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Semiconductor materials are categorized by their chemical composition. There are some basic semicon-
ductors, for example silicon (Si) and germanium (Ge), which are part of group IV elements. There are com-
pound semiconductors, binary, ternary and quaternary, and the most common are III-V semiconductors.
One of them is a quaternary semiconductor compound Ga.Ini-As,Sbi—_, (Gallium Indium Arsenide Anti-
monide) composed of group III elements, for example, gallium (Ga) and indium (In), and group V elements,
for example, arsenide (As) and antimonide (Sb). Semiconductors constituted of III-V compounds have great
potential for technological applications. They are used in advanced optoelectronic devices, microelectronics
and photovoltaic cells due to their properties (robust, high thermal conductivity, direct band gap, etc.).
They have been extensively studied over the past decades due to the high quality of these materials and
their exceptional optical and electronic characteristics. This work describes the energy gap E; as a function
of x at T'= 300 K, effective density of states (IN. and N,) in the conduction and valence bands, intrinsic car-
rier concentration n; as a function of temperature 7 for Ga.Ini - xAsySb: -, semiconductors (compositions lat-
tice-matched to GaSb and InAs), and temperature dependence of the energy band gap Es; for GaSb and
InAs using MATLAB.
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1. INTRODUCTION

In semiconductor materials, a compound semicon-
ductor is a composite semiconductor material consti-
tuted of chemical elements of two or more elements of
the periodic table. These semiconductors form groups
in the periodic table such as II-VI semiconductors (for
example, mercury zinc telluride (HgZnTe) utilized in
infrared imaging sensors and infrared detectors), IV
semiconductors (for example, silicon germanium
(Si1-xGez) which facilitates the construction of hetero-
junction structures) and III-V semiconductors (for ex-
ample, aluminum gallium arsenide (Al:Gai-xAs) [1]
utilized in infrared laser diodes and GaAs/AlGaAs solar
cells, etc.). III-V semiconductor [2, 3] is a compound
material formed by combining one or more group III
elements (boron, aluminum, gallium, indium, etc.), and
one or more group V elements (nitrogen, phosphorus,
arsenic, antimony, etc.). They are mostly employed in
microelectronics for integrated circuits, in photovoltaic
cells and optoelectronic devices such as light-emitting
diodes (LEDs) [3-11]. III-V semiconductor materials are
of most interest because of their characteristics, they
are durable and resistant, they have high thermal
conductivity and a direct band gap, etc.

A quaternary III-V compound semiconductor is a
chemical compound including four elements, for example
Gallium Indium Arsenide Antimonide (GaxIni -xAs,Sbi1-5)
[12-16] (0 <x <1 and 0 <y <1) whose material charac-
teristics have been much discussed [17]. It is a very
promising material for optoelectronics such as solar
cells, photodiodes and thermophotovoltaic devices. This
paper presents the basic characteristics of Gallium
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Indium Arsenide Antimonide (GaxIni-xAsySbi-y) semi-
conductors under MATLAB.

2. BASIC CHARACTERISTICS OF GALLIUM
INDIUM ARSENIDE ANTIMONIDE
(GaxIni-xAsySbi-y)

Gallium Indium Arsenide Antimonide
Gaxlni - xAsySb1 -y [18] is a quaternary III-V compound
semiconductor material. This compound is fundamen-
tally an alloy of gallium antimonide (GaSb, Fig. 1a) and
indium arsenide (InAs, Fig. 1b), their energy band gaps
E; are 0.726 eV [19, 20] and 0.354 eV [19] at T'= 300 K,
respectively, they have a zincblende crystal structure.

Fig. 1 — Zincblende crystal structure of: a) gallium antimonide
(GaSb), b) indium arsenide (InAs)

The following expression presents the energy gap Eg
as a function of x for Gailni-xAsySbi-, compositions
lattice-matched to GaSb (Eq. (1)) and InAs (Eq. (2)) at
T=300K:
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E,~0.29-0.165x +0.6x” , 1)
E, ~0.36-0.23x+0.54x" . )

The effective density of states in the conduction band
N for GaxIni-xAsySbi-, compositions lattice-matched to
GaSbh (Eq. (3)) and InAs (Eq. (4)) is given by:

3/2
Nc=4.82-1015(0.022+0.03x—0.012x2) T2 (8)

N, =4.82-10°(0.023+0.032x - 0.012¢%) - T9% . (4)

The effective density of states in the valence band
N, for GaxIni-xAsySbi-, compositions lattice-matched
to GaSb (Eq. (5)) and InAs (Eq. (6)) is given by:

NU:4.82-1015(0.41+0.16x+0.23x2)3/2ATM , (5)

3/2
N, =4.82:10"(0.41+0.14x +0.23x*) - T%* . (6)

The intrinsic carrier density n; is given as:

E
n; =(N, ~NU)1/2 exp{ £ (7)

_2kT}'

The value of y for Ga:Ini-xAsySbi-, compositions
lattice-matched to GaSb (Eq. (8)) and InAs (Eq. (9)) is
given by:

~0.3835-0.3835x

y= <x<1
0.4210+0.216x

) ®)
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The temperature dependence of the energy band
gap E; for GaSb (Eq. (10), x=1 and y=0) and InAs
(Eq. (11), x=0and y = 1) is given by:

2
E, ~0.813-3.78-10"- r , (10)
T+94
2
E, ~0.415-2.76-10" r . (11)
T +83

3. RESULTS AND DISCUSSION

The basic characteristics such as the energy gap Eg
as a function of x at 7= 300 K (Fig. 2), effective density
of states Ncand Ny in the conduction and valence bands
as a function of x at T'= 300 K (Fig. 3, Fig. 4), intrinsic
carrier concentration n; as a function of temperature T
(Fig. 5, Fig. 6) for GaxIni-xAsySb1-, compositions lat-
tice-matched to GaSb and InAs, and temperature de-
pendence of the energy band gap E; for GaSb and InAs
(Fig. 7) are treated and analyzed using MATLAB.

Table 1 and Table 2 summarize the results obtained
for the energy gap E; (Fig. 2), effective density of states
in the conduction band N. and effective density of
states in the valence band N, (Fig. 3, Fig. 4), intrinsic
carrier density n; (Fig. 5, Fig. 6) for GaxIni-:AsySbi_y
compositions lattice-matched to GaSb and InAs with
different values of x (0 <x<1) at room temperature T
(300 K).

Table 1 — Results obtained for GaxIni - xAsySb: -, compositions lattice-matched to GaSb at room temperature 7" (300 K)

x=0 x=0.2 x=0.8 x=1

InAs0.91Sbo.0s | Gao.sIno.sAso.esSbo.sa | Gao.sIno.2Aso.135bo.s7 GaSb

Energy gap E; (€V) 0.29 0.281 0.542 0.725

Effective density of states N, (cm ~3) 8.172-1016 1.143-1017 1.878:1017 2-1017
Effective density of states Ny (cm~3) | 6.575-1018 7.591-1018 1.42-101° 1.792-1019
Intrinsic carrier density n; (cm —3) 2.691 1015 4.07-101 4.591-1013 1.547-1012

Table 2 — Results obtained for GaxIni - xAsySb1 -, compositions lattice-matched to InAs at room temperature 7' (300 K)

x=0 x=0.2 x=0.8 x=1
InAs Gao.2Ino.sAso.s15bo.19 | Gao.sIno2Aso.265bo.74 | GaAsoe.osSbo.o2
Energy gap E; (€V) 0.36 0.3356 0.5216 0.67

Effective density of states N: (cm~3) | 8.736-1016 1.231-1017 2.073-1017 2.233-1017

Effective density of states Ny (cm —3) | 6.575-1018 7.49-1018 1.371-101° 1.725-1019

Intrinsic carrier density ni (cm -3) | 7.189-104 1.46-1015 7.03-1013 4.644 1012
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Fig. 2 — Energy gap E; versus composition x at 7= 300 K
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Fig. 3 — Effective density of states N. versus composition x
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Fig. 6 — Intrinsic carrier density n; versus 1000/7 for compo- Fig. 7 — Temperature dependence of the energy band gap E; of
sitions lattice-matched to InAs gallium antimonide (GaSb) and indium arsenide (InAs)

n; is the intrinsic carrier density or the intrinsic 4. CONCLUSIONS
carrier concentration (Fig. 5 and Fig. 6), the number of
broken bonds in an intrinsic semiconductor. To create
an electron-hole pair in an intrinsic semiconductor, a
bond in the lattice must be broken, and this needs
energy. An electron in the valence band needs to accu-
mulate sufficient energy to migrate to the conduction
band and leave a hole behind. If the temperature rises,
the number of broken bonds (carriers) increases, be-
cause the available thermal energy is more important,
and the electrons gain sufficient energy to break free.
Indeed, any electron that enters the conduction band
causes the formation of a hole in the valence band, and
the concentration of electrons and holes increases. On
the contrary, when the temperature reduces, the elec-
trons do not have sufficient energy to break a bond and
stay in the valence band. On the other hand, when the
electrons are situated in the conduction band, they
rapidly lose energy and return to the valence band,
thus annihilating a hole. Consequently, decreasing the
temperature leads to a reduction in the intrinsic carrier
density, while increasing the temperature leads to an
increase in the intrinsic carrier density.

The temperature dependence of the energy band
gap is one of the most basic characteristics of semicon-
ductors and has a strong influence on various applica-
tions for different semiconductor candidates. From
Fig. 7, as the temperature becomes high, the band gap
energy reduces due to the expansion of the crystal lat-
tice and the weakening of interatomic bonds. The
weakening of bonds indicates that the amount of ener-
gy required to break a bond and introduce an electron
into the conduction band is less.

III-V semiconductor is a chemical compound mate-
rial composed of elements included in columns III
(group IIT elements) and V (group V elements) of the
periodic table, for example, gallium arsenide GaAs
(binary compound), aluminum gallium arsenide Al-
GaAs (ternary compound) and Gallium Indium Arse-
nide Antimonide GalnAsSb (quaternary compound).

III-V compound semiconductor materials are the
most important due to their features; they have a very
high electronic mobility compared to silicon, they are
robust and resistant, their thermal conductivity and
band gap are higher and direct, respectively, and at
very low supply voltage they have ultra-high switching
speed, etc. Due to their important characteristics, they
are used in the modern electronics manufacturing and
technological applications, photovoltaic cells, integrat-
ed circuits and advanced optoelectronic devices.

In this context, our paper presents the examination
and analysis by simulation under MATLAB of some
basic characteristics of Gallium Indium Arsenide An-
timonide (GaxIni-xAsySbi-;) semiconductors, for ex-
ample, the energy gap E; as a function of x at
T =300 K, effective density of states (INc and Ny) in the
conduction and valence bands, intrinsic carrier concen-
tration n; as a function of temperature 7T for composi-
tions lattice-matched to GaSb and InAs, and tempera-
ture dependence of the energy band gap E; for GaSb
and InAs. For the entire range of compositions,
GaxIni-xAsySb1-y is a direct gap quaternary semicon-
ductor.
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OcCHOBHI XapaKTepPHCTHKU HANIBIPOBIIHUKIB aHTUMOHIAY apceHiay raJimo Ta iHgiro
(GaxIni - xAsySb1 -y) 3a gomomororo MATLAB

Abdelkrim Mostefail2
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HamiBopoBimHUKOBI MaTepiaiv KIaCH(pIKYIOTHCA 34 IX XIMIYHAM CKJIAI0M. [CHYIOTH JIesTKl OCHOBHI HATITI-
BIIPOBITHUKHY, HAIPUKJIAT KpeMHiH (Si) 1 repmaniii (Ge), skl BXoOATE 10 ckiaaxy esemeHtis [V rpymu. Poapi-
3HSIIOTH CKJIAJIEH] HAIIBIPOBLIHUKH, IIOABINAHI, TPIMHI TA YeTBEPTHHHI, 4 HAWMNOIMPEHIINMNMI € HAIIBIPO-
Bigaukwn 1I1-V rpyn. Ogaum 3 HUX € YeTBepTHHHA HAMBIPOBIMHUKOBA croiyka Gaxlni - .As,Sbi -, (auTHMO-
HIJ apceHin rajio Ta iHmi), o cKiaagaeTbea 3 exemenTiB 111 rpymnm, manpuknazn, ramgio (Ga) Ta imgio (In),
i enemenTiB V rpymnm, Hanmpukiaag, apceHiny (As) i amtumoniny (Sb). HamiBoposigaukm, 110 CKIagamwThC 3
esnemenTiB III-V rpym, MaoTh BeJMKUI MOTEHIIA I TEXHOJIOTTYHOTO 3aCTOCYBaHHsS. BOHM BHKOPHUCTOBY-
IOTBCSL B IIEPEJIOBUX ONTOEJIEKTPOHHUX IIPUCTPOSIX, MIKPOEJIEKTPOHII Ta (POTOEJIEKTPUYHUX eJIEMEHTaX 3a-
BJISIKM CBOIM BJIACTUBOCTSAM (MIIIHICTh, BUCOKA TEILJIOMPOBIIHICTE, IpsAMa 3ab0poHeHa 30HA To1o). [IpoTsarom
OCTAHHIX JECATUJIITH IX PETEJIbHO BHBYAJM 3aBIAKHM BHCOKINM SKOCTI IIMX MAaTepiasiB Ta IXHIM BUHATKOBUM
OIITMYHKM Ta EJIEKTPOHHUM XapaKTePUCTUKAM. ¥ POOOTI OIMHCAHO eHepreTUyHy HNHY E; sk QyHKIN0 X
upu T'= 300 K, edpexrurHi rycrunu cranis (Ne 1 Ny) y 30HI IPOBITHOCTI Ta BAJIEHTHIN 30HI, BJIACHY KOHIIEHT-
paIrio HOCIIB n; AK QyHKIN0 Temeparypu 1 ayia HamBrpoBiqHUKIB GaxIni - xAs,Sbi1 -, (critagu, yaromskeni 3
pemritkoio GaSb Ta InAs), 1 TemmeparypHy 3aseskHICTb 3ab6opoHeHoi 3ouu Fg nist GaSb Ta InAs 3a mgomomo-

roro MATLAB.

Knrouoei ciiosa: Hanisnposinauku 111-V rpym, Gasni - :As,Sbi -,, Eneprernuni soun, EderrunsHa rycruna

crauis, Biacua rycruaa Hociis, Temmeparypa.
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