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ELLIPSOMETRIC AND SPECTROMETRIC
STUDIES OF (Ga0.2In0.8)2Se3 THIN FILMUDC 539

Thermal evaporation technique is used to deposite (Ga0.2In0.8)2Se3 thin films. The refrac-
tive index and extinction coefficient dispersions are obtained from the spectral ellipsometry
measurements. The dispersion of the refractive index is described in the framework of the
Wemple–Di Domenico model. The optical transmission spectra of a (Ga0.2In0.8)2Se3 thin film
are studied in the temperature range 77–300 K. The temperature behavior of the Urbach ab-
sorption edge, as well as the temperature dependences of the energy pseudogap and Urbach
energy, are investigated. The influence of different types of disordering on the optical absorp-
tion edge of a (Ga0.2In0.8)2Se3 thin film is discussed. Optical parameters of a (Ga0.2In0.8)2Se3
thin film and a single crystal are compared.
K e yw o r d s: thin film, spectral ellipsometry, transmission spectra, refractive index, energy
pseudogap, Urbach energy.

1. Introduction

Semiconductor (Ga𝑥In1−𝑥)2Se3 solid solutions in the
compositional range 0.02 < 𝑥 < 0.55 crystallize in the
defect wurtzite structure with hexagonal symmetry
(𝑃61 or 𝑃65 space group) and belong to the 𝛾1-phase
of the Ga2Se3-In2Se3 system [1]. They are character-
ized by a high concentration of vacancies that can
form spirals along the optical axis 𝑐 of the crystal
[2]. The alternation of cations and vacancies results
in random fluctuations of the lattice electric poten-
tial which, in turn, affects physical processes in the
above-mentioned semiconductors.

We note that 𝛾1-(Ga𝑥In1−𝑥)2Se3 possesses the low
electric conductivity (v10−10 S/cm), but the pho-
toconductivity in the 𝛾1-phase is almost by three
orders of magnitude higher than in other phases
[1]. The infrared reflection spectra and Raman scat-
tering spectra studied in Refs. [3, 4] confirm a
similarity of the crystalline structure of 𝛾1-phase
and 𝛾−In2Se3. The optical absorption edge in 𝛾1-
(Ga𝑥In1−𝑥)2Se3 crystals at low absorption levels is
shown to be formed by indirect interband optical
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transitions [5], the temperature and hydrostatic pres-
sure effects on the absorption edge being studied
in Refs. [6–8]. The interrelation between photolumi-
nescence and optical absorption spectra were inves-
tigated in Refs. [9–11]. Refractometric, birefringent
and gyrotropic properties of 𝛾1-(Ga𝑥In1−𝑥)2Se3 crys-
tals were studied in Refs. [12–18] in detail. In addi-
tion, 𝛾1-(Ga𝑥In1−𝑥)2Se3 crystals are characterized by
a high optical activity along the optical axis and are
promising materials for acousto-optical modulators of
laser irradiation [18, 19].

In the present paper, we report on the ellipsometric
studies of the optical constants, temperature stud-
ies of the optical absorption edge, investigations of
the temperature dependences of the energy pseudo-
gap and Urbach energy, as well as the disordering
processes in a (Ga0.2In0.8)2Se3 thin film.

2. Experimental

(Ga0.2In0.8)2Se3 crystals were obtained by the Bridg-
man technique. (Ga0.2In0.8)2Se3 thin films were sput-
tered onto a quartz glass substrate by the thermal
evaporation, their thickness being 2.0–2.5 𝜇m. The
structure of the deposited films was analyzed by X-
ray diffraction; the diffraction spectra show the films
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Fig. 1. Spectral dependences of the refractive index 𝑛 (1 ) and
extinction coefficient 𝑘 (2 ) for a (Ga0.2In0.8)2Se3 thin film at
room temperature

Fig. 2. Optical transmission spectra of a (Ga0.2In0.8)2Se3
thin film at various temperatures: 77 (1 ), 150 (2 ), 200 (3 ),
250 (4 ), and 300 K (5 )

to be amorphous. The composition of the thin films
was determined by EDX on a Hitachi S4300 SEM.

A spectroscopic ellipsometer Horiba Smart SE was
used for the measurements of the optical constants of
a (Ga0.2In0.8)2Se3 thin film. Measurements were car-
ried out in the spectral region from 440 nm to 1000
nm at an incident angle of 70𝑜. Optical transmission
spectra of a (Ga0.2In0.8)2Se3 film were measured in
the temperature interval 77–300 K by using a LOMO
KSVU-23 grating monochromator. The spectral de-
pendences of the absorption coefficient were derived
from the interference transmission spectra [20].

3. Results and Discussionl

Refractive indices 𝑛 and extinction coefficients 𝑘
for a (Ga0.2In0.8)2Se3 thin film were obtained from

the spectral ellipsometry measurements which were
carried out in the spectral interval 440–1000 nm
(Fig. 1). In the transparency region, the refractive in-
dex dispersion is observed. Moreover, the refractive
index increases more, when approaching the absorp-
tion edge. Among the number of models which de-
scribe the refractive index dispersion, we use the well-
known Wemple–Di Domenico (WDD) model [21],
where the refractive index dispersion is studied in the
transparency region below the gap, using the single-
oscillator approximation [21]:

𝑛2(𝐸)− 1 =
𝐸𝑑𝐸0

𝐸2
0 − 𝐸2

. (1)

Here, 𝐸0 is the single-oscillator energy, and 𝐸𝑑

is the dispersion energy. The dispersion energy 𝐸𝑑

characherizes the average strength of interband opti-
cal transitions and is related to changes in the struc-
tural ordering of the material (ionicity, anion valency,
and coordination number) [21]. From Eq. (1), the 𝐸0

and 𝐸𝑑 values were determined for a (Ga0.2In0.8)2Se3
thin film (𝐸0 = 4.26 eV and 𝐸𝑑 = 14.21 eV). Ac-
cording to the relation 𝐸0 ≈ 2𝐸opt

𝑔 [22], the optical
band gap was estimated as 𝐸opt

𝑔 = 2.13 eV. It should
be noted that 𝐸𝑔 and the energy pseudogap 𝐸𝛼

𝑔 ob-
tained from the analysis of absorption edge spectra
do not differ by more than 12%. The static refractive
index 𝑛0 was calculated by the equation

𝑛0 =

[︂
1 +

𝐸𝑑

𝐸0

]︂1/2
(2)

and equals 2.08 for a (Ga0.2In0.8)2Se3 thin film. By
using the parameters of the WDD model, one can
calculate the such important parameter as the ionicity
[23]:

𝑓𝑖 =

[︂
𝐸0

𝐸𝑑

]︂1/2
, (3)

which equals 0.55 for a (Ga0.2In0.8)2Se3 thin film.
Interferential transmission spectra of a

(Ga0.2In0.8)2Se3 thin film at various tempera-
tures within the interval 77–300 K are shown in
Fig. 2. As the temperature increases, a red shift of
the transmission spectra is observed. Optical absorp-
tion edge spectra in the range of their exponential
behavior in a (Ga0.2In0.8)2Se3 thin film are presented
in Fig. 3. It should be noted that, similarly to a
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(Ga0.2In0.8)2Se3 single crystal, they are described by
the Urbach rule [24]

𝛼(ℎ𝜈, 𝑇 )=𝛼0 exp

[︂
𝜎(ℎ𝜈 − 𝐸𝑜)

𝑘𝑇

]︂
=𝛼0 exp

[︂
ℎ𝜈 − 𝐸0

𝐸𝑈 (𝑡)

]︂
,

(4)

where 𝐸𝑈 is the Urbach energy, 𝜎 is the absorption
edge steepness parameter, 𝛼0 and 𝐸0 are the conver-
gence point coordinates of the Urbach bundle. The
parameters 𝛼0 and 𝐸0 for a (Ga0.2In0.8)2Se3 thin film,
as well as for a (Ga0.2In0.8)2Se3 single crystal [10], are
given in Table.

The temperature variation of the Urbach absorp-
tion edge in a thin film similarly to a single crys-
tal is explained by the electron-phonon interaction
(EPI). The insert to Fig. 3 shows the temperature de-
pendence of the absorption edge steepness parameter
𝜎. From the dependence of 𝜎(𝑇 ), the EPI parameters
are calculated using the Mahr formula [25]

𝜎(𝑇 ) = 𝜎0

(︂
2𝑘𝑇

~𝜔𝑝

)︂
tanh

(︂
~𝜔𝑝

2𝑘𝑇

)︂
, (5)

where ~𝜔𝑝 is the effective phonon energy in a single-
oscillator model, describing the electron-phonon in-
teraction (EPI), and 𝜎0 is a parameter related to the
EPI constant 𝑔 as 𝜎0 = (2/3)𝑔−1 (parameters ~𝜔𝑝

and 𝜎0 are given in Table). For a (Ga0.2In0.8)2Se3
thin film, 𝜎0 < 1 that is the evidence of the strong
EPI [26]. It should be noted that, in the thin film,
compared to a single crystal [10], the EPI is enhanced
(this corresponds to a decrease of the 𝜎0 parameter),
and the energy ~𝜔𝑝 of the effective phonon, taking
part in the absorption edge formation, practically re-
mains unchanged (Table).

For the spectral characterization of the Urbach ab-
sorption edge, we used the value of the energy pseu-
dogap 𝐸𝛼

𝑔 (𝐸𝛼
𝑔 is the energy position of an exponen-

tial absorption edge at a fixed absorption coefficient
𝛼 = 104 cm−1) which is listed in Table for a thin film
(for a single crystal, 𝛼 = 103 cm−1 [10]). The temper-
ature dependences of the energy pseudogap 𝐸𝛼

𝑔 and
the Urbach energy 𝐸𝑈 for a (Ga0.2In0.8)2Se3 thin film
are presented in Fig. 4 and can be described in the
Einstein model by the relations [27, 28]

𝐸𝛼
𝑔 (𝑇 ) = 𝐸𝛼

𝑔 (0)− 𝑆𝛼
𝑔 𝑘Θ𝐸

[︂
1

exp(Θ𝐸

𝑇 )− 1

]︂
, (6)

Fig. 3. Spectral dependences of the absorption coefficient for
a (Ga0.2In0.8)2Se3 thin film at various temperatures: 77 (1 ),
150 (2 ), 200 (3 ), 250 (4 ), and 300 K (5 ). The insert shows
the temperature dependence of the steepness parameter 𝜎

𝐸𝑈 (𝑇 ) = (𝐸𝑈 )0 + (𝐸𝑈 )1

[︂
1

exp(Θ𝐸

𝑇 )− 1

]︂
, (7)

where 𝐸𝛼
𝑔 (0) and 𝑆𝛼

𝑔 are the energy pseudogap at
0 K and a dimensionless constant, respectively; Θ𝐸

is the Einstein temperature corresponding to the av-
erage frequency of phonon excitations of a system
of non-coupled oscillators, and (𝐸𝑈 )0 and (𝐸𝑈 )1 are
constants. The obtained 𝐸𝛼

𝑔 (0), 𝑆𝛼
𝑔 , Θ𝐸 , (𝐸𝑈 )0, and

(𝐸𝑈 )1 parameters for a thin film and a single crystal
[10] are given in Table. The temperature dependences

Parameters of the Urbach absorption
edge and EPI for a (Ga0.2In0.8)2Se3 single
crystal (for the 𝐸||𝑐 polarization) [10]
and a (Ga0.2In0.8)2Se3 thin film

Material Single crystal Thin film

𝛼0 (cm−1) 2.5× 1010 1.33× 105

𝐸0 (eV) 2.688 2.029
𝐸𝛼

𝑔 (eV) 2.003 1.887
𝐸𝑈 (meV) 38 55
𝜎0 0.835 0.581
~𝜔𝑝 (meV) 43 44
Θ𝐸 (K) 499 415
(𝐸𝑈 )0 (meV) 26 38
(𝐸𝑈 )1 (meV) 54 76
𝐸𝛼

𝑔 (0) (eV) 2.198 1.930
𝑆𝛼
𝑔 19.9 4.4
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Fig. 4. Temperature dependences of the energy pseudogap
𝐸𝛼

𝑔 (1 ) and the Urbach energy 𝐸𝑈 (2 ) of a (Ga0.2In0.8)2Se3
thin film

of the energy pseudogap 𝐸𝛼
𝑔 and the Urbach energy

𝐸𝑈 for a thin film calculated from Eqs. (6) and (7) are
shown in Fig. 4 as solid and dashed lines, respectively.

It is well-known that the Urbach energy 𝐸𝑈 is char-
acterized by the degree of disordering for the different
solids. For a thin film, the lengthy Urbach tails which
result in the high value of the Urbach energy 𝐸𝑈 are
observed. In Ref. [29], the influences of the tempera-
ture and structural disordering on the shape of the
Urbach absorption edge are studied. Thus, according
to Ref. [29], the Urbach energy 𝐸𝑈 is described by
the equation

𝐸𝑈 =(𝐸𝑈 )𝑇+(𝐸𝑈 )𝑋+(𝐸𝑈 )𝐶=(𝐸𝑈 )𝑇+(𝐸𝑈 )𝑋+𝐶 , (8)

where (𝐸𝑈 )𝑇 , (𝐸𝑈 )𝑋 , and (𝐸𝑈 )𝐶 are the contribu-
tions of the temperature and structural and compo-
sitional disorderings to 𝐸𝑈 , respectively. It should be
noted that the first term on the right-hand side of
Eq. (7) represents the sum of structural and compo-
sitional disorderings, and the second one represents
the temperature disordering. For the estimation of
the contribution of the different types of disordering
to the Urbach energy 𝐸𝑈 , we used the procedure de-
scribed in Ref. [30]. It is worth to note that the abso-
lute value of the contribution of the sum of structural
and compositional disorderings to the Urbach energy
of a thin film increases more than by 45% in compar-
ison with a single crystal [10].

Finally, in a (Ga0.2In0.8)2Se3 thin film, we have
observed: (1) a red shift of the optical absorption
edge of a thin film compared to a single crystal [10];
(2) the thin film is more disordered than the single

crystal [10], since the Urbach energy increases from
38 meV to 55 meV; (3) EPI enhances; (4) the absolute
value of the sum of the contributions of structural
and compositional disorderings to the Urbach energy
increases from 26 meV to 38 meV.

4. Conclusions

(Ga0.2In0.8)2Se3 films were deposited onto a quartz
substrate by the thermal evaporation technique. The
ellipsometric studies were performed in the spectral
region from 440 nm to 1000 nm. The optical constants
(refractive indices and extinction coefficients) for a
thin film were obtained from the spectral ellipsom-
etry measurements. In the transparency region, the
dispersion of refractive indices is observed, and the re-
fractive indices increase, by approaching the absorp-
tion edge. The dispersion of the refractive index of a
(Ga0.2In0.8)2Se3 thin film is described in the frame-
work of the Wemple–Di Domenico model. The spec-
tral dependences of the absorption coefficient were
derived from the spectrometric studies of interfer-
ence transmission spectra. The temperature variation
of the transmission spectra, as well as the tempera-
ture behavior of the absorption edge spectra in the
range of its exponential behavior are studied. A typ-
ical Urbach bundle is observed, and the temperature
dependences of the energy pseudogap and the Urbach
energy are analyzed. The influence of different types
of disordering on the Urbach tail is studied, and the
comparison of the Urbach absorption edge parame-
ters for a thin film and a single crystal is performed.
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ЕЛIПСОМЕТРИЧНI ТА СПЕКТРОМЕТРИЧНI
ДОСЛIДЖЕННЯ ТОНКОЇ ПЛIВКИ (Ga0,2In0,8)2Se3

Р е з ю м е

Тонкi плiвки (Ga0,2In0,8)2Se3 були отриманi методом тер-
мiчного напилення. За допомогою методики спектраль-
ної елiпсометрiї отримано дисперсiйнi залежностi показни-
ка заломлення та коефiцiєнта екстинкцiї. Дисперсiю по-
казника заломлення описано в рамках моделi Уемпла–Дi
Доменiко. Спектри оптичного пропускання тонкої плiвки
(Ga0,2In0,8)2Se3 дослiджено в iнтервалi температур 77–300
К. Вивчено температурну поведiнку урбахiвського краю по-
глинання, а також температурнi залежностi ширини псев-
дозабороненої зони та урбахiвської енергiї. Обговорюється
вплив рiзних типiв розупорядкування на край оптичного
поглинання тонкої плiвки (Ga0,2In0,8)2Se3. Проведено по-
рiвняння оптичних параметрiв тонкої плiвки та монокри-
стала (Ga0,2In0,8)2Se3.
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