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Abstract

The main exciton parameters and the refined values of the energy intervals
V1(I'7) - C1(T6), V2(T's) - C1(I's) and V3(I'7) - C1(I's) in CuAlSe; crystals are discussed. The crystal
field and spin-orbit splitting of the balance band are determined. The effective masses of
electrons (m’c1), and holes (m’vi, m*y2, m*y3) are estimated. The contours of reflectivity spectra
at high photon energies (E > Eg) are calculated on the basis of Kramers-Kronig relations. The
spectral dependences of the real and imaginary parts of the dielectric function, of the refractive
indexes no, Ne, and the absorption coefficient were determined. The experimental data are
discussed on the basis of theoretical band structure calculations.

1. Introduction

CuAlSe, compound belongs to the I-111-VI1, group semiconductors and crystallizes into a
chalcopyrite structure with the space group 1, —D,>. The materials from this group present

interest for applications in optoelectronic devices, particularly, for the development of solar cells
[1-3]. The photoluminescence properties of CuAlSe; crystals doped with Er** ions [3] and the
photoelectrical properties of surface barrier structures based on CuAlSe; crystals have been
previously investigated [4-6]. These compounds possess a strong anisotropy of optical properties
both in the visible and infrared spectral range.

Some optical and transport measurements were carried out on CuGaSe, thin films and single
crystals [7-16]. The values of the fundamental gap and its temperature dependence, the crystal field
and spin-orbit valence band splitting, as well as phonon and exciton parameters and the defect level
schema were reported. The energy band structure of the I-111-VI compounds has been calculated as
the nearest zincblende analogue [17, 18].

In this paper, we investigate the exciton spectra and the electronic transitions in a wide energy
range in CuAlSe; crystals. The electronic transitions are discussed on the basis of previously
performed theoretical band structure calculations.

2. Experimental methods
Platelike CuAlSe; crystals with 2.5 x 1.0 cm? mirror surfaces and 300-400 pm thickness

were grown by vapor phase transport. The surfaces of some platelets were parallel to the C axis.
The optical transmission and reflectivity spectra were measured with a MDR-2 spectrometer. The
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samples were mounted on the cold station of an LTS-22 C 330 optical cryogenic system for low-
temperature measurements.

3. Analysis of the band structure of CuAlSe; crystals at the center of the Brillouin zone

According to theoretical calculations of the energy band structure, the band-gap minimum in
CuAlSe; crystals is formed by direct electronic transitions in the center of the Brillouin zone
[19, 20]. The lower conduction band is of I's symmetry, while the upper V1 V. V3 valence bands
are of I'; I's and I'; symmetry, respectively. The interaction of electrons from the conduction
band I's (C1) with holes from the valence band I'; (V1) is determined by the product of irreducible
representations I'y x I'e x I'; = T'3+ I'y + I's. A T'y exciton allowed in the E||c polarization, a I's
exciton allowed in the E_Lc polarization, and a I's exciton forbidden in both polarizations are
formed in the long-wavelength region as a result of this interaction. The interaction of a hole
from the I's band with an electron from the I's band leads to the formation of three exciton series
with I'y, I'; and I's symmetries. The I's excitons are allowed, while T'; and I', excitons are
forbidden in E_Lc polarization according to the selection rules [12, 21].

Then =1 (ax = 2.8212 eV, o = 2.8237 eV) and n = 2 (2.8390 eV) lines as well as a weak
line at 2.8442 eV of the I'4 exciton hydrogen-like series are observed in the reflectivity spectra
of CUAISe; crystals measured at 10 K in the E|| ¢, kLc polarization. These lines are discussed in
[22]. The reflectivity spectra in the region of the » = 1 line are of a usual excitonic shape with a
maximum and a minimum. These peculiarities are due to presence of the transversal and
longitudinal excitons. A longitudinal-transversal exciton splitting of 2.5 meV is estimated for the
I'4 excitons from these data. A Rydberg constant of 24 meV is determined for the I'y exciton
series from the position of » = 1 and n = 2 lines. The energy of the continuum (Eg, N = ) is
2.845 eV. These energy values of the ground (n = 1) exciton states are in a satisfactory
accordance with previously reported values measured at 77 K for A-, B- and C-excitons,
respectively [22, 23].

The background dielectric constant ¢4 was estimated from the measurements of reflectivity
in the IR (400 cm™) and near-IR (12000 cm™) regions [22, 24]. The reported value of &, in
CuAlSe; crystals equals 6.67 in the (E||c) polarization and 8.28 in the (ELc) polarization far
from the exciton resonances (v = 4000-3000 cm™) [24]. The coefficient of reflection equals
0.24-0.25, and the value of g, is 7.4-8.2 in the region of exciton resonances. The value of the
background dielectric constant near the exciton resonance was used in calculations. With &, = 7.6
and Rydberg constant R =0.024 eV, the I';-exciton reduced mass equals to p = 8b2R/RH = 0.1my,
where R, is the Rydberg energy of the hydrogen atom (13.6 eV). The Bohr radius (as) of the S-

state of the I's-exciton equals 0.3x10® cm. A maximum at 2.851 eV (transversal exciton) and a
minimum at 2.853 eV (longitudinal exciton) are observed in the E_Lc polarization for the I's exciton
series. The longitudinal-transversal splitting of the I's exciton equals 2.0 meV. The n=2 excited
exciton state is observed at 2.868 eV. The binding energy of the I's exciton equals 22 meV, and the
energy of the continuum equals 2.873 eV. The C-exciton is observed at 3.023 eV (n=1)
and 3.03%eV (n=2)in the same polarization. The Rydberg constant equals 18 meV, and
the energy of the continuum equals 3.044 eV for this exciton.

The calculations of the reflectivity spectra in [22] were carried out within the framework
of classical optics taking into account the spatial dispersion and the presence of a dead-layer
[25-29]. The translation mass M of the I’y and I's excitons equal to 1.3m, were determined
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from these calculations in CuAlSe; crystals

The values of the reduced mass of excitons are determined from the relation
_ 7o 7 (1)

where j corresponds to I'y and I's excitons, R; is the binding energy of the j-exciton, R, is

the Ridberg constant of the hydrogen atom, eb" and & are the background dielectric
constants. The effective masses in the conduction and three valence bands were determined on
the basis of these data, and taking into account that M = m,” + m.  and 1/u=1/m, +
1/m¢’, where m.", my1.3 are the effective masses in the conduction band and in the I'7(V4), Ts(Va),
I'7(V3) valence bands.

With the values of M = 1.3mp and p = 0.1my, the electron effective mass m. equals 0.11my,
and the effective mass of holes my;" equals 1.2mg. These values of the effective masses do not
differ significantly from those obtained previously for CuGaSe, crystals. The parameters of the
I's excitons do not essentially differ from the parameters of I", excitons.

With the translation mass M = (0.5 — 0.8)mg and the B-exciton binding energy R = 22 meV,
the electron effective mass m. equals 0.11my, and the effective mass of light holes my,” equals
(0.4 — 0.7)m,. For the C-exciton series, the reduced effective mass equals p = 0.076mg, and the
mys_hole mass equals 0.25mo. The parameters of energy bands are presented in Fig. 1.
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Fig. 1. Energy band structure at the T" point illustrating the transition from the zincblende (T,) to the
chalcopyrite (Dog) structure.

The parameters of the exciton series and the energy of the continuum (Eg) [22] makes it
possible to reliably determine the splitting of the upper valence bands at the center of the
Brillouin zone due to the crystal field (A¢r) and spin-orbit interaction (Aso).

As mentioned above, the energy band structure of the I-111-VI compounds was calculated as
the nearest zincblende analogue [19, 20]. A stronger decrease in the bandgap and the spin-orbit
splitting is found as compared to the zincblende analogs. In most of crystals from this group,
including CuAlSe;,, the bandgap is decreased by 1 eV as compared to the ZnSe analog, and the
spin-orbit splitting decreases from 0.45 eV to 0.23 eV. These effects are explained by the
hybridization of the p- and d-states, which determine the upper valence bands at the center of the
Brillouin zone [19, 20].

The interval between the levels I'7(V1) — I's(V2) in I-111-VI; structures is assigned as E;, and
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the interval between the levels I'g(V2) — I'7(V3) is assigned as E; provided that A < Eg. These
values are deduced from the Hamiltonian matrix and are determined by the following relation:

1/2
El(z) = %(Aso + Acf )i [%(Aso + Acf ) gAsoAcf i| : (2)

By using this relation and taking into account the energy position of the n = 1 lines of the
A, B, and C excitons, we can calculate the value of the crystal field and spin-orbit splitting. Table
1 summarizes the calculated values of the A¢ and Asp from the position of ground (» = 1) states
of the A, B u C excitons in CuAlSe.

Table 1. Exciton parameters of CuAlSe, crystals

AeV) B(eV) C(eV) At (MeV) Aso (MeV)
Exciton | n=1 | 2.821 2.851 3.023
state n=2 |2.839 2.868 3.039
R 0.024 0.022 0.018
Ey (n=00) 2.845 2.873 3.041 -49.6 149

Previously [19, 30], the crystal field splitting has been estimated from the following relation:
A, =-3/2b(2-c/a) 3)

where a and c are the crystal lattice constants, b is the deformation potential, which equals 1.0 for
the I-111-V1, chalcopyrite compounds. The following relation is used for the estimation of the
influence of the p-d hybridization on the spin-orbit splitting:

Ago = A, +(1-B)A, @)
where the spin-orbit splitting of the p-states equals A, = 0.43 eV for the Cu atoms, and

A, =-0.13 eV is the negative spin-orbit splitting of the d-levels, g is the content of the p-states

in the upper bands in percents [19, 30]. Using these relations, the income of the p- and d-states in
the upper valence bands of CuAlSe; crystals was estimated to be around 23-30% and 70-77%,
respectively.

4. Calculation of optical functions from the reflection spectra using
the Kramers-Kronig relations

The measurement of the coefficient of reflection, i.e. the amplitude of the Fresnel
coefficient of reflection, in the wide energy interval in the case of a normal incidence makes it
possible to determine the phase of the reflected radiation beam. According to [31, 32] the
coefficient of reflection can be presented as

n—ik -1
—' =JRe ©)

—ik+1
where R is the coefficient of reflection at a normal incidence angle, n is the refraction index, Kk is
the extinction index, and ¢ is the phase angle. The Kramers-Kroning relations describe the
relation between the phase and the amplitude of the complex Fresnel coefficient of reflection at a
normal incidence angle [31, 32]:
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ole) = 22 [ MRy, ©)
T 50—

To calculate the exact value of ¢, it is necessary to have the spectrum of the index of
reflection in an infinite frequency interval, while the real experimental spectrum is measured in a
limited frequency interval a<w<b.

In the present work, the reflectivity spectra of CuAIlSe; crystals are measured in the energy
interval of 2.5 to 6 eV with a polarized light. A structure of maxima (a;-ajo, €1-¢9) associated with
interband transitions at different points of the Brillouin zone is observed in the reflectivity
spectrum measured at energies E > Egat 77K in E || ¢ and E_Lc polarization (Fig. 2). As previously
proposed [17, 18], the ¢ values in the high energy region (b<w<w), where the spectra were not
measured, were calculated by means of an extrapolation of the spectral dependence of the
coefficient of reflection by using the function R(w)=cw °, where C, p are some constants
[31, 32]. The R(w) =R(a) approximation was used in the region of 0 < <a without taking into

account the contribution of lattice vibrations to the coefficient of reflection in this spectral
interval.
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Fig. 2. Spectra of the coefficient of reflection R and the real part of the dielectric permeability &;(®)
obtained from the calculations of the reflectivity spectra using Kramers-Kronig relations for CuAlSe,
crystals for E||c polarization (a) and E_Lc polarization (b).

The optical functions have been determined by using the calculated ¢ values and the
experimental values of R:
2JR singe

1-R
n= =
1-2JRcosp+R 1-2/Rcosp+R

g=n*-k?*and g,=2nk.  (7)

Figure 2 presents the spectra of the coefficient of reflection R and the real part of the
dielectric permeability e;(w) obtained from the calculations of the reflectivity spectra using the
Kramers-Kronig relations for CuAlSe, crystals for E|lc and E_Lc polarization. As expected, the
maxima of the coefficient of reflection correspond to the short-wavelength decrease of the &
function.

Figure 3 shows the spectral dependences of the imaginary part ¢, of the dielectric
permeability for both polarizations. As one can see from the figure, the curves of the spectral
dependences of &, for E||c and E_Lc polarizations intersect at energies of 2.8, 4.3, and 5.4 eV.
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I CuAlSe,

Energy (eV)

Fig. 3. The imaginary part of the dielectric permeability ,(w) for E || ¢ and E_Lc polarizations for CuAlSe,
crystals.

Figure 4 presents the spectral dependence of the refractive index n and the extinction
coefficient k calculated using relations (5)-(7). The optical functions of CuGaS,, CulnS,, and
CuGaSe; crystals were calculated by using this method [17, 18]. The results of these calculations
are in good agreement with the earlier published results on ellipsometry of these crystals [33-36].

The anisotropy of spectral dependences of &1, &2, n, and k is observed in CuAlSe; crystals in
E||lc and E_Lc polarizations (Fig. 4). Similar values of n (2.66-2.82) were obtained in an interval of
1.9-2.5 eV in CuGas; single crystals [33, 18]. The values of the refractive index in E||c and E_Lc
polarizations at an energy of 2.1 eV are 2.720 and 2.724 eV, respectively [18]. The reported
values of n and k for thin films of CulnS, are different depending on the method of crystal
growth, they being as follows: n= 2.65-3.05 (0.5-3.0 eV), k= 0-1.18 (1.35-3 eV) [34]; n = 2.72-
2.95 (0.8-1.4 V), k = 0.22-0.42 (1.7-1.9 eV) [35]; and n=2.3-1.8 (1.5-4.0 eV), k = 0.45-0.8 (1.5-
4.0 eV) [36].
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Fig. 4. Spectral dependences of the refractive index (n) and extinction coefficient (k) of CuAlSe, single
crystals at E| c and E Lc polarizations.

In order to analyze the anisotropy of the refractive index, Fig. 5 presents the spectral
dependence of the refractive index of CuAlSe; crystals for E||c (n,) and E_Lc polarizations (ne).
The intersection of the dispersion curves of the ordinary (n,) and extraordinary (ng) refractive
indexes at a certain wavelength X, is a peculiarity of uniaxial crystals. The uniaxial crystal
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exhibits a behavior of optical isotropic medium at the wavelength A= %o, and this wavelength is
called “isotropic wavelength” or isotropic point (IP). Actually, a lot of crystals with isotropic
wavelength were investigated [21-32]. However, the isotropic wavelength was investigated
mainly in the region of the fundamental absorption edge [27-29, 32].

The isotropic wavelength in the region of transparency for different crystals is as follows:
536 nm in CuAlSe;, 642 nm in CuGasS,, 811 nm in AgGaSe,, 810 nm in CuGaSe; [23, 24]. The
transmission spectra of these crystals placed between two cross-oriented polarizers with the optical
axis parallel to polarization of one of the polarizers represents a narrow transmission band
localized at the wavelength of IT (band pass mode filter) [25-32]. By the contrary, in the case of a
uniaxial crystals placed between two parallel-oriented polarizers, a narrow absorption band is
observed in the transmission spectrum (band elimination filter). The peculiarity of crystals is used
for the filtration of optical radiation [25-32]. The platelets of AgGaS, with optical isotropy
wavelength (“null wavelength” plates) were used for manufacturing Lyot filters and Solc filters
[25, 26].
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Fig. 5. Spectral dependences of the refractive index (n) of CuAlSe, single crystals at E||c and ELc
polarizations.

Materials with a chalcopyrite structure possess a higher birefringence as compared to
crystals with a wurtzite structure. The difference between the optical isotropy wavelength A, and
the fundamental absorption edge in semiconductors with a chalcopyrite structure is higher as
compared to wurtzite semiconductors.

We demonstrate in this paper that this peculiarity of crystals can be also observed in the
region of fundamental absorption. This is clearly observed by comparing the spectral dependence
of &, (Fig. 3), the refractive index n, and the extinction coefficient k (Fig. 4) obtained from the
calculation of reflectivity spectra in the exciton region and deep in the absorption band. These
wavelengths are marked with W1, W2, and W3 in Fig. 5. The presence of isotropic wavelengths
in the region of fundamental absorption is very important actually in connection with the
development of device structures with nanolayers. The development of structures with nanolayers
based on semiconductors with isotropic wavelength makes it possible to control the optical waves
in the high energy spectral region as well as in the region of the absorption edge [25-32].

The spectral dependence of the absorption coefficient determined as a(1) = 477[k(/1) is of
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a major importance for the development of solar cells and optoelectronic photodetectors. The
higher is the value of the absorption coefficient in the fundamental absorption region, the higher
is the amount of energy converted into electricity.

Figure 6 presents the absorption spectra in the region of E>E, obtained from the calculation
of transmission and reflection spectra of CuAlSe, crystals. One can see that the value of the
absorption coefficient is rather high in both the polarizations of the light wave. The anisotropy of
the absorption coefficient a and the presence of isotropic wavelengths (W1, W2 and W3) in these
crystals can be used for the development of current sign inverters [37] with nanolayer active
regions working in the region of isotropic wavelengths.

o,CIm

Energy (eV)

Fig. 6. Spectral dependence of the absorption coefficient of CuAlSe, crystals at E || c and E_Lc polarization
at 77 K.

5. Electronic transitions and the energy band structure of CuAlSe, crystals

The electronic transitions revealed in experimental reflectivity spectra and in ellipsometry
of I-111-V1; crystals are interpreted on the basis of theoretical calculations [19] conducted for the
T, T', and N points of the Brillouin zone. Apart from that, theoretical calculations of the band
structure were performed for other points of the Brillouin zone, such as Z, X, and P [20], and
compared with experimental data [19].

The features observed in the experimental reflectivity spectra of CulnS,, CuGas, [18], and
CuGaSe; [17], as well as in the calculated spectral dependences of the imaginary g,(®) and real
e1(w) parts of the dielectric permeability, are due to direct electronic transitions at different
points of the Brillouin zone. The experimentally determined values of the energy intervals are
compared to the calculated band structure at the T', P, X, Z, and N points of the Brillouin zone
[20].

The energy band structure in the neighborhood of Z, X, and P points was calculated without
taking into account the spin-orbital and the crystal field interaction. The valence bands are
degenerated at these points. Actually, the valence bands are split which results in a large number
of polarized electronic transitions revealed in the reflectivity spectra. For instance, two upper
valence bands Vi, V, are evidenced at the Z point. Each of these bands is twofold degenerated.
As a result, there are four electronic transitions to the C; conduction band at the Z point. A
similar situation occurs at other points of the Brillouin zone. The maxima A;, Ej emerge in the
reflection spectra as a result of the degeneration removal of V; bands at different points of the
Brillouin zone.
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Intense a;-ajp and e;-eg maxima are observed in the reflectivity spectra of CuAlSe; crystals
measured in E|lc and E_Lc polarizations in the region of E>E4 (Fig. 2). Some features were
observed in a region of 2.5, 3.5, and 4.5 eV in the ellipsometry measurements performed at room
temperature in CuAlSe; crystals [38]. These features are better resolved with decreasing the
temperature. By analogy with A;, E; transitions observed in CulnS,, CuGaS, and CuGaSe;
crystals previously observed in E|lc and E_Lc polarizations, respectively [17, 18], we attribute the
maxima observed in the spectral dependence of the R/ at 3.921/3.905 eV (a,) in E||c polarization
and 4.045/4.045 eV (ey) in E_Lc polarization to I'7(V1)-I's(Cy) electronic transitions (Table 2).

Table 2. The interpretation of interband transitions in CuAlSe, crystals and the values of the respective
energy intervals deduced from measurements of the reflectivity spectra (R) or dielectric permeability

spectra (g). The values of the damping parameter () are also presented.

ai R 13921 F7(V1)- F7(C2) ds R | 5.017 X(Vz)-X(Cl)
e | 3.905 ¢ | 5.008
» 1 0.07(1) » | 0.10(1)
e; | R|4.045 €6 R | 4.932
e | 4.045 e | 4.932
» | 0.06(1) » 1 0.05(2)
a |R|4045 |To(Vo)-T+C2) |ar | R|5261 | N(Vy)- N(Cy)
e | 4.045 e | 5.261
» 1 0.07(1) » 1 0.10(2)
e; | R|4.157 er R|5.104
e | 4.157 ¢ | 5.104
» | 0.04(1) » 1 0.09(1)
as |R|4.299 | Z(V1)-Z(Cy) as | R|5331 | N(V2)-N(Cp)
e | 4.299 or e | 5.331
y 10.042) | P(V1)-P(Cy) v | 0.14(3)
es |R|4.314 es R | 5.290
¢ | 4.314 ¢ | 5.290
, | 0.04(1) 1 01(1)
a |R|4596 | Z(V2)-Z(Cy) 2, | R|5602 | N(Va)-N(Cp)
e | 4.585 or ¢ | 5.602
y 10.07(1) | P(V2)-P(Cy) y | 0.07(1)
es |R|4.464 €9y R | 5.491
e | 4.464 ¢ | 5.491
/1 0.05(2) /1 0.06(2)
ds R | 4.797 X(V]_)-X(Cz) aio R |6.276
e | 4.788 e | 6.234
, [007(2) y
€5 R | 4.821 €10 R
e | 4.821 €
, 1 0.08(1) y

The maxima a, (4.045/4.045 eV) and e, (4.157/4.157 eV) are observed in the short-
wavelength region of the aj;, e; maxima in E|lc and ELc polarizations, respectively. The
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difference of energies of a,, e, and a;, e; maxima is nearly equal to the splitting of the valence
bands in the center of the Brillouin zone (123-150 meV) due to the crystal field and spin-orbital
interaction. Therefore, the a,, e; maxima are also assigned to the electronic transitions in the
center of the Brillouin zone from the I'7(V3) valence band to the I';(C;) conduction band.

Two peaks a3 (4.299/4.299 eV) and e3 (4.314/4.314 eV) are observed in spectra of CuAlSe;
in E||c and E_Lc polarizations, respectively. An analogous maximum Ajz was observed at 3.55 eV
in unpolarized spectra of CuGaSe; crystals [17]. This maximum was assigned to N;(V3)-N1(C1)
transitions. Similar transitions were observed at 3.50 eV (E1(AX) XI) in ellipsometry spectra of
CuGaSe; crystals measured at 300 K in E||c polarization [38, 39]. These ellipsometry data were
treated in terms of I's(V)- I'1(C) transitions. The energy intervals between the upper valence band
and the lower conductance band in CuGaSe; crystals in the neighborhood of P and Z points equal
to 2.04 Eg, where Eg is the minimum energy interval at the I" point, while this interval is of 2.43E,
at the N point according to the estimations of [17].

The energy intervals in the neighborhood of P and Z points are significantly narrower than
the respective intervals at the N point. On the basis of these data, one can assign the maxima As,
Es and A4, E4 in the reflectivity spectra of CuGaSe; crystals to the transitions at the P and Z
points. On the basis of these data, one can suggest that the peaks a3 (4.299/4.299 eV) and e;3
(4.314/4.314 eV) observed in spectra of CuAlSe; crystals in E||c and E_Lc polarizations are due to
Z(V1)-Z (C1) or P(V1)-P(Cy) transitions, while the peaks a; (4.596/4.585 eV) and ey
(4.464/4.464 eV) are due to Z(V,)-Z(C,) or P(V2)-P(C,) transitions (Table 2).

The maxima A4s (4.08/4.11 eV) and Es5 (4.08/4.10 eV) were observed in a region of 4 eV in
CuGaSe; crystals in E|lc and E_Lc polarizations, respectively. A maximum As was also observed
at 4.10 eV in the reflectivity spectra of CuGaSe; crystals which was attributed to I'7(V1)- I'2(Cs)
transitions. These maxima are analogous to the (E;(B)) peaks observed at 4.05 eV (E||c) and
4.03 eV (ELc) in the ellipsometry spectra measured at 300 K [39] which were attributed to
N1(V2)-N1(C1) transitions. According to recent theoretical calculations [20], the interband
intervals at the X point are higher as compared to those at the P and Z points, but they are smaller
as compared to those at the N and T points. Therefore, the maxima A4s (4.11 eV) and E5 (4.10 eV)
in spectra of CuGaSe; crystals [17] were assigned to transitions from the V; band to the C; band
at the X point. Similarly, the peaks as (4.797/4.788 eV) and es (4.821/4.821 eV) observed in
spectra of CuAlSe; crystals can be attributed to X(V1)-X(C,) transitions.

The maxima ag (5.017/5.008 eV) and eg (4.932/4.932 eV) observed in CuAlSe; crystals in
E || c and E_Lc polarizations, respectively, are probably due to transitions between the V,-C; bands
at the X point (Fig. 7). The splitting of the valence bands at the X point is 0.22 eV in this case.
However, it could be that these peaks are due to transitions at the T3(V1)- T1(C1) point as
suggested for CuGaSe; crystals in [39]. An Ag maximum was observed at 5.16 eV in [17], while
an (E1(B)) maximum was revealed at 4.89 eV (E.Lc) in ellipsometry spectra measured at
300 K [39] which was attributed to transitions at the T point.

Since according to theoretical and experimental data [17, 18, 20] the interband interval at
the N point is higher that the respective intervals at the X, P and Z points, one can consider that
the peaks a7 (5.261/5.261 eV) and ey (5.104/5.104 eV) observed in EJjc and E_Lc polarizations,
respectively, are due to transitions from the V; band to the C; band at the N point. The peaks ag
(5.331/5.331 eV) and eg (5.290/5.290 eV) observed in E||c and E_Lc polarizations, respectively,
are probably due also to transitions at the N(V>)-N(C;) point. The maxima ag (5.602/5.602 eV)
and ey (5.491/5.491 eV) are observed in the reflectivity spectra in the more short-wavelength
spectral region. These features can be assigned to N(V3)-N(C,) transitions.
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Figure 7 presents the results of theoretical band structure calculations [25] and the
interpretation of experimentally observed interband transitions in CuAlSe; crystals. The values of
energies of direct interband transitions and the damping parameters for CuAlSe, crystals are
summarized in Table 2.

Fig. 7. Electronic transitions and the energy band structure of CuAlSe; crystals [25].

6. Conclusions

The calculations of the contours of reflectivity spectra in a wide energy interval performed
in this work for CuAlSe, crystals on the basis of Kramers-Kronig relations give additional
information for the interpretation of electronic transitions. However, theoretical calculations of the
energy band structure at all points of the Brillouin zone are needed for a reliable interpretation of
the experimentally observed electronic transitions. The ab initio calculation of the spectral
dependence of the dielectric function and its comparison with the experimentally obtained spectra
would be especially valuable.
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