 OPTICAL CONSTANTS

To date, there have been reported no data on the optical properties of AIP in the rest-
strahlen region. By measuring the long-wavelength n data and using the Lyddane—
Sachs-Teller relation, however, Monemar [7] obtained the static and high-frequency
dielectric constants of AP to be £=9.8 and €._=7.6.

The n(E) data for AIP from E=0.5 to 2.8 eV were measured by Monemar [7]. The
AlP crystals were grown by the reaction of PH, with liquid Al in an open system at
1500°C. The refractive index was found to vary from 2.7510.1 at 0.5 eV, to
3.1040.1 at 2.8 eV. Measurements on the temperature dependence of n for AIP were
made by Grimmeiss and Monemar [8]. The resulting coefficient n*(dn/dT) for E=0.7
eV near T=300 K was (3.610.3)x10° K.

Measurements on the optical absorption spectra of AP were carried out by Mo-
nemar [7] at 4-300 K and by Lorenz et al. [9] at 2~300 K. The AIP crystals used by
Lorenz et al. [9] were grown by a modified Bridgman technique. The measured ab-
sorption spectra showed no clear structures involving phonons near the fundamental
absorption edge (i.e., indirect absorption edge) of AIP even at low temperatures
[7,9]. On the other hand, Monemar [5] identified some phonon-related fine struc-
tures in the PL excitation spectra of AIP at low temperatures [5].

Table B6-1 lists the 300-K values for the optical constants of AIP taken from Mo-
nemar [7]. Since the purity of the crystals used by him was not very high, an ab-
sorption coefficient of the order 520 cm™ in the region 2.0-2.4 eV was believed to
have an extrinsic origin [7]. The (g, €,), (n, k), and « values in Table B6-1 are plot-
ted in Figs. B6-2-B6-4, respectively.
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Table B6-1 Optical constants of AlP at 300 K.
eV g g n k o (cm™) R
0.5 7.568 2751 : 0.218
1 7.583 2.754 0.218
1.1 7.598 2.756 0.219
1.2 7.620 2.760 0.219
13 7.652 2.766 0.220
1.4 7.694 2774 0.221
1.5 7.754 2.785 0.222
1.6 7.825 2.797 0.224
1.7 7.906 2.812 0.226
1.8 7.993 2.827 0.228
1.9 8.095 2.845 0.230
2 8.210 2.865 0.233
2.1 8.330 2.886 0.236
2.2 8.454 0.00029 2.908 0.000049  1.10E+01 0.238
23 8.599 0.00040 2932 0.000069 1.60E+01 0.241
24 8.767 0.00058 2961 0.00010 2.40E+01 0.245
2.5 8.936 0.0014 2.989 0.00023 5.80E+01 0.249
26 9.122 0.0030 3.020 0.00049 1.30E+02 0.253
2.7 9.331 0.0060 3.055 0.0010 2.70E+02 0.257
2.79 9.568 0.0103 3.093 0.0017 4.70E+02 0.262
2.8 0.0018 5.00E+02
29 0.0029 8.40E+02
3 0.0004 1.20E+02
3.1 0.0054 1.70E+03
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