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ABSTRACT: The electrical and optical characteristics of semiconductor alloys, as well as their
applicability for advanced device applications, are largely determined by the energy band gap. This study
uses direct computational methods to examine the band gap of some chosen binary and ternary

Received: semiconductor alloys in the pure, doped non-degenerate, and doped degenerate regimes. Vegard's rule
August 30, 2025 was utilized to estimate the compositional dependency of the band gap for binary alloys while a quadratic
Accepted: relgtion with bending parameters was ysed to describe ternary systems to capture non-lin_ear pehavior.

Using a Lanyon-Tuft and semi-empirical approaches, carrier-induced band gap modulation in doped
September 22,2025 4)10ys was assessed, giving precise predictions for both degenerate and non-degenerate doping levels. The
Published:

findings suggest that changes in alloy composition may cause the band gap to shift in a monotonic or non-
linear manner. Moreover, higher doping typically leads to a band gap narrowing while the effect of
temperature shows material-dependent patterns and frequently behave similarly to Varshni. High-
performance applications in optoelectronic, photonic, and high-frequency devices are made possible by
these results, which provide crucial insights for the design and optimization of semiconductor alloys with
customized electrical properties.

October 27, 2025

1. INTRODCTION

One crucial factor affecting the electrical and optical
characteristics of semiconductor alloys is their energy gap (E,)
[1]. The energy gap of both binary and ternary semiconductor
alloys is greatly influenced by many factors such as crystal
structure, alloy composition, temperature and doping level [2-3].
As an example, for Ga,As,_, binary alloy, the energy gap is
altered by variation of the composition parameter (x) and it
changes as temperature rises due to lattice expansion, which
decreases the overlap between the valence and conduction bands
[3]. Nevertheless, the variation of binary alloy energy gap may
result from the addition of various elements to the crystal lattice.
For example, the optical and electronic behaviour of GaAs can
be altered by the introduction of localized electronic states close
to the band boundaries when impurity is added [4-5].

For ternary systems, by changing the composition parameter,
ternary semiconductor alloys provide energy gap tunability [6].
Even so, there is sometimes a phenomenon called "band gap
bowing" in the relationship between composition and energy
gap, which is not necessarily linear. A deviation from the linear
interpolation between the energy gaps of the constituent binary
compounds is caused by this bending effect [7]. Variations in
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atomic size mismatch, electronegativity difference and strain
effects are some of the factors that affect the degree of bowing
in ternary alloys. Various empirical models have been put up to
explain this dependence [8-11].

In the last decades, many works have been done to achieve the
parameters affecting the energy gap in binary and ternary
semiconductor alloys. As examples, Khomyakov et al. [12] used
first-principles  simulations to study the compositional
dependency of band energies in strained In,Ga,_,As ternary
alloys. They discovered that the overall band gap is impacted by
the conduction and valence band boundaries with notable non-
linear bowing as the indium content rises. According to the
results, strain further alters the band gap and deformation
potentials, offering crucial quantitative information for device
design. Among the drawbacks are the neglect of temperature
and defective effects, which could affect practical applications
[12,14].

Shen et al. [13] examined band bending and the direct-to-
indirect band gap crossover in random B, Al,_, N alloys using
first-principles calculations. They showed how the band gap
changes from a direct to an indirect gap at greater B
concentrations due to a nonlinear reduction with rising boron
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content. Their research offers crucial quantitative instructions
for adjusting the electrical characteristics of B,Al,_,N alloys
for optoelectronic uses [13,15]. The inverse relationship
between temperature and band gap is confirmed in a variety of
systems such as Ge'™,Si, , Ge,_,.Sn, and ZnSe,_, 0, [16-18].

Previous studies examining how temperature affects the energy
band gap in semiconductors have examined a variety of
materials, such as CuSiP; and Al,Ga,_,N, and have
consistently shown that the band gap reduces as temperature
rises [19-20]. Using the PSOPW approach, Abdullah et al.
theoretically studied CuSiP; and demonstrated that phonon-
induced vibrations outweigh lattice expansion, resulting in a
decrease in the band gap with increasing temperature [19].
Using deep-ultraviolet photoluminescence spectroscopy, Nepal
et al. experimentally investigated Al,Ga,_, N alloys throughout
a temperature range of 10-800 K. They found that the Varshni
coefficients increased in proportion to composition and that the
band gap decreased nonlinearly with temperature [20].

Even though binary and ternary semiconductor alloys have been
the subject of substantial research, most studies have focused on
the effects of temperature, composition, or doping separately,
usually in small-scale systems or simplified theoretical models.
There are several reports on electrical and optical
characteristics, such as the energy band gap, but there are still a
few systematic quantitative investigations that simultaneously
analyze the combined effects of temperature, donor
concentration, and composition. The present work intends to
create a thorough computational framework for analyzing and
forecasting the energy gap of certain I1lI-V and I[I-VI
semiconductor alloys under a range of physical circumstances.
There are three main goals for this work: (1) using Vegard's law
and bowing parameter models, quantifying the impact of alloy
composition on the band structure; (2) using the Lanyon-Tuft
and semi-empirical approaches, investigating the role of doping
in both non-degenerate and degenerate regimes; (3) evaluating
the temperature dependence of these properties across all
regimes. Predictive methods for optimizing material
performance in optoelectronic and microelectronic systems
working under various functional and environmental situations
are provided by the findings, which provide important insights
into the interdependent behavior of structural and electronic
variables.

2. Theoretical Model

2.1. Energy gap of binary semiconductor alloys

The energy gap of binary semiconductor alloy A,_, B, can be
calculated by Vegard’s law [21]:

EJ" (x) = EXB(x) = xEP + (1 — x)E/ (1)
where Ef and EZ are the energy gaps of the elements A and B
and x is the composition of the element B.

2.1.1. Undoped Binary Alloys

In the case of undoped binary semiconductor alloy, both
EZ and EF will be substituted by their known undoped values
for each element A and B respectively. The energy gap of the
binary alloy is calculated from Vegard’s law (equation 1), which

is used directly to study the dependence of the alloy energy gap
on the composition of the alloy.

Alexandria Journal of Science and Technology, 2025, 3(3), 205-217

Energy Gap of Binary and Ternary Semiconductors

206

2.1.2. Doped Non-Degenerate Binary Alloys

In the case when the binary semiconductor alloys are doped
with impurities of a concentration (N,;) less than the effective
density of states in the conduction band of the alloy (N,), the
alloys will be non-degenerate, thus Eg'and E; will be
calculated by non-degenerate Lanyon and Tuft approach
[22-23]:

1
ETN) =E -5 (ENY 2
g TR0 16me\ ek, T @

where N is the total carrier concentration (m~?), E,, is the
energy gap at 0 K, T is the absolute temperature, e is the
electronic charge, Ky is Boltzmann’s constant and ¢ is the
dielectric permittivity of the host material. Equation 2, with the
aid of equationl, is used to investigate the effect of both
temperature and doping concentration on the binary alloy.

2.1.3. Doped Degenerate Binary Alloys

When the binary semiconductor alloys are doped with a
concentration (N,) greater than the effective density of states in
the conduction band of the alloy (N.), the alloy will be
degenerate and E;' ,E; , E;*® will be calculated by degenerate
Lanyon and Tuft approach and the semi-empirical approach.
The Lanyon and Tuft’s approach for degenerate case is given by
[22-23]:

Eg (N) = Eg,o

1 1
3e? 8 \3 (3me?m*\z , 1
e o) () e &)
where m* is the electron effective mass and h is Planck’s
constant.

The equation of semi-empirical approach for degenerate case
describes the energy gap as a function of both donors and
temperature which is given by [24-25]:

T2 1
E,(T,N) =Eg,0—;?—N3 4)

where a & [ are the material-specific constants related to the
temperature dependence of the band gap.

2.2. Energy Gap of Ternary Semiconductor Alloys

The energy gap of ternary alloy AB,C;_, is described by
bowing parameter model [26]:

Eg"% (x) = EfBC(x) = xEf® + (1—x) EJ¢ —
CABCx(1—x) (5)
where E;'® and E/'° are the energy gaps of compounds AB and

AC, respectively, C4B¢ is the bowing parameter and x is the
composition of the compound AB.

2.2.1. Undoped Ternary Semiconductor Alloys

In the case of undoped ternary semiconductor alloy, the average
energy gap of the compounds AB and AC (E;‘®and EZ'“) will be
calculated by Phillips ionicity model [27-28]:

£} = E} + 2 ©

Where E}, is the homopolar energy gap (eV) and

E. is the heteropolar energy gap (eV) given by

E, = 26.738. r; 248 @)
1/2

E, = 24.55b [ZA28] 1752 ®)

Ts
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where 7; is the electron density parameter and Z;, Zj; are the
valency of the compound’s element components. It is easily
demonstrated that Z; — Z; = 4 and 2, respectively for I1-VI and
111-V group semiconductors respectively, and thus we have

E.(group lI-V) = 49.10 TE em1732375" (eV) 9

(10)

Consequently, after estimation of both E;'®and E/'°, one can use

equation 5 to study the energy gap of the ternary alloy as a
function of the composition in the non-doping state.

2.2.2. Doped Non-Degenerate Ternary Semiconductor
Alloys

For doped non-degenerate ternary alloys, the energy gap of the
compounds E;*#and EZ'¢ will be calculated by non-degenerate
Lanyon and Tuft approach, equation 2. After that, the values can
be substituted in equation 5 to evaluate the energy gap of the
ternary alloy. With this procedure, one can investigate the
variation of the energy gap of the ternary alloy with the
temperature and impurity doping concentration in the non-
degeneracy state.

2.2.3. Doped degenerate ternary semiconductor alloys

In the case of doped degenerate ternary semiconductor alloys,
the energy gap of the compounds E;'#and E;'° will be calculated
by degenerate Lanyon and Tuft approach, equation 3 and semi-
empirical approach, equation 4. Consequently, the values can be
substituted in equation 5 to evaluate the energy gap of the
ternary alloy. With this procedure, one can depict the
dependence of the energy gap of the doped degenerate ternary
alloy on the temperature and impurity doping concentration.

3. Results and Discussion

b

E (group II-V]) = 98.21 — e~173% e (eV)

3.1. Energy Gap of Binary Semiconductor Alloys

3.1.1. Undoped binary alloys

Figure 1 shows how the energy gap of undoped IV-1V binary
semiconductor alloys at 300K varies with their composition (x).
The energy gap E;"” was calculated by Vegard’s law
(equation 1), whereas E;, E;' were substituted by their known
values for each element as shown in Table 1. It is clear from
Figure 1 that E, of the alloy increases with rising (x)in
Ge,_ C, and Si;_, C,.In contrast, E, decreases with rising
(x)in Si;_, Ge,. These results obtained a good agreement with
previous work [29-30].

3.1.2. Doped Non-Degenerate Binary Alloys

Figure 2 demonstrates the effect of each of composition,
temperature and doping concentration on the energy gap of the
doped non-degenerate binary alloys. Figure 2a shows the
energy gap versus composition of doped non-degenerate V-1V
binary semiconductor alloys. The computations are carried out
at T =300 K, N; =8x107m™3 and N = 1.75 X 102>m™3.
The alloy energy gap E;"'*” (x) is calculated by Vegard’s law,
whereas both EZ and Ef are determined based on non-
degenerate Lanyon and Tuft approach (equation 2) utilizing the
constants provided in Table 1. One can notice from Figure 2a

Alexandria Journal of Science and Technology, 2025, 3(3), 205-217

Energy Gap of Binary and Ternary Semiconductors

207

that E, increases with rising the alloy composition in Ge,_, C,
and Si;_, C,.In contrast, E; decreases with rising (x)in
Si,_. Ge,. The results agree well with the data previously
obtained [29-30].
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Figure 1. Energy gap of some selected undoped IV-IV
binary semiconductor alloys versus composition at 300 K.

Figure 2b shows the effect of temperature on the energy gap of
non-degenerately doped Si, s Ge, s where doping concentrations
are fixed at Ny = 45x 10" m™3,6 x 10 m™3, and 7.5 X
10 m™2 in a temperature range up to 450 K. The alloy energy
gap Ej oy (%) was calculated by Vegard’s law, whereas both
EJ and E;' are determined from the non-degenerate Lanyon and
Tuft approach (equation 2) using the constants in Table 1.
Figure 2b demonstrates that the energy gap increased with
increasing temperature until about 100-150 K.

Above this range, the rate of increase is very slow, with the
energy gap indicating a trend towards saturation at higher
temperatures. Furthermore, increasing doping concentration at
any selected temperature resulted in a little decrease in the
energy gap [31-32].

Figure 2c shows the relation between the energy gap and donor
concentrations of doped non-degenerate Si,;Ge,s at some
selected temperatures 200 K, 300 K and 400 K. Again
EJ"” (x) used Vegard’s law equation 1, whereas both EZ and
Ej are determined based on non-degenerate Lanyon and Tuft
equation 2. The calculations are processed at total carrier
concentration of N = 1.75x 10> m™® and the constants
provided in Table 1. It is depicted from the figure that the
energy gap decreases slightly with increasing donor
concentration. At greater donor concentrations, the change in
energy gap becomes more significant. Higher temperatures
usually result in slightly energy gap values for a given donor
concentration. The results are in a good agreement with the data
that was previously published [33-34].
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Figure 2. Energy gap of doped non-degenerate IV-IV binary semiconductor alloys according to Lanyon and Tuft
approach versus (a) alloy composition at 300K. (b) temperature, (c) donor concentration.
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3.1.3. Doped Degenerate Binary Alloys

For doped degenerate binary semiconductor alloys, the effect of
composition, temperature and doping concentration on the
energy gap of such systems is investigated. Figure 3a shows the
energy gap versus composition for some selected IV-1V binary
semiconductor alloys at 300 K and N; = 3 x 10®m™3. The
binary alloy band gap E;"*” (x) is calculated by Vegard’s law,
whereas the band gaps of the constituent elements EJ and
Eg are determined based on degenerate Lanyon and Tuft
approach (equation 3). The total number of carriers are set to
be N = 1.70 x 10** m~3 utilizing the constants provided in
Table 1. One can notice from Figure 3a that the energy gaps of
both Ge,_, C, and Si,_, C, alloys increase continuously as the
carbon composition (x) increases whereas the energy gap for
Si,_. Ge, decreases continuously as the composition of
Germanium increases. These results are fairly match with the
data reported in references [35-36].

Figure 3b shows the energy gap of Si,sGe, s at various donor
concentrations 3.5x 10¥m™3,1.3 x 10*m™3,and 1.03 x
10%°m™2 as a function of temperature calculated using the semi-
empirical approach (equation 4). The same procedure was
followed to calculate E;"*” (x), EZ and EZ. The total number
of carriers was taken asN = 1.70 x 102> m~3, and the
constants used in the calculations as provided in Table 1. The
energy gap decreases with rising temperature across all
examined doping concentrations; this may be attributed because
thermal excitation causes lattice vibrations that narrow the band
gap. Thus, the inverse relationship between temperature and
band gap is confirmed by this behavior, which has been
observed in a variety of systems [16-17]. Also, it is obvious
from Figure 3b that at fixed temperature, increasing the doping
concentration appears to result in a little decrease in the energy
gap value. The results obtained show good agreement with the
data that was previously presented [37-38].

Figure 3c shows the relationship between the energy gap of
doped degenerate Si,sGe,s and donor concentrations at
nominated temperatures 200 K, 300 K, and 400 K calculated
according to Lanyon and Tuft’s approach (equation 3) at N =
1.75 x 102 m~3, and the constants provided in Table 1. The
energy gap decreases slightly with increasing donor
concentration. At greater donor concentrations, the change in
energy gap becomes more significant. Higher temperatures
usually result in slightly lower energy gap values for a given
donor concentration [39-40].

3.2. Energy Gap of Ternary Semiconductor Alloys
3.2.1. Undoped Ternary Alloys

Figure 4 depicts the energy gap versus alloy composition of
some undoped I11-V and 1I-VI ternary semiconductor alloys.
Figure 4a shows the energy gap of some selected undoped I11-V
ternary semiconductor alloys versus composition at 300 K. The
alloy energy gap Eg"°” (x) is calculated by bowing parameter
model (equation 5), whereas both Egfand E;'¢of the
compounds AB and AC are determined based on Phillips
ionicity model (equation 6), E, and E. are determined by
equations 7 and 9 respectively.
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The parameters used in the calculations are listed in Table 2.

Figure 4a obtains that the energy gap of both
AlAS () Sb(1_xy and GaPyAs _y, decreases continuously as the
compositions of AlAs and GaP increase, respectively, while for
GaSbgyPi—x), the energy gap is, initially, decreasing with
increasing of GaSb composition up to about x = 0.4 and then
increasing with further elevation of x. On the contrary, the
energy gap of GaAs)Sb_y increases as the Gads
composition increases [37-40].

Figure 4b shows the energy gap of nominated undoped I1-VI
ternary semiconductor alloys versus composition at 300K. The
energy gap Eg“”"y (x) is calculated by bowing parameter model,
equation (5), whereas both E;'® and E;' are determined based
on Phillips ionicity model, equation (6), E, and E, are
determined by equations (7) and (10), respectively. Table 2
shows the parameters used in this calculation. For the alloys
CdS(x)SE(l_x), CdS@(x)TE(l_x) and ZTlS@(x)S(l_x), the
behaviour of energy gap is, initially, almost constant up to
about x = 0.25, and after this value, it increases with rising of
the composition. On the other hand, the energy gap of
ZnTe)Se_y decreases as the ZnTe composition increases
[35-36,41-42].

3.2.2. Doped Non-Degenerate Ternary Alloys

The dependence of the energy gap of some selected doped non-
degenerate I11-V and 11-VI semiconductor ternary alloys on the
alloy composition is depicted in Figure 5, but the dependence
on the temperature is shown in Figure 6 whereas Figure 7
shows the variations with the donor concentrations.

Figure 5a shows the energy gap of doped non-degenerate 111-V
ternary semiconductor alloys versus composition at 300K and
N; =9 x 10m™3. The alloy energy gap is calculated by
bowing parameter model, whereas both E/* and E;'¢are
determined based on non-degenerate Lanyon and Tuft approach
and the constants from Table 2. It is obvious from Figure 5a
that the energy gaps of AlAs ) Sb_x) and
GaP)As_y, decrease continuously by elevation of AlAs and
GaP compositions respectively. Alternatively, the energy gap
for GaShyP—_xy is non-linear, initially decreasing with
increasing GaSbh composition up to around x=0.4 and then
increasing. The energy gap of GaAs,Sb_y, increases as the
GaAs composition increases.

Comparing the results of energy gap of undoped and doped I11-
V ternary semiconductor alloys with alloy compositions
(Figures 4a & 5a), leads one to observe the similarity in the
energy gap behviour [37—40].

Figure 5b shows the energy gap of doped non-degenerate 11-V1
ternary semiconductor alloys versus composition at 300K
and N; = 1 x 10*®m~3determined based on bowing parameter
approach and non-degenerate Lanyon and Tuft equation.
Figure 5b demonstrates that the energy gap trends of doped I1-
VI ternary semiconductor alloys with alloy compositions are
similar to those of undoped alloys (Figure 4b) [35-36,41-42].
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Figure 3. The energy gap of (a) some selected V-1V semiconductor alloys versus composition at 300K
calculated according to Lanyon and Tuft’s approach (equation 3), (b) SiysGe,salloy versus temperature
calculated from the semi-empirical approach (equation 4), (c) Si, sGe, s alloy versus doner concentration due
to Lanyon and Tuft’s approach (equation 3).
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211

Alexandria Journal of Science and Technology, 2025, 3(3), 205-217 Online ISSN: 2974-3273



Figures 6a & 6b show the effect of temperatures up to 450 K
on the energy gap of non-degenerately doped GaAs,sSbys (as
example of 111-V ternary alloys) and CdSe, sTe,s (as example
of 11-VI ternary alloys), respectively, at three various doping
concentrations according to doped non-degenerate Lanyon and
Tuft approach and bowing parameter model and the constants
provided in Table 2. The trend of the energy gaps with
temperature are similar for the two alloys. The energy gap rises
fast with increasing temperature, until about 100-150 K. Above
this range, the rate of increase becomes very slow expecting a
saturation trend at higher temperatures. Furthermore, increasing
doping concentration throughout the examined temperature
range resulted in a little decrease in the energy gap [43-44].

Figures 7a and 7b illustrate the relationship between the energy
gap and donor concentrations of doped non-degenerate
GaAsysShys (I11-V ternary alloy) and CdSeysTe,s (11-VI
ternary alloy) at some selected temperatures (200 K, 300 K, and
400 K). The calculations utilize doped non-degenerate Lanyon
and Tuft approach and bowing parameter model and the
constants provided in Table 2. It is noticeable from the Figures
that the energy gap decreases slightly with increasing donor
concentrations. At greater donor concentrations, the change in
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energy gap becomes more significant. Higher temperatures
usually result in slightly lower energy gap values for a given
donor concentration [37-40].

3.2.3. Ternary doped degenerate semiconductor alloys

Variation of the energy gap with the alloy composition,
temperature and doping concentration is depicted in
Figures 8, 9 & 10 for selected doped degenerate I11-V and 11-V1
semiconductor ternary alloys. Figure 8a shows the energy gap
of some doped degenerate 111-V ternary semiconductor alloys
versus composition at 300K and N, =2 x 10¥m™3. The
calculation uses bowing parameter model, doped degenerate
Lanyon and Tuft approach and the constants in Table 2. The
energy gap of AlAs,yShy_xy and GaPuyAs;_y, alloys
decrease continuously as the AlAs and GaP fractions increase,
respectively. Contrary, the energy gap of GaSbg)P;_y) is
initially decreasing with increasing GaSb composition up to
around x = 0.4 and then increasing, whereas the energy gap of
GaAsSh_y increases as the GaAs composition increases
[37-40].
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Figure 8b shows the energy gap of doped-degenerate 1I-VI
ternary semiconductor alloys versus composition at 300K
and N, = 3 x 10*¥m™3 according to Lanyon and Tuft approach.
The energy gap of CdS,,Se(;_, increases continuously as the
CdS composition increases. Similarly, in CdSei,Teq_y, it
increases as the CdSe composition increases. The energy gap
for ZnSe)Su-x) shows non-linear behaviour, initially
dropping with increasing ZnSe composition up to about x = 0.2,
then increasing. The energy gap of ZnTe,,Se(;_,, decreases as
the ZnTe composition increases [35-36,41].

The effect of temperature on the energy gap of some selected
ternary alloys from Il1-V and I1-VI semiconductors in a
temperature range up to 450 K is shown in Figure 9. The
estimation follows the semi-empirical approach at doped
degenerate conditions and essential bowing parameter model
with the aid of the parameters listed in Table 2. Figure 9a
demonstrates the energy gap of doped degenerate GaAs, sShy s
as a function of temperature at various donor concentrations
(7.25 x 10 m=3,1.15 x 10 m~3 and 1.27 X 10?2 m~3)
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while Figure 9b depicts such dependence for CdSe,sTe,s at
various donor  concentrations  (7.25 x 10*® m™3,1.15 x
101° m~3 and 1.27 X 102° m~3). The energy gap of the two
ternary alloys decreases monotonically with rising the
temperature in the examined temperature range. At selected
temperature, increasing the doping concentration appears to
result in a little decrease in the energy gap [37-40].

Figures 10a and 10b illustrate the relationship between the
energy gap and donor concentrations of one example of doped
degenerate 111-V ternary alloy (GaAs, sSh, s ) and one of doped
degenerate 11-VI ternary alloy (CdSeqsTe,s), respectively, at
some temperatures (200 K, 300 K, and 400 K) calculated by
bowing parameter model that and Lanyon and Tuft doped
degenerate approach. The energy gap decreases slightly with
increasing donor concentration. At greater donor concentrations,
the change in energy gap becomes more significant. Higher
temperatures usually result in slightly lower energy gap values
for a given donor concentration [40-47].
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Figure 9. Energy gap versus Temperature of doped degenerate (2) GaAs, sSh, s alloy according to the Semi-
Empirical approach, (b) CdSe, sTe, 5 alloy according to the semi-empirical approach.
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Table 1. Parameters of some semiconductor elements of group 1V used in the calculation of energy gap of binary semiconductor alloys

Element Eo Eg (O a p s P m*/m 0
(V) V) (eVIK) (K) @.m)
Si 1.12 1.17 4.73 x 10* 636 1x10% 11.7 0.26
Ge 0.54 0.66 5.5x10* 235 1x10% 16.2 0.55
© 5.47 5.47 1.5x10* 2000 1x10% 5.5 1.1

Table 2. Parameters of some I11-V and I1-VI compound semiconductors used in the calculation of energy gap of ternary semiconductor
alloys.

Compound B E ©0) 4 h ! e rs m'/m,
V) V) (eVIK) (K) @m)
GaAs 1.723 1.52 41x10* 204 1.1x107% 12.85 3.27 0.067
Gasb 0.907 0.81 44x10* 200 1.4x107% 15.69 4.21 0.04
GaP 0.83 0.74 488x 10 210 1x10% 11.11 4.36 0.07
AlAs 0.683 0.69 44x10* 300 1x10% 10.06 4.7 0.15
AlSb 1.65 1.69 53x10™* 350 1x10% 12.04 3.32 0.41
ZnTe 2.56 2.23 49x10* 400 1x10% 9.67 3.25 0.35
ZnSe 2.76 2.4 6x 10+ 500 1x10% 9.2 3.16 0.49
ZnS 2.24 2 45x10* 500 1x10% 8.32 3.43 0.29
CdSe 1.95 1.84 5.7x10* 450 1x10% 9.6 3.62 0.13
CdTe 1.82 1.61 49x10+* 600 1x10% 10.76 3.71 0.08
CdS 2.76 2.58 47x 10 800 1x10% 5.8 3.16 0.2
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4. Conclusions

The energy band gap of some nominated binary and ternary
semiconductor alloys have been investigated. This study reveals
that the energy band gap of various undoped, doped non-
degenerate, and doped degenerate semiconductor alloys is
significantly influenced by alloy composition, doping
concentration, and temperature. The observed variations in the
band gap behaviour, ranging from linear to nonlinear,
emphasize the necessity of integrating thermal and
compositional engineering with doping strategies. These
insights enhance the understanding of semiconductor properties
and provide a framework for the predictive design of materials
tailored for high-frequency electronic, photovoltaic, and
optoelectronic applications.
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