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Abstract. The electronic and positronic properties of the pentanary semiconductor alloys
GaxIn1−xPySbzAs1−y−z lattice matched to GaSb have been studied. The electron wave function is
calculated semiempirically using the pseudopotential band model under the virtual crystal approximation.
The positron wave function is evaluated under the point core approximation for the ionic potential.
Electronic and positronic quantities namely, electronic structure and band gaps, positron band structure,
effective mass and affinity, and electron-positron momentum densities have been predicted and their
dependence on the phosphorus composition has been discussed.

PACS. 71.20.-b Electron density of states and band structure of crystalline solids – 71.60.+z Positron
states – 78.70.Bj Positron annihilation

1 Introduction

In recent years, efforts have been made to provide a deeper
understanding of electronic properties of semiconductor
alloys, with a view to improving the tunability of band
structure parameters for guiding the successful design and
fabrication of optoelectronic devices over a continuous
broad spectrum of energies. At present, III-V compound
semiconductors provide the materials basis for a number of
well-established commercial technologies [1]. Their multi-
component alloys are promising candidates for many de-
vice applications such as high speed electronic and long
wavelength photonic devices because their band gaps (E0)
cover a wide spectral range from ∼0.3 eV to ∼1.5 eV (i.e.,
λ (µm)= 1.24/E0 (eV); 4.1−0.8 µm) [2]. Recently de-
veloped techniques for growing crystalline random alloys,
such as molecular beam epitaxy (MBE), liquid phase epi-
taxy (LPE), and metalorganic chemical vapor deposition
(MOCVD), have stimulated theoretical and experimen-
tal research on ternary and few quaternary semiconduc-
tor alloys [1–7]. However, to the best of our knowledge,
no experiments for III-V multi-component semiconductor
alloys, with more than two composition variables, (i.e.,
larger than quaternary alloys) have been conducted so far.
On the theoretical side, the first theoretical reports on the
pentanary alloys (with three composition variables) have
been published very recently by Shim and Rabitz [8–10]
using the universal tight binding model based on a mod-
ified pseudo-cell. Their investigations were undertaken in
the pentanary alloy GaxIn1−xPySbzAs1−y−z of dimension
N = 3 (i.e., x, y and z). One reason for the paucity of
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experimental data for multi-component semiconductor al-
loys, with two composition variables and over, has been
the lack of a systematic means to guide the experiments
towards interesting regions of the composition space [2],
whereas the scarcity of the theoretical work is mainly due
to the computational difficulties and complexity.

The behavior of positrons in condensed matter has
been the subject of intense experimental and theoreti-
cal investigation during the last decades, and the use
of positrons can serve as a very efficient and sensitive
probe of the electronic and atomic structure of materi-
als [11–18]. In a typical experiment, positrons are injected
into the target material either directly from a radioac-
tive source or as a monoenergetic beam. Once injected
the positrons rapidly lose their primary energy and being
thermalized. The thermalized positrons diffuse through
the sample until annihilation. The angular correlation of
the two γ-rays resulting from the most probable decay
process can be measured. In general, the interpretation
of these measurements is facilitated by a computation of
the momentum distribution of the two photons emitted
in the annihilation process. Integration of this calculated
two-photon (2γ) momentum distribution along a speci-
fied direction in momentum space yields a distribution
that can be compared directly with the measured angular
correlation. Since these photons are created by positron
annihilation with electrons in a solid and the momentum
distribution of the photons thus corresponds to that of
the electrons, the angular correlation of positron annihila-
tion radiations is considered to be a powerful method for
studying the electronic structure of solids [19], because the
positron mainly samples the valence electrons.
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Table 1. Band-gap energies of GaAs, InAs, GaSb, InSb, InP and GaP.

Compound Band-gap energy (eV)

EΓ
g EX

g EL
g

Exp. EPM Exp. EPM Exp. EPM

Calculations∗ Calculations∗ Calculations∗

GaAs 1.42 [31] 1.42 1.81 [31] 1.81 1.72 [31] 1.72

InAs 0.36 [3] 0.36 1.37 [3] 1.37 1.07 [3] 1.07

GaSb 0.725 [32] 0.715 1.03 [33] 1.012 0.761 [33] 0.777

InSb 0.18 [3] 0.18 1.63 [3] 1.63 0.93 [3] 0.93

InP 1.35 [3] 1.35 2.21 [3] 2.21 2.05 [3] 2.05

GaP 2.78 [34] 2.774 2.26 [34] 2.25 2.6 [34] 2.6
∗ Present work

Up to now, the positron annihilation is successfully
applied to investigate the electronic structure of elemen-
tal and compound semiconductors [20–28]. However, only
limited studies have been reported on III-V ternary and
quaternary alloys [29,30]. Moreover, to the best of our
knowledge, positronic properties have never been previ-
ously reported for the pentanary semiconductor alloys.
Thus, this paper is concerned with the theoretical study
of the electronic and positronic properties in the penta-
nary semiconductor alloys GaxIn1−xPySbzAs1−y−z lattice
matched to GaSb. The motivation for studying such alloys
is that they are expected to provide more diverse opportu-
nities to achieve desired band gaps while still maintaining
the lattice matching conditions by controlling the compo-
sition components [2,9]. The purpose of this paper is to
predict theoretical data for the band gaps of the alloy of
interest which may serve to obtain the desired property
and to determine for various compositions the positron
band structure in particular the bottom of the lowest-
energy band from which we extract the positron band ef-
fective mass and affinity that are important parameters for
positron diffusion and preferential occupation or annihila-
tion in semiconductors. We are also interested to calculate
for different concentrations the electron-positron momen-
tum densities along different directions and to deduce the
corresponding percentage anisotropies. The shapes of the
momentum distributions sensitively reflect the electronic
states in the materials under investigation and hence their
analysis may provide important microscopic information
on these states. However, the calculations of these quan-
tities need the knowledge of the electron and positron
wave functions. For that, the electron wave functions are
calculated using the empirical pseudopotential method
(EPM) under the virtual crystal approximation (VCA)
which found to be reliable for quaternary semiconduc-
tor alloys [6] when the compositional variations are taken
into account. Because it is difficult to incorporate many-
particle effects into the theory, the positron wave functions
have been calculating in the point-core approximation for
the ionic potential. We note that there is no exclusion
principle between the electron and its anti-particle, the
positron. The positron interactions are purely Coulombic
in nature. We assume that there is only one positron in

the sample at any time and hence there is no exchange
part because there is no positron-positron interaction.

The organization of the paper is as follows. We ex-
plain the computational method in Section 2. The calcu-
lated results are presented and discussed in Section 3. We
conclude the present work in Section 4.

2 Calculations

The electronic wave functions are obtained from the elec-
tronic band structure calculation that is based on the
EPM, which involves the fitting of the atomic form fac-
tors to experiment. Therefore, the first step in this cal-
culation is to find the best possible set of atomic form
factors, which will describe well the band structure. The
experimental energy band gaps at the principal symmetry
points of the Brillouin zone used in the fitting procedure
are given in Table 1. The final adjusted local symmet-
ric and antisymmetric atomic form factors obtained from
the optimization model [35] and used in our calculations,
alongside with the lattice constants for GaAs, InAs, GaSb,
InSb, InP, and GaP, are shown in Table 2.

The electron wave functions are expanded into plane
waves,

ψn,k(r) =
(

1
Ω

) 1
2 ∑

G

Cn,k(G) exp[i(k +G)r] (1)

where Ω is the unit-cell volume and G is a reciprocal lat-
tice vector. The cut-off energy of the plane waves is taken
to be 14 Ry in the actual calculation.

It is straight forward to extend our treatment to al-
loys through the use of the VCA. Thus, for the multi-
component alloy which has the form AxB1−xCyDzE1−y−z,
the pseudopotential form factors are calculated according
to the following expression,

VVCA(G) = xy VAC(G)+xz VAD(G)+x(1−y−z)VAE(G)

+ (1 − x)y VBC(G) + (1 − x)z VBD(G)

+ (1 − x)(1 − y − z)VBE(G). (2)
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Table 2. Pseudopotential form factors obtained from the non linear least squares method and used lattice constants for GaAs,
InAs, GaSb, InSb, InP and GaP.

Compound Form factors (Ryd) Lattice

VS(3) VS(8) VS(11) VA(3) VA(4) VA(11) constant

(Å)

GaAs −0.239833 0.0126 0.059625 0.060536 0.05 0.01 5.653

InAs −0.182147 0.00 0.047107 0.094714 0.05 0.03 6.058

GaSb −0.191206 0.005 0.043533 0.045340 0.03 0.00 6.118

InSb −0.201822 0.01 0.028443 0.064645 0.03 0.015 6.49

InP −0.213862 0.00 0.070499 0.088818 0.06 0.03 5.869

GaP −0.210510 0.03 0.072244 0.132668 0.07 0.02 5.451

Fig. 1. Allowed lattice matching relations among x, y and z
for the alloy GaxIn1−xPySbzAs1−y−z with the substrate GaSb.

The lattice constant a(x, y, z) of the pentanary alloy is
determined by using Vegard’s law [36] as,

aABCDE(x, y, z) = xy aAC + xz aAD + x(1 − y − z) aAE

+ (1 − x)y aBC + (1 − x)z aBD + (1 − x)(1 − y − z) aBE.
(3)

The lattice matching conditions for the pentanary al-
loy GaxIn1−xPySbzAs1−y−z on GaSb substrate are as
follows,

y =
asub − 0.033xz + 0.405x− 0.432z − 6.058

−(0.013x+ 0.189)
(4)

where asub = aGaSb = 6.118 Å.
The allowed lattice matching relations among x, y,

and z for the alloy GaxIn1−xPySbzAs1−y−z with the sub-
strate GaSb are shown in Figure 1.

For evaluating the positron potential, we have adopted
the same approximation as that used in our previous pa-

per [28], where the total ion charge is expressed as,

V α
i (r) = zα

e2

r
(5)

zα is the valence charge of atom α, while the electron-
positron Coulomb potential is taken as,

VC(r) = −2
∫

ρ(r′)
|r − r′|d

3r′. (6)

The positron gets pushed away from the ion core re-
gion into the interstitial positions, with its wave function
vanishing at the ion core. This smooth structure of the
positron wave function, which has no oscillations in the
ion core region, lends itself very well to a representation
in terms of a relatively small number of plane waves [37],

ψ+(r) =
(

1
Ω

) 1
2 ∑

G

A(G) exp(iGr) (7)

where G is a reciprocal lattice vector. The coeffi-
cients A(G) are found out by solving the positron secular
equation.

The positron after coming to rest in the medium an-
nihilates with the electrons giving rise to two photons,
mostly emitted in directions opposite each other. The
probability of annihilation of the electron-positron pair
with momentum p is proportional to the pair momentum
density,

ρ2γ(p) = c
∑
n,k

ηn(k)
∣∣∣∣
∫
ψn,k(r)ψ+(r) exp(−ipr)d3r

∣∣∣∣
2

.

(8)
Here c is a constant, ψn,k(r) is the Bloch wave func-
tion for an electron with band index n and wave vec-
tor k and ψ+(r) is the ground state wave function of the
positron corresponding to the wave vector k = 0, ηn(k)
is the occupation probability. In the present work, about
600 k points have been used to sample the Brillouin zone
in each direction.

The long-slit angular correlation profile is repre-
sented as,

N(pz) =
∫ +∞

−∞

∫ +∞

−∞
ρ2γ(p)dpxdpy. (9)
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Fig. 2. Electron band structure for GaxIn1−xPySbzAs1−y−z

lattice matched to GaSb.

3 Results

3.1 Electronic structure and band gaps

Figure 2 displays the calculated electron band structure
of GaxIn1−xPySbzAs1−y−z pentanary alloy for z = 0.4
and y = 0.60 lattice matched to GaSb along representa-
tive symmetrical directions of the Brillouin zone. The top
of the valence band is taken as energy zero. The overall
shape of the band structure seems to be similar to those of
Ga0.6In0.4P0.1Sb0.1As0.8 and Ga0.6In0.4P0.7Sb0.1As0.2 [10]
and that of Ga0.2In0.8P0.5Sb0.4As0.1 lattice matched to
InAs [38]. Both valence band maximum and conduction
band minimum occur at the Γ high-symmetry point.
Thus, the pentanary alloy of interest is a Γ → Γ di-
rect – gap semiconductor with EΓ

g = E0 = 0.96 eV.
Using the universal tight binding model based on a
modified pseudocell, Shim and Rabitz [10] have re-
ported a value of 0.901 eV for E0 in the alloy system
GaxIn1−xPySbzAs1−y−z (with z = 0.4, y = 0.6 and
x = 0.043) lattice matched to GaSb. This value compares
well with our obtained one. Recently Bouarissa et al. [38]
have reported that there is a discrepancy between their
results regarding the fundamental energy band gap of the
pentanary alloy Ga0.2In0.8P0.5Sb0.4As0.1 lattice matched
to InAs and those reported in reference [10] for E0 in
GaxIn1−xPySbzAs1−y−z (with z = 0.4, y = 0.5 and
x = 0.181) lattice matched to InAs. This discrepancy
has been termed to be due to their calculations which
neglected the effect of compositional disorder. We do con-
clude then that the effect of the latter on the present calcu-
lations is not as important as on Ga0.2In0.8P0.5Sb0.4As0.1

lattice matched to InAs. Due to the fact that in our case
x ≈ 0.0 (the pentanary alloy of interest is lattice matched
to GaSb with z = 0.4 and y = 0.60) which means that the
material under study is a ternary alloy, on the contrary to
the case when the alloy system is lattice matched to InAs

Fig. 3. Direct and indirect band-gap energies versus phospho-
rus composition in GaxIn1−xPySb0.4As0.6−y lattice matched
to GaSb.

with z = 0.4 and y = 0.5, where x ≈ 0.2 (the material
under investigation is a pentanary alloy), our results sug-
gest that the compositional disorder is as important as the
number of composition variables for the multi-component
semiconductor alloys is higher.

In Figure 3, we have plotted the variation of the di-
rect (E0) and indirect (EX

g and EL
g ) energy band gaps

for the pentanary alloy of interest (z = 0.4) as a function
of the composition y, with y varying from 0.18−0.6. All
the band gap energies increase as the P concentration in-
creases. Their behavior shows clearly that the absorption
at the fundamental optical gaps in the alloy system under
consideration is direct (Γ → Γ ) ranging in composition
from y = 0.18 to y = 0.6. Qualitatively, the same behavior
has been reported in reference [9]. From the quantitative
point of view, our results show that the band gaps (EΓ

g ,
EX

g and EL
g ) of the alloy GaxIn1−xPySbzAs1−y−z lattice

matched to GaSb with z = 0.4 and y = 0.6 are 0.96, 2.07
and 1.67 eV, respectively, which compare well with those
of 0.901, 1.954 and 1.586 eV reported in reference [10]. It
should be noted that the composition z may have other
values rather than 0.4, provided that the allowed lattice
matching relations among x, y and z for the alloy of in-
terest are satisfied as shown in Figure 1. In these cases,
the variation of y implies that the alloy under investiga-
tion provides more opportunities to obtain a desired band
gap that could not be provided by ternary and quaternary
alloys.

3.2 Positron band structure and related properties

The positron band structures for z = 0.4 and for differ-
ent y compositions allowed by the lattice matching con-
ditions for the alloy of interest along the representative
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Fig. 4. Positron band structure for GaxIn1−xPySbzAs1−y−z

lattice matched to GaSb.

symmetry lines of the Brillouin zone are computed. In or-
der to facilitate the comparison with the electron band
structure (Fig. 2), the zero energy reference is also taken
to be at the top of the fourth band. We show just the curve
for one y value (y = 0.60) (Fig. 4), since plots for the oth-
ers were found to coincide (no differences among curves
for three different values of y in the range 0.18−0.60 were
visible). This may be due to the fact that the lattice con-
stant is the same for all materials whatever the value of y,
since the pentanary alloy of interest is lattice matched
to GaSb. The picture is similar to those of the positron
in III-V multi-component semiconductor alloys, with less
than three composition variables [29,39,40] and resembles
to that of the electron band structure (Fig. 2). Generally,
the difference between positron band structures lies in the
bottom of the lowest positron energy band at Γ state at
k = 0, that corresponds to the positron thermalization
energy, which has different values for different materials.
Giving the fact that the positron thermalization time is
short compared to its lifetime, the positron will annihilate
in its fundamental energy state. The lowest positron band
is rather free-particle-like and resembles closely the lowest
valence electron one (Fig. 2).

The positron effective mass is an important param-
eter for studying positron diffusion in semiconductors.
Strictly speaking, such a parameter can be obtained from
the band structure of the material. As can be seen from
Figure 4, the first positron band in the alloy of interest
is almost perfectly parabolic and isotropic in the vicinity
of its high- symmetry Γ1-point. Thus, the effective band
mass becomes scalar and is a value independent of a di-
rection. Hence, it could be obtained simply by calculating
the positron energy in few k points near the bottom of the
lowest energy band and by taking the curvature,

m∗
b = �

2

[
d2E

dk2

]−1

(10)

Fig. 5. Positron band effective mass versus phosphorus com-
position in GaxIn1−xPySb0.4As0.6−y lattice matched to GaSb.

where m∗
b is the positron effective band mass and E is its

energy.
Our results for m∗

b versus alloy composition y over the
range 0.18−0.60 are shown in Figure 5. The variation of
the positron effective band mass as a function of the y
composition exhibits a non-linear behavior showing an up-
ward effective band mass bowing. A least-squares fit of this
curve gives the following analytical expressions,

m∗
b(y) = 1.32 + 0.19y − 0.22y2. (11)

The unit of the positron effective band mass is m0,
wherem0 is the positron free-particle mass. On going from
y = 0.18 to y = 0.60, our calculated positron effective
band mass lies in the range ∼1.353 m0–1.367 m0. Consid-
ering current experimental possibilities, it is not evident
whether such a small change of the positron effective mass
could be detected through studies of positron diffusion.
Hence, we think that changing the P content in the alloy
of interest with z = 0.4 does not affect much the positron
effective mass. The latter has been estimated from ex-
periments in few cases. However, the quantitative inter-
pretation of the experimental results is not unambiguous.
Therefore, the value of m∗ = 1.5 m0 has been considered
as a compromise over the various theoretical and exper-
imental determinations [41]. A comparison between this
value and our calculated ones, shows that the latter are
smaller than that of 1.5 m0. Such a discrepancy has been
attributed according to Panda et al. in the case of Si [42] to
the neglect of the positron-phonon and positron-plasmon
interactions. It should be noted, however, that the largest
contribution to the positron effective mass comes from the
positron band effective mass, which agrees with the results
of references [28,39,40,42].

Another interesting quantity that is related to the
positron band structure is the positron affinity (A+). The
positron affinity reflects the preference of the positron for
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Fig. 6. Positron affinity versus phosphorus composition in
GaxIn1−xPySb0.4As0.6−y lattice matched to GaSb.

Table 3. Predicted values of electron and positron
chemical potentials, and positron affinity for
GaxIn1−xPySbzAs1−y−z/GaSb.

(x, y, z) µ−(eV) µ+(eV) A+(eV)

(0, 0.6, 0.4) −0.48 −7.61 −8.09

(0.1, 0.39, 0.4) −0.43 −7.63 −8.06

(0.2, 0.18, 0.4) −0.37 −7.63 −8.00

different components in heterostructures made of different
materials and the preference between the host matrix and
precipitates in alloys [43]. Sometimes, however, A+ is un-
derstood in terms of “attractivity” to positrons of different
atoms inside materials containing more than one atomic
component, or, in other words, preferential positron occu-
pation or annihilation [44].

In our work, the positron affinity is defined by the sim-
ple relation [44],

A+ = µ− + µ+ (12)

where µ− and µ+ are the electron and positron chemi-
cal potentials, respectively. µ+ may be identified with the
positron thermalization energy, whereas µ− is determined
from the electron band structure and identified with the
Fermi energy. Both µ− and µ+ are defined with respect
to the same zero energy level. Table 3 shows quantitative
predictive values of µ−, µ+ and A+ for some composi-
tions (x, y, z) in the pentanary alloy of interest. There is
no experimental data to compare with, however, the cal-
culated positron affinity for GaAs and GaP using the den-
sity functional theory with the electron energy in the lo-
cal density approximation and the positron energy in the
generalized gradient approximation, are found to be −7.90
and −7.95 eV, respectively [45]. We do believe then, that
the order of magnitude of our calculated positron affinities
is reasonable. The variation of the positron affinity versus
alloy composition y in the range 0.18−0.60 is plotted in
Figure 6. In view of Figure 6, we note that the positron

Fig. 7. The integrated electron-positron momentum densi-
ties in GaxIn1−xPySb0.4As0.6−y lattice matched to GaSb along
the [110] direction.

affinity decreases non-linearly with increasing y according
to the following expression,

A+(y) = −7.92− 0.50y + 0.35y2. (13)

As a consequence, the positron has a more important
affinity for low phosphorus concentrations (for z = 0.4)
although, A+ varies by about 1% in the studied concen-
tration range. For example, for GaxIn1−xPy1SbzAs1−y1−z

and GaxIn1−xPy2SbzAs1−y2−z in contact (with y1 <
y2), the positron favours GaxIn1−xPy1SbzAs1−y1−z

with a certain affinity difference. This affixity dif-
ference results mainly from the dipole step on the
GaxIn1−xPy1SbzAs1−y1−z-GaxIn1−xPy2SbzAs1−y2−z in-
terface, because the chemical potentials for positrons
are almost equal in these pentanary semiconductor al-
loys. Namely, if a few layers of GaxIn1−xPy2SbzAs1−y2−z

are grown on GaxIn1−xPy1SbzAs1−y1−z , the positronium
emission out of the sample is strongly reduced in compar-
ison to the case when the sample is prepared by growing
GaxIn1−xPy1SbzAs1−y1−z on GaxIn1−xPy2SbzAs1−y2−z.

3.3 Electron-positron momentum densities

In Figures 7 and 8, we show the profiles of the inte-
grated electron-positron momentum densities for various y
compositions in the alloy of interest along the [110] and
[001] directions, respectively. In view of Figure 7, one
can note that the electron-positron momentum densities
along the [110] direction for the materials under study
are seen to be peaked. Compared with this, the profiles
along the [001] direction are found to be flat (Fig. 8).
This behavior is quite similar to the corresponding data
in multi-component semiconductor alloys with less than
three composition variables [29,30]. The peaking and the
flatness in the profiles along the [110] and [001] directions
could be understood in terms of the contributions from σ-
and π-bonding orbitals to the ideal sp3 hybrid bands. It
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Fig. 8. The integrated electron-positron momentum densi-
ties in GaxIn1−xPySb0.4As0.6−y lattice matched to GaSb along
the [001] direction.

is interesting to see how these momentum density profiles
are affected when going from the composition y = 0.18 to
the one of y = 0.60 (Figs. 7 and 8). It seems that increasing
the composition y manifests by a decrease of the fractional
area of the momentum density along both studied direc-
tions. This in itself leads to a decrease in the total positron
annihilation rate which in turn leads to an increase in the
positron lifetime. The decrease of the annihilation rate
is mainly due to the decrease in the valence contribution
since the pseudopotential method reflects only the low mo-
mentum components. We do think that the refinement of
the calculations making allowance for the core contribu-
tions would not change the results significantly because
the positron avoids the ion-core region. The fact that the
values of the momentum density becomes larger when the
composition y becomes smaller may be due to the valence
orbitals that are comparatively more diffused for small
compositions y for their corresponding smaller band-gap
energy. It should be noted that the variation of the com-
position y does not affect significantly the shape of the
peaking and flatness. According to reference [29], the lat-
tice constant and the bonding strengths combine to alter
the shape of the momentum density data. Since in our
case the lattice constant does not change whatever the
value of y (the material of interest is lattice matched to
GaSb), we do believe that the change of the composition y
does not affect significantly the bonding strengths of the σ
and π bands.

In order to observe the crystalline effect, it is con-
venient to check the anisotropy. The percentage of
anisotropy parameter ε is defined as,

ε =
[ρ[001](p) − ρ[110](p)]

ρ[001](0)
· (14)

The percentage anisotropies for different composi-
tions y ranging from y = 0.18 to y = 0.60 for

Fig. 9. Percentage anisotropy of the momentum densities in
GaxIn1−xPySb0.4As0.6−y lattice matched to GaSb.

GaxIn1−xPySb0.4As0.6−y with the substrate GaSb are
shown in Figure 9. The results are seen to resemble those
obtained in case of Ge [46]. However, compared to Ge,
we find a somewhat lower magnitude of the peak for
the alloy of interest. This may be because of the ion-
icity of GaxIn1−xPySb0.4As0.6−y/GaSb which gives rise
to a smaller anisotropy. Based on group theory, Saito
et al. [21] have showed recently that the symmetry in the
case of GaAs (III-V semiconductor compound) is lowered
from O7

h in the case of Si to T 2
d . The two atoms in each

unit cell are inequivalent to each other, and the number
of symmetry operations is thus decreased from 48 to 24.
Since the glide and screw operations are not included in
this space group, these crystals are symmorphic. In view
of Figure 9, one can notice also the negative value in the
low momentum region of the anisotropy. The latter is be-
lieved to be due to the anisotropic positron wave function
which samples the electron density differently along dif-
ferent directions since according to Panda et al. [47] the
Compton profile data of III-V semiconductors show a posi-
tive anisotropy. It seems that increasing the composition y
over the range 0.18 to 0.60 has no significant effect on the
percentage anisotropy.

4 Conclusion

We have investigated the electronic and positronic
properties of the pentanary semiconductor alloys
GaxIn1−xPySbzAs1−y−z/GaSb (with z = 0.4). The de-
pendences on phosphorus concentration y (0.18 ≤ y ≤ 0.6)
of several electronic and positronic quantities such as,
band structure, energy gaps, effective band mass, affinity,
momentum densities and percentage anisotropy have
been predicted.

Generally our results regarding the electronic proper-
ties of the alloy of interest compared well with those ob-
tained from the universal tight binding model based on
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a modified pseudocell. Although no experimental data re-
garding the electronic properties of the alloy under consid-
eration are available for the time being, our results suggest
that the alloy GaxIn1−xPySbzAs1−y−z/GaSb could pro-
vide additional opportunities to obtain a desired band gap
beyond that available from quaternary alloys. This ability
to tailor the materials makes them candidates for micro-
electronic engineers in their work on the design of III-V
multi-component semiconducting materials with special
features and properties. On the other hand, while most
of the predicted positronic properties are understandable
qualitatively which provides a new insight into the physics
of the positron diffusion and annihilation in III-V pen-
tanary semiconductor alloys, their quantitative behavior
seems to be difficult to be verified experimentally due to
the small change exhibited by the positronic quantities.
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Physics of Complex Systems (MPI-PKS), Dresden, Germany.
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the MPI-PKS and expresses his sincere thanks to the MPI-PKS
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