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Abstract

The compositional dependence of electronic and mechanical properties of a Al,In;_,P,Sb,_, quaternary alloy in zinc-blende
structure lattice-matched to GaSb, InAs, and InP substrates is studied. The calculations are done based on the empirical
pseudopotential method modified with virtual crystal approximation. Our calculations are obtained for the energy band gaps,
elastic constants, elastic moduli, bond stretching, bond bending forces, and internal strain parameter. The material system
of interest is found to be a direct semiconductor within a small range of Al concentrations about 0—0.07 and an indirect one
outside this region. The Debye temperature and the Frohlich coupling constant have been determined at different values of
composition lattice-matched to different substrates. The phonon frequencies and the sound velocity for different substrates
at various compositions have been studied. There is a good agreement between our results and the experimental data for
its constituent binary compounds, AIP, AlSb, InP, InSb, and ternary alloys, InPSb, AIPSb, which supports the calculated
results of the studied Al In,_,P,Sb,_, quaternary alloy. The studied properties for the considered alloy may be helpful for

the fabrication of optoelectronic devices.
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Introduction

Semiconductors consisting of the third and fifth group
elements of the periodic table are the key materials for
optoelectronic devices. Al,In,_,P Sb,_, quaternary alloys
are important materials and have important technological
device applications.! x and y are the concentrations of Al
and P in the considered alloy, respectively. One advantage
of the Al,In,;_ P Sb,_ alloy is that it can be grown lattice-
matched to binary substrates, GaSb, InAs, and InP. Special
attention has been given to the mechanical properties of
semiconductors because they are one of the best tools for
guiding the successful design and fabrication of optoelec-
tronic devices.'™® This work aims to focus on the effect of
the used substrates (GaSb, InAs, and InP) on the electronic
and mechanical properties in Al In,_,P,Sb,_, under the
effect of alloy composition. The studied quaternary alloy
is bordered by the ternary alloys, Al In,_,P, Al,In,_,Sb,

> Elkenany B. Elkenany
kena@mans.edu.eg

Department of Physics, Faculty of Science, Mansoura
University, P. O. Box 35516, Mansoura, Egypt

@ Springer

AlP,Sb,_, and InP,Sb,_, , which are bounded also by four
binary compounds, AIP, AlSb, InP, and InSb. These binary
compounds and ternary alloys were studied by Degheidy et.
al. and have been published in Refs. 7-10 The structural,
electronic, mechanical, thermal, and optical properties of
ternary and quaternary semiconductor alloys were investi-
gated using different methods such as first-principles plane-
wave method within the LDA approximations, EPM, and
density functional theory (DFT).”!

In the present work, the direct and indirect energy band
gaps, the elastic constants (C;,, C,,, C4y), elastic moduli (B,
C,, Y,), and some related properties such as bond stretch-
ing (o), bond-bending (P) force constants and internal strain
parameter (§) of Al In,_,P,Sb,_, lattice-matched to different
substrates have been studied. Our calculations are based on
the empirical pseudopotential method (EPM) modified with
virtual crystal approximation (VCA).?>%* Our results over
the compositional range of Al concentration (x=0-1) in the
Al In,_ P Sb,_, system are performed and compared with
the published data in the literature and showed good agree-
ment especially for binary compounds and ternary alloys
which supports the results of the quaternary alloy of interest.
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Computational Method

The present calculations were performed by using the empir-
ical pseudopotential method (EPM) combined with the vir-
tual crystal approximation (VCA).%%-2273!

The fundamental benefit of employing pseudopotentials is
that only valence electrons must be taken into account. The
electrons in the core are handled as though they were frozen
in an atomic-like state. The valence electrons are assumed
to move in a weak one-electron potential as a result of this.
Model pseudopotentials are substituted for actual pseudo-
potentials to further simplify the problem. Even though
there are alternative methods for estimating electronic band
structures, the pseudopotential method produces surprisingly
accurate results for the amount of computer time and effort
required. The EPM involves empirical parameters, namely
the symmetric and anti-symmetric form factors which are
modified to fit the experimental energy band gaps of the
parent binary compounds of the studied alloy, namely AlP,
AISb, InP, and InSb.?? The obtained accurate form factors
results allow us to calculate the form factors of the quater-
nary Al In, P, Sb,_ alloy of interest, where

Walloy(x) =Xy WAIP + y(l - )C) WInP (1)
+x(1 =y) Wy + (1 =) = y) W,

The lattice constant of the Al,In; ,P, Sb,_, alloy can be

also determined in terms of those of lattice constants of the

constituent binary compounds ayp, a;,p, dys, and a;,g,
using Vegard's law** as

Agigy = Xyaqp + Y(1 = X)ag,p + x(1 = y)ayg,

2
+ (1 =01 = yay,g, @

The Lyddane—Sachs—Teller relation were used to deter-
mine the longitudinal and transverse phonon frequencies
(LO and TO).>*3

2
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where €, €, er*, e, M, Q are the high-frequency dielec-
tric constant, static dielectric constant, transverse effective
charge, electron charge, twice the reduced mass, and volume
occupied one atom, respectively.

The sound velocity was calculated using the crystal den-
sity (g) and stiffness constants (cij).36

v=4/— &)

If the quaternary alloy of interest is lattice-matched to
a substrate, namely GaSb, InAs, InP, the lattice matching
condition is obtained by using the lattice constant of a sub-
strate instead of the lattice constant of the studied alloy. The
substrate lattice matching relations are given by

For GaSb substrate®

0.3835 — 0.3439 x
= L 0<x<1
Y= 0610400616~ — (6)

For InP substrate®®

y= 0.6104 — 0.3439 x’ <x<1 )
0.6104 + 0.0616 x

For InAs substrate>°

0.4211 — 0.3439 x
y= ,0<x<1 (8)
0.6104 + 0.0616 x

Or in general,

_dy+dy

- ’ —_ Sl
T ardy =¥ ®)

where di are expressed in terms of the corresponding lattice
constants of the binary compounds, where

d; = ag, — apgy (10)
dy = apgp — app (11)
d; = apsp — apgy (12)
dy = ayp + apgp—(ayp + asp) (13)

Knowing the form factors and the lattice constants of the
Al In;_,P Sb,_, system for a certain composition parameter
X, the energy eigenvalues are calculated by solving numeri-
cally the secular determinant, more details are found in’738

H%|%+ 6;’|2— E@u+ Y, Vi [AG) | =0 (14)
GG’

The band structure calculation in this method is designed
to solve the eigenvalue problem for the energy E, as indi-
cated by Eq. 14. V(G') is the Fourier component of the
periodic part of the Bloch function, as seen in Eq. 14. The
size of the matrix and the precision of the calculation are
both determined by the number of employed reciprocal
lattice vectors. A specimen of length 50a is used to select
ié(iéx, %y,ic'z) values, where the number of sample points is
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twice the value of 50, i.e. 100, by taking into account the
entire Brillouin zone (BZ) interval [—1, 1]. X is calculated
for the energy band gaps for the binary compounds, AlP,
AlSb, InP, and InSb, and some of their related alloys lattice-
matched to GaSb, InAs, and InP for some Al concentrations
and compared with the available published data.

Results and Discussion

In Table I, we give our results for the calculated direct
Eg(x), and indirect Eé(x),Eif(x) energy band gaps of
Al,In,_,P Sb,_, lattice-matched to GaSb, InAs, and InP sub-
strates for the compositional parameter, x. Some results are
compared with the available theoretical or experimental data
from the literature'*°¢3°*! and showed good agreement. It
is known that the lattice constant of InP is less than that of
InAs and GaSb. Because the energy band gaps and the lat-
tice constant have an inverse relationship in this scenario, the
energy band gaps of the quaternary alloy lattice-matched to

InP are larger than those lattice-matched to GaSb and InAs
substrates over the entire composition region.

The variation of the direct energy band gaps E; of
Al,In,_,P, Sb,_, alloy versus its Al content for the three
different substrates is displayed in Fig. 1. In this figure, we
observe that Eg are increased with increasing the composi-
tion parameter x in the region 0-0.3 and then slightly
decreased whatever substrate was used. The energy band
gaps of Al,In;_,P, Sb,_, lattice-matched to InP have larger
values than those lattice-matched to GaSb and InAs sub-
strates. However, the variation of Egband gap of
Al In,_ P Sb,_, lattice-matched to GaSb and InAs sub-
strates is very close.

Table II shows our results for the polarity and the trans-
verse effective charge of Al,In,_ P, Sb,_, lattice-matched
to GaSb, InAs, and InP substrates. For comparison, avail-
able published data are presented and a good agreement is
reported. With increasing Al concentration, x, the polarity of
AlIn,_,P, Sb,_, is slightly decreased for all used substrates.

Tablel Band-gap energies

C d Band A%
of AIP, AISb, InP, InSb and empoun and gap energy (eV)
their alloys lattice-matched EgTl Error % EgL Error % Eg X Error %
to different substrates for
some compositions (x) at 3.54 3.53 2.48
room temperature and normal 3.55¢ 0.28 3.53¢ 0 2.48° 0
pressure 3.60 1.6 3.57¢ 1.1 2.5¢ 0.8
2.45° 1.2
AlSb 2.30 2.24 1.61
2.30° 0 2.21¢ 1.3 1.61¢ 0
2.30° 0 1.61¢ 0
InP 1.35 2.04 2.24
1.35° 0 1.93¢ 5.6 2.19¢ 2.2
1.34¢ 0.7
InSb 0.17 0.93 1.63
0.18¢ 55 0.93¢ 0 1.63¢ 0
0.17% 0
InP, ¢3Sb, 5,/GaSb 0.99 1.69 2.09
InP; ;4Sb, 3,/InAs 1.06 1.76 2.12
Al »5Ing 75P 45Sby 5,/GaSb 348 2.85 2.13
Al 55Ing 75P 54Sbg 46/InAs 3.54 2.92 2.16
Al »5Ing 75 Py ¢4Sbg 1¢/InP 3.84 3.26 2.33
Al 5In 5P, 53Sby ¢,/GaSb 3.08 3.29 2.05
Al sIng 5Py 34Sby ¢/InAs 3.15 3.36 2.09
Al sIng 5P 6Sby 3,/InP 347 3.69 2.30
Al 55Ing 55P 19Sbg 5;/GaSb 2.72 2.78 1.89
Al 75Ing 25Po 25Sbg 75/InAs 2.78 2.85 1.94
Al 75Ing 55P 54Sbg 4¢/InP 3.12 3.20 2.17
Al P 06Sb, 9./GaSb 2.37 2.32 1.67
Al Py,,Sb go/InAs 2.44 2.39 1.72
Al P 3oSby ¢o/InNP 2.79 2.75 1.98

aRef. 36, PRef. 39, °Ref. 1, ‘Ref. 40, °Ref. 41.

@ Springer



Impact of Substrates on the Electronic and Mechanical Properties of Al,In;_P,Sb;_,... 3153

| ===e(Gash)
= =(InAs)
e (|NP)

35 F

25 | =~

Egr (ev)

15 /

05 F

0 01 02 03 04 05 06 07 08 09 1
Composition (x)

Fig. 1 The energy band gap Egrof Al In, P Sb,_, for GaSb, InAs
and InP substrates as a function of composition (x).

Table Il Polarity(a,) and transverse effective charge (ex) of AIP,
AlSb, InP, InSb, and their alloys lattice-matched to different sub-
strates for some compositions (x) at room temperature and normal

pressure

Compound () Error % (e;*) Error %
AlP 0.40 2.40

0.40* 0 238" 0.8
AlSb 0.23 1.90

0.24* 4.1 191* 0
InP 0.35 2.27

0.33*  6.06 2.19° 3.6
InSb 0.28 2.06

200 1.4

InPy 67535bg 37,7/GaSb 0.33 2.20
InPy 6399Sbg 3101/ InAS 0.34 2.21
Alg 51Ny 75P0 47545bg 5246/GaSb - 0.32 217
Al sIng 75Po 535550 4645/ INAs - 0.32 2.18
Alg 51N 75 P g330Sbo, 1620/ TP 0.35 2.26
AlysIng 5P 3200Sbg 670/GaSb  0.30 2.11
AlysIng 5Py sss6Sbosr1/InAs 031 2.13
AlysIng 5Py 635Sb0316,/InP 0.34 223
Alg 751 55P0.19135bg gog7/GaSb - 0.27 2.03
Al 75Ing 55Pg24855bg 7515/IAs - 0.28 2.05
Alg 751 55P0 53685P0 4632/ TnP 0.32 2.18
AL Py 9559Sby g411/GaSb 0.24 1.93
AlLPg 11495by gs51/InAs 0.25 1.96
Al Py 3966Sbg 634/ InP 0.30 2.11

Ref. 42, PRef.43, “Ref.44, ‘Ref 45.

The transverse effective charge has the same behavior of the
polarity and their values are larger when the alloy is lattice-
matched to InP compared to GaSb and InAs substrates.

The calculated elastic constants Cy;, Cy, and Cyy of
Al In;_, Py Sb,_, for some different values of Al concentra-
tion and all substrates are listed in Table III and displayed
in Fig. 2. From the results, it is seen that all the elastic con-
stants are slightly increased when Al content is enhanced
whatever the used substrates. The trends of the elastic con-
stant of the alloy when using GaSb, InAs and InP substrates
are qualitatively consistent with each other. Further quan-
titative analysis shows that the largest elastic constant is
obtained when alloy is lattice-matched to InP substrate while
the smallest elastic constant is obtained when the alloy is lat-
tice-matched to GaSb in the entire composition range. This
is because the polarity of InP is higher than that of InAs and
GaSb. Also, InP has a smaller nearest-neighbor distance than
GaSb and InAs. The elastic constants C,;, C,, and C,, are
inversely proportional to the nearest-neighbor distance and
are directly proportional to polarity. For all substrates, the
values of C, are larger than C, and C,, values. Our results
are compared with the available published data and showed
good agreement. In Table III, the values of the elastic factors
fulfill the stability conditions C;;>0, C44>0, C,,—C,,>0,
C,;+2C,>0,* which shows that AlIn, P/ Sb,_ alloys are
mechanically stable in their structure.

In Table IV, we show our results for the bulk B,, shear
C,, and Young ¥, moduli in AlIn,_,P, Sb,_, lattice-matched
to GaSb, InAs, InP substrates fot some compositions (x).
The trends of the elastic parameters with enhanced Al con-
tent in Al In,_,P Sb,_, are qualitatively similar for all used
substrates. The bulk, Young's and shear moduli have the
same behavior for the elastic constants. This is because they
depend on the elastic constants C;, C,,, and C,,. Their val-
ues are slightly increased with increasing x; however, the
real values for InP substrate are larger than those for other
substrates. The variation of B, C; and Y, moduli versus x are
displayed in Fig. 3. According to Pugh's correlation,* the
Al,In,_,P, Sb,_, alloys are ductile materials. This is because
the calculated bulk/shear values for the alloys under investi-
gation are greater than 1.75.

The bond-stretching (@), bond-bending (f) force con-
stants, and internal strain parameters ({) for some compo-
sitional alloys and the different substrates are inserted in
Table V and displayed in Fig. 4. Our results in this table are
compared with the existing data in the literature and a good
agreement is observed. From Fig. 4, we show that («) and
(p) are slightly increased with increasing Al concentration;
however, ¢ has the smallest values and is not affected by
enhancing the compositional parameter whatever the used
substrates.

The LO phonon frequency's Debye temperature is a sig-
nificant parameter in the research of polaron mobility at
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Table lll Elastic constants

of AIP, AISb. InP, InSb and Compound Elastic moduli (10" dyn/cm?)
their alloys lattice-matched C, Error % C, Error % Cyu Error %
to different substrates for
some compositions (x) at AlP 13.20 5.75 5.31
room temperature and normal 13.372 12 5.832 13 5.76° 7.8
pressure 13.24 0
AlSb 8.94 3.85 3.61
8.93* 0.1 3.85% 0 4.07¢ 11.3
InP 9.89 4.29 3.98
10.22¢ 32 4.43* 3.1 4.60° 13.4
InSb 6.53 2.82 2.63
6.60% 1 3.53¢ 20.1 3.02¢ 12.9
InP, ¢,43Sb; 37,,/GaSb 8.41 3.64 3.39
InP 44995y 310,/ INAS 8.63 3.74 3.48
Al 55Ing 75Pg 47545 5046/GaSb 8.53 3.69 3.44
Al »5Ing 75P 53555D0 4645/ INAS 8.74 3.78 3.52
Al 55Ing 75 Py g330Sbg, 1620/INP 9.92 4.30 4.00
Al sIng 5P 3099Sbg ¢701/GaSb 8.71 3.76 3.51
Al sIng 5P 3356Sbg 6114/ INAS 8.92 3.86 3.60
Al sIng 5Py 6338Sbg 3162/InP 10.05 4.35 4.05
Al 75Ing 55Po 19135b g057/GaSb 8.93 3.85 3.60
Al 75Ing 55P 24555bg 75,5/ InAs 9.14 3.95 3.69
Al 75Ing 55Pg 5368SDg 4630/ InP 10.26 4.44 4.13
Al Py 45590Sb 941,/GaSb 9.16 3.95 3.70
Al Py 149Sby ggs51/InAs 9.38 4.04 3.79
Al Py 3966Sby 6034/InP 10.53 4.55 4.25
“Ref. 42,%Ref.47, "Ref 21, “Ref.36, °Ref.43, Ref.48, Ref.36.
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Fig.2 Elastic constants (Cy;, C,, Cyy) of AlIn;_,P,Sb,_, for GaSb, InAs and InP substrates as a function of composition (x).

finite temperatures. This temperature is given by 6,, =

0 02 04 06 08 1

Composition (x)

(@

hwy,
k b

where k is the Boltzmann’s constant. The Debye temperature
(Bp) for the Al In,_,P ,Sb,_, alloy for different substrates

@ Springer

Composition (x)

(b)

Composition (x)

(c)

(GaSb, InAs, and InP) as a function of composition (x)
is displayed in Fig. 5. It is seen that the Debye tempera-
ture is increased nonlinearly by increasing composition.
Also, the Debye temperature for the Al,In,_,P Sb,_, alloy
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Table IV Elastic moduli of Compound Elastic moduli (10" dyn/ om?)
AlP, AlSb, InP, InSb and
their alloys lattice-matched B, Error % Error % Error %
to different substrates for
some compositions ( x) at AlP 8.23 9.70 3.72
room temperature and normal 8.25% 0.2 11.25° 13.7 4.42° 15.8
pressure 8 24¢ o1
AlSb 5.54 6.62 2.54
5.80? 4.48 5.90% 12.2 2.20° 154
InP 6.16 7.29 2.79
7.23% 14.7 6.10° 19.5 2.25% 24
InSb 4.05 4.8 1.85
4.56% 11.1 4.15% 15.6 1.54% 20.1
3.89¢ 4.1
InPy 6,535byg 37,7/GaSb 5.23 6.2 2.38
InPy 699Sby 3101/ InAS 5.37 6.37 2.44
Alg 25Ing 75Pg 47545bg 5246/GaSb 5.30 6.30 2.41
Al 25Ing 75Pg 53555Dg 4645/InAS 5.44 6.45 2.47
Alg 25Ing 75 P g350Sbg, 1620/InP 6.17 7.31 2.80
Alg 5Ing 5Pg 32095bg 670,/GaSb 541 6.43 2.47
Alg 5Ing 5Py 38865b0 6114/ INAS 5.54 6.59 2.53
Al 5Ing 5Py 63355D0 3162/ InP 6.25 7.41 2.84
Alg 75Ing 55Pg 19135bg gog7/GaSb 5.55 6.60 2.53
Alg 75Ing 55P 24855bg 7515/InAs 5.68 6.76 2.59
Alg 75Ing 55Pg 53655P0 4632/ TP 6.38 7.57 2.90
Al P (5395bg 9411/GaSb 5.69 6.78 2.60
Al Py 1495bg gg5,/InAs 5.82 6.94 2.66
Al Pj 30665b 6034/INP 6.54 7.78 2.98
“Ref. 36,°Ref.48, "Ref 21, °Ref.50.
3 3.2 6.8
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Fig. 3 Elastic moduli (Y,, C,, B,) of AlIn;_ P, Sb,_, for GaSb, InAs and InP substrates as a function of composition (x).

lattice-matched to the InP substrate has higher values than
the InAs and GaSb substrates.

The LO and TO phonon frequencies are determined
by the Lyddane—Sachs—Teller relation.>*3> The calculated

LO(I') and TO(I") phonon frequencies and their depend-
ence on composition for Al,In;_ P Sb,_, alloy at different
substrates are shown in Fig. 6. As observed in our results,
the frequencies of these two modes increases non-linearly

@ Springer



3156

0. A. Alfrnwani et al.

TableV Calculated bond-

. ) Compound a (N/m) Error % Error % Error %
stretching (@), bond-bending
® forcle constants, and AIP 41.62 10.17 0.6073
Y Ztlrsat‘)“ﬁfgaﬁ‘lgfrﬁ 43250 37 10190 019 0618 1.7
their alloys lattice-matched AlSb 3144 7.80 0.6024
to different substrates for 31.89* 14 7.74% 0.7 0.635" 5.2
some compositions (x) at InP 33.41 821 0.6054
;‘;Zg:f;"pm‘“re and normal 35.36¢ 55 8420 24 0595¢ 1.7
6.24° 31.5
InSb 24.29 6.01 0.6034
25.15% 34 6.13% 1.9 0.598% 0.9

InP; ¢,43Sb, 37,7/GaSb 29.48 7.26 0.656" 8

InP) 4309Sbg 3101/ INAS 30.09 7.41 0.6047

Al 55Ing 75Pg 47545 5046/GaSb 29.89 7.37 0.6048

Al 25Ing 75P 53555D0 4645/ INAS 30.46 7.50 0.6043

Al »5Ing 75 Py g330Sb0 1620/INP 33.52 8.24 0.6045

Al 5Ing 5P 3099Sbg 6701/GaSb 30.51 7.53 0.6053

Al sIng 5P 3356Sbg 6114/ INAS 31.06 7.66 0.6038

Al sIng 5Py 6338Sbg 3162/InP 33.93 8.35 0.6040

Al 75Ing 55Po 19135b g0s7/GaSb 31.25 7.73 0.6050

Al 75Ing 55P 24555b0 75,5/ InAs 31.79 7.86 0.6032

Al 75Ing 55Pg 53685D0 4630/ INP 34.61 8.53 0.6034

Al Py 4550Sb 941,/GaSb 32.04 7.94 0.6045

Al Py 1 149Sby gs51/InAs 32.60 8.08 0.6025

Al Py 3066Sby 6034/InP 35.50 8.77 0.6038

aRef. 42, PRef. 51, °Ref. 52, ‘Ref. 43.

36 9 0.6061
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(b)

Fig. 4 bond-stretching (o), bond-bending (B) force constants and internal strain parameter (§) of AlIn;_,P,Sb,_, for GaSb, InAs, and InP sub-

strates as a function of composition (x).

with increasing composition from O to 1. Subsequently,
the transverse effective charge is increased with increas-
ing composition, since the transverse effective charge
increases with the composition. The stronger the bond
level, the higher the vibration frequency, and vice versa.

@ Springer

The optical phonon mode, which is dependent on the
bond level, has the maximum vibrational frequency at the
I'-point. The phonon frequencies (w;q, ®rg) in 1013 571
of the central optical phonon modes for AlIP, AlSb, InP,
and InSb compounds were calculated to be (11.25, 9.98),
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(8.87, 8.53), (6.81, 6.19), and (3.22, 3.03), respectively. It
is noted that the calculated values of w;, and wy, are in
reasonable agreement with the experimental and published
data, %4334 justifying the reliability of our calculated
data. The obtained data for the calculated longitudinal
and transverse phonon frequencies of Al In,_,P Sb,_, at
different values of composition may be taken as a refer-
ence for future experimental work. It is observed that the
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Fig.5 Debye temperature (8p) of AllIn,_,P/Sb,_, for GaSb, InAs
and InP substrates as a function of composition (x).
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AlxInl—xPySbl—y alloy has higher values of the phonon frequencies O, and
O, for the InP substrate than the other two substrates (GaSb

and InAs).

It is well recognized that studying transport and optical
properties in polar semiconductors necessitates an under-
standing of the electron-LO lattice vibration coupling, which
cannot be overlooked. The well-known Frohlich coupling
constant is a measure of the interaction between electrons
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Fig.7 Frohlich coupling constant (ap) of AlIn,_P,Sb,_, for GaSb,
InAs and InP substrates as a function of composition (x).
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(b)

Fig.6 Phonon frequencies (o, and ) of Al In,_ P Sb,_, for GaSb, InAs, and InP substrates as a function of composition (x).
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Fig.8 The acoustic velocities of Alxlnl_xPySbl_y for (a) GaSb substrate, (b) InAs substrate, and (c) InP substrate as a function of composition

(X).

and LO phonons w(}lﬁich is given by
ap = 0.5<6L - %)%, 3356 where m* is the elec-
oo 0 Lo

tron effective mass. It is highly influenced by the crystal's
ionic polarization, which is linked to the dielectric constants.
Figure 7 shows Frohlich coupling constant (o) of
AlIn,_,P.Sb,_, for GaSb, InAs and InP substrates as a func-
tion of composition, which shows that it increases with
increasing composition from 0 to 0.25 and decreases from
0.25 to 1 for two substrates (GaSb and InAs). It is noted that
this constant increases by increasing composition from 0 to
0.4 and decreases from 0.4 to 1 for the InP substrate. The
constant has higher values for the InP substrate than the
other two substrates.

The longitudinal and transverse sound velocity propagat-
ing along with the three major directions [100], [110], and
[111] for the Al In,_,P Sb,_, alloy for different values of
composition and different substrates are listed in Table VI
and displayed in Fig. 8a, b, and c. The calculated data of the
sound velocity (in 10° cm/s) along the three major direc-
tions for the considered alloys are in good agreement with
the available results (in Table VI). The calculated results
of the sound velocity at the rest values of composition may

be taken as a reference for future experimental work. It can
be observed from Fig. 8§ that the longitudinal and trans-
verse sound velocity for the three major directions [100],
[110], [111] of Al,In;_,P Sb,_, is increased with increas-
ing composition. It is noted that the acoustic velocity for
Al In,_P.Sb,_, lattice-matched to InP substrate has higher
values than that for InAs and GaSb substrates.

Conclusion

Based on EPM within the virtual crystal approximation
(VCA), the energy band gaps of Al,In,_,P Sb,_, lattice-
matched to GaSb, InAs, and InP substrates and its constitu-
ents are calculated for different Al concentrations. The polar-
ities and transverse effective charge of the Al,In;_,P,Sb;_,
system are determined from the symmetric and anti-sym-
metric form factors at G(1,1,1) using Vogl's definition. The
elastic constants C;, C;,, C4 and their related elastic mod-
uli B, C; and Y, are calculated and their variation with Al
concentration has been examined. Also, the bond-stretching
(a), bond-bending (f) force constants, and internal strain
parameters ({) are calculated for the used substrates. The

@ Springer
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Debye temperature and the Frohlich coupling constant have
been determined at different values of composition lattice-
matched to different substrates. The phonon frequencies
and the sound velocity for different substrates at various
compositions have been studied. Most of our results are
compared with the known data in the literature and showed
good agreement. Our data cover a wide range accessed by
varying compositions and substrates. The calculated quanti-
ties in this work may be of great interest for both theoretical
experimental research and devise applications; it opens up
the possibility of developing new electronic devices.
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