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Electronic, dielectric properties and charge transfer in a TlGaS2 : Nd
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The band structure, density of states, and electronic properties of a 32-atomic supercell of a semiconductor

compound TlGaS2 containing neodymium are calculated. On the grown new single crystals of TlGaS2 : Nd
3+

(0.3mol% Nd2S3), experimental results on the physical properties have been obtained. The temperature

(93−538K) and frequency (5 · 104−3.5 · 107 Hz) dependences of the dc and ac conductivity and the frequency

dispersion of the dielectric coefficients of TlGaS2 : Nd
3+ single crystals have been studied. It was found that in

TlGaS2 : Nd
3+, in the entire studied frequency range, there are losses due to electrical conductivity, and the charge

transfer has a hopping character. The parameters of localized states are estimated, such as the density of localized

states near the Fermi level and their spread, the average hopping time and distance, and the concentration of deep

traps responsible for the dc and ac conductivity in TlGaS2 : Nd
3+.
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1. Introduction

The class of thallium chalcogenide compounds of type

TlB IIICVI
2 (B = In, Ga, C = S, Se, Te) is being actively stu-

died for a long time [1]. They have a layered chain

structure [2] and anisotropic physical properties. Charge

carriers in TlB IIICVI
2 single crystals can move inside the

layers, while their motion between the layers is limited due

to van der Waals interaction. Interest to the properties of

TlB IIICVI
2 single crystals is still considerable. Suffice it to say

that a biennial international conference on ternary and mul-

ticomponent compounds (ICTMC) is held. The properties

of the TlB IIICVI
2 compound, in particular, TlGaS2 are being

actively studied [3]. TlGaS2 crystals have both semiconduc-

tor and ferroelectric properties. TlGaS2 has the band gap

of ∼ 2.6 eV at 77K and is crystallized in a monoclinal unit

cell with space group C2/c and parameters: a = 10.299 Å,

b = 10.284 Å, c = 15.175 Å, β = 99.603◦ [1,2].
Electric, photoelectric, X-ray dosimetry properties of

TlGaS2 single crystals and influence of lithium ion inter-

calation on them have been studied [1]. The influence

of impurities, e.g., transition metals (Fe,Co, Ni) [4–6] and

heavy lanthanoids (Er, Yb) [3,5] on electric and dielectric

properties of TlGaS2 single crystals has been also studies.

The main attention in the corresponding studied was paid

to stability of some or other properties of the TlGaS2 single

crystal. However, so far there is no systematic data on phys-

ical properties of lanthanoid-doped TlGaS2 single crystals.

Lanthanoid sesquisulfides (Ln2S3, where Ln=La−Lu)
attract researchers-attention thanks to their interesting struc-

tural, optical, magnetic and thermoelectric properties [7].
In such wide-band-gap semiconductor sulfides of trivalent

lanthanoids, 4 f -electrons are localized in the inner shell

of lanthanoid ions, while polarization of 5d-electrons leads

to ferro- and antiferromagnetic interactions in lanthanide

alloys [8].
Ln2S3 compounds exist in the form of several poly-

morphic modifications: α, β, γ, δ and ε. The α-phase

has an orthorhombic structure and is a low-temperature

phase. The β-phase has a tetragonal structure and a variable

composition Ln10S14O1−xSx (0 ≤ x ≤ 1). The γ-phase

has a cubic defect structure of the Th3P4 type and is

a high-temperature phase of Ln2S3. The δ-phase has a

monoclinic structure, while the ε-phase has a rhombohedral

structure [9]. In particular, the Nd2S3 compound has two

polymorphic modifications [9–11]: α (space group Pnma)
and γ-phases (space group I 4̄3d). Paper [12] showed that

the absorption, excitation and luminescence spectra contain

bands related to 4 f −4 f -transitions of trivalent ions Pr3+

and Nd3+ in double molybdates.

An analysis of the experimental results for doped TlGaS2
single crystals [1–6] shows that the monoclinic (space group
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C2/c) structure retains the same symmetry as a result of an

ordered distribution of doping atoms in interstices and in

the sublattice of Ga atoms. Taking this into account, the

obtaining of single crystals of new compositions TlGaS2,

activated by trivalent neodymium ions (Nd3+) can be used

to create functional materials.

Single crystals of neodymium-containing ternary chalco-

genides are poorly studied. Various phase transformations

occur in semiconductor materials containing Ln3+ . There

are exchange interactions of Ln3+ ions and chalcogenide

metals whose valence electrons with the highest energy

occupy the p-orbital. For instance, selenides Ln3+ are

characterized by interaction and hybridization between

localized 4 f - and meandering 5d-electrons [6]. Therefore,

partial substitution of gallium by neodymium (Nd) can con-

siderably affect the physical properties of TlGaS2. However,

the regularities of frequency dispersion of dielectric coeffi-

cients and charge transfer in neodymium-containing TlGaS2
have not been studied. In the present paper, we analyzed

the band structure for the monoclinic (sp. gr. C2/c) phase

on the basis of TlGaS2 : Nd
3+, determined the structural

parameters and calculated the density of atoms’ (ions) state

in the TlGaS2 structure. We compared three TlGaS2-based

band structures to determine its electronic properties. In

addition to the aforesaid, the present paper was aimed

at determining the dielectric parameters of the TlGaS2
single crystal, containing a dopant of Nd3+ ions (0.3mol.%

Nd2S3) and at establishing the mechanism of direct current

conductivity (dc-conductivity — σdc) and alternating current

conductivity (ac-conductivity — σac).

2. Experimental and calculation
procedure

2.1. Synthesis

The initial chemical substances used in this study to

obtain single-crystal samples of TlGaS2 : Nd
3+ were the

TlGaS2 compound and the low-temperature modification of

dineodymium trisulfide α-Nd2S3.

TlGaS2 was synthesized using Tl (Tl00), Ga (Ga 5N),
S (extra-pure 165). TlGaS2 was synthesized in an electric

furnace by interaction of stoichiometric amounts of thallium,

gallium and sulfur at 1000 ± 5K for 5−7 h in a quartz

ampule sealed under vacuum 10−3 Pa [3,13]. Temperature

of the furnace, containing the ampule with the Tl, Ga and S

components, was increased from 870 to 1000K for 2 h, to

avoid an explosion due to the high sulfur vapor pressure.

The low-temperature modification of α-Nd2S3 was syn-

thesized from neodymium oxide powders (Nd2O3) as per

the procedure described in [14–16]. The reaction of Nd2O3

sulfurization in a tube furnace was carried out using CS2
gas at 1123K for 3 h. Synthesis completion, homogeneity,

individuality of TlGaS2 and α-Nd2S3 was monitored by the

XRF method (D8 Advance Bruker AXS diffractometer;

CuKα-radiation) in the angle range of 2θ: 10−100◦ .

The samples of TlGaS2 : Nd
3+ (0.3mol.% Nd2S3) were

obtained by melting together of stoichiometric weighed por-

tions of previously prepared initial components TlGaS2 and

α-Nd2S3 in quartz ampules evacuated to 10−3 Pa and sealed.

Single crystals were grown from the synthesized samples of

TlGaS2 : Nd
3+ by the Bridgman–Stockbarger method. To do

so, the synthesized TlGaS2 : Nd
3+ polycrystals were ground

and in the ground state placed in a quartz ampule 8−10 cm

long, with the internal diameter of 1 cm and a pointed

end. The quartz ampule with the sample of TlGaS2 : Nd
3+,

evacuated to a residual pressure not worse than 10−3 Pa,

was placed in a dual-temperature electric furnace of the unit

for single crystal growing. The temperature of 1165 ± 10K

was maintained in the furnace top, and 1110 ± 10K — in

the bottom. The speed of ampule movement in the furnace

was equal to 0.3−0.5 cm/h, while temperature gradient at

the crystallization front was 25± 5K.

The surface of the obtained TlGaS2 : Nd
3+ single crystal

was mirror-smooth, and the single crystal was used for phy-

sical studied without additional treatment.

2.2. Electric measurements

The samples of TlGaS2 : Nd
3+ for direct- and alternating

current electric measurements were made in a sandwich

variant, i.e. the external electric field was applied across

the natural crystal layers (along the crystal C-axis). Silver

paste was used as electrodes to the samples. Intensity of

the electric field applied to the crystals corresponded to the

ohmic region of the current-voltage characteristic. Direct-

current conductivity of the samples was measured using the

PIUS-1UM-K instrument, the temperature range of electric

measurements being 93−538K. The sample temperature

was measured using a remote temperature sensor with the

error of ±0.2K. Dielectric coefficients of the TlGaS2 : Nd
3+

crystals were measured by the resonance method [17]
using a Q-meter. The range of alternating electric field

frequencies was 5 · 104−3.5 · 107 Hz. All dielectric mea-

surements were performed at 300K. Reproducibility of the

resonance position was ±0.2 pF in terms of capacitance,

and ±1.0−1.5 scale division in terms of quality factor

(Q = 1/ tnδ). Thereat, the largest deviations from the

average values were 3−4% for ε and 7% for tnδ .

2.3. Calculation procedure

The band structure and electron states of TlGaS2 and

TlGaS2 : Nd
3+ semiconductor crystals were studied within

the framework of the density functional theory (DFT).
The Atomostix ToolKit software package was used. The

interatomic distance for theoretical calculations was cal-

culated within the framework of Generalized Gradient

Approximation (GGA) and local density approximation

(LDA and LSDA). Integration within the reduced Brillouin

zone was performed using k-points 2× 2× 2 according to

the Monkhorst–Pack scheme. The electronic structure of

TlGaS2 and TlGaS2 : Nd
3+ was calculated for equilibrium
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lattice parameters [18,19]. The latter were obtained by

minimizing the total energy for each calculation scheme.

The crystalline structure was optimized until the maximum

value of the interatomic force was less than 0.01 eV/Å,

while the maximum value of the mechanical stress tensor

was less than 0.01 eV/A3. The hybrid method was used to

increase accuracy of band gap underestimation [20]. The

exchange and correlation potentials for DFT-calculations

were corrected using the Hubbard model [21].

3. Results and discussion

Fig. 1 shows the X-ray diffraction patterns for the initial

compounds TlGaS2 and Nd2S3. The X-ray images have

distinct reflections corresponding to the TlGaS2 and Nd2S3
crystals. They are identified by a monoclinic structure with

a space group (sp. gr.) C2/c for TlGaS2 and an orthorhom-

bic modification (sp. gr. Pnma) Nd2S3. The structural

characteristics of the TlGaS2 compound (a = 10.299 Å,

b = 10.284 Å, c = 15.175 Å, β = 99.603◦) agree with the

data of [1,2,22,23]. The X-ray image for the synthesized

Nd2S3 corresponded to the following structural data for

the orthorhombic α-phase of α-Nd2S3 : a = 4.028 ± 0.001,

b = 7.447± 0.001, c = 15.519 ± 0.002 Å. These parame-

ters agree with the structural data of α-Nd2S3 in [9,24].

3.1. DFT-studies

The initial model will be the results of the DFT-study of

a 32 atom supercell of TlGaS2 (Fig. 2). Atoms of the first

and second layers for correct reproduction of the electronic

structure of the bulk were fixed in equilibrium
”
perfect“

positions of the bulk lattice, atoms of the other
”
upper“

layers were able to relax.

Fig. 2 shows the optimized atomic model of TlGaS2
(Fig. 2, a), where one Ga atom at the specified positions

was successively substituted by a Nd atom (Fig. 2, b). The
calculated values of total energy of the obtained structures

and their difference from the minimum possible energy have

shown that the energy increment did not exceed 0.13 eV.

Substitution of one Ga atom with a Nd atom in the TlGaS2
supercell does not greatly change the total energy (the
maximum change is 0.1 eV). Moreover, if we increase the

layers in the model, placement of Nd atoms in the surface

layer is preferable, as compared to placement in the middle

layer.

Substitution of a gallium atom with a neodymium atom

in the TlGaS2 supercell causes a change of distance (↔)
between the layers. Thus, the distance between the

second and third layers in neodymium-containing struc-

tures is larger than the bulk distance, while in pure

TlGaS2 it is smaller. Addition of a neodymium atom

leads to a successive increase of the distance between

the model layers. In particular, when the 12-th Ga

atom in the TlGaS2 supercell is substituted by a Nd

atom, the calculated distances between S atoms around

Nd significantly differ from each other. For instance,

distances between the 12-th Nd atom and the 21-st one (for
Nd12 ↔ S21 − 2.017 Å), 25-th (for Nd12 ↔ S25 − 2.295 Å)
and 29-th S atoms (for Nd12 ↔ S29 − 2.534 Å) differ from

each other.
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Figure 1. X-ray diffraction patterns for the initial compounds

TlGaS2 and α-Nd2S3.
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Figure 2. Atomic model of the studied TlGaS2 and TlGaS2 : Nd
3+

supercells: a — primitive cell of the TlGaS2 compound; b —
TlGaS2 : Nd

3+ supercell where one Ga atom is substituted by a Nd

atom.
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Figure 3. Band structure of TlGaS2 (a) and TlGaS2 : Nd
3+

crystals (b) (the LSDA calculation scheme taking into account

the Hubbard model was used). The states in the negative energy

region pertain to the valence band, and in the positive energy

region — to the conduction band.

The band structures and densities of states(DOS), con-
structed with the framework of the used approximation,

for the TlGaS2 and TlGaS2 : Nd
3+ crystals are qualitatively

equal. We solved the problem of mismatch between the

DFT-calculated value of the band gap with the experimental

data of Eg by using a Hubbard model [21] that describes

particle interaction in a lattice

H =
∑

i, j

∑

σ

Ti jc
+
iσ c−

jσ +
1

2
I
∑

σ,i

Ui ni,σ ni,−σ − I
∑

σ,i

v iiniσ ,

(1)
where Ti j — transfer integral that describes electron

hopping from site i to site j ; c+
iσ and c−

jσ — operators

of birth and elimination of electrons with spin σ at site i ;
c+

iσ c−

jσ = niσ — operator of the number of particles with

spin σ at site i ; Ui — Coulomb repulsion energy of two

electrons being at the i-th site; integral I = (ii|1/r |ii);
v ii = 1

2
n.

This model makes it possible to approximate electron

states in narrow energy bands, in particular, the energy

of single-electron atomic state at site i . The Hamiltonian

of this model contains, in addition to the intrinsic energy

of electrons, a kinetic term that corresponds to particle

tunneling between lattice sites, and a term that describes

Coulomb repulsion of two electrons being at one lattice site.

Fig. 3 shows the band structure only for the hybrid

LSDA scheme that comprises correction parameters. On

the whole, the obtained results agree satisfactorily with the

experimental data of Eg = 2.62 eV at 77K [2]. The obtained
models of the crystal band structure show a decreased value

of the band gap to 2.39 eV (for pure TlGaS2) as compared

to the experimental Eg (Fig. 3, a). A similar decrease of Eg

was also observed for TlGaS2 : Nd
3+ (Fig. 3, b).

It was established that the value of Eg decreases as

a result of neodymium doping of TlGaS2. This can be

associated with compensation of electrically active impurity

centers in the TlGaS2 monoclinic structure by interstitial

energy levels of neodymium ions. The arising structural

defects due to TlGaS2 crystal doping stimulate the migration

of defects present in the crystal.

Densities of states for the valence band and subbands of

the TlGaS2 : Nd
3+ structure are shown in Fig. 4. Substitution

of one gallium atom with a neodymium atom in TlGaS2
causes a redistribution of electrons of the s -, p- and d-shells
of the neodymium atom and formation of hybridized

TlGaS2 : Nd
3 states. A successive increase of the quantity of

Nd atoms reduces the density of states for relative energies

in TlGaS2 : Nd
3. A transition from the s -state of the Nd

atom to the p- and d-states in TlGaS2 : Nd
3 reduces the

density of states for relative energies, both for the
”
spin

up“configuration and for the
”
spin down“ configuration

(Fig. 4, a, b, c).

3.2. Direct current conductivity of TlGaS2 : Nd
3+

(dc-conductivity)

Fig. 5 shows the high-temperature dependence of the

ohmic direct-current conductivity of TlGaS2 : Nd
3+ in lgσdc

coordinates on 103/T . An exponential area with a slope

of 0.1 eV was observed on the dependence of lgσdc
on 103/T in the temperature region of 303−538K. When

temperature decreased, conductivity activation energy did

not have a constant slope.

The low-temperature dependence of conductivity of

TlGaS2 : Nd
3+ was re-plotted in Mott coordinates lgσdc vs.

T−1/4 in the temperature range of 93−188K and is shown

in Fig. 6. As seen from Fig. 6, all the experimental points

fitted well in these coordinates on the straight line. This

dependence lgσdc on T−1/4 indicates than conduction is

performed by charge carrier hops on states lying near the

Fermi level [25]

σ ∼ exp⌊−(T0/T )1/4⌋, (2)

T0 =
16

NFkBa3
, (3)

where kB — Boltzmann constant, a — localization radius,

NF — density of localized states near the Fermi level.

Physics of the Solid State, 2022, Vol. 64, No. 4
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Figure 4. Local partial densities of states (PDOS) for the s -, p- and d-shells of neodymium (a, b, c, respectively) in the TlGaS2 : Nd
3+

compound with a tetrahedral coordination of Nd atom. The dashed line shows the Fermi level; the black line — the spin
”
up“ state; the

red line — the spin
”
down“ state.

From the slope of the low-temperature dependence of

lg σdc on T−1/4 we have determined the value of T0,

which was equal to T0 = 1.7 · 106 K, and we have used for-

mula (3) to estimate the density of states in TlGaS2 : Nd
3+:

NF = 4 · 1019 eV−1 · cm−3. The value a = 14 Å was taken

for the localization radius similarly to TlGaS2 [17] when

estimating NF.
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Figure 5. High-temperature dependence of conductivity of

TlGaS2 : Nd
3+ (0.3mol.% Nd2S3) in the temperature range of

303−538K in Arrhenius coordinates.

0.26 0.30
10–6

T –1/4 –1/4, K

10–5

s
W

d
c

–
1

–
1

,
·
cm

0.28 0.32

Figure 6. Low-temperature conductivity of TlGaS2 : Nd
3+

(0.3mol.% Nd2S3) in the temperature range of 93−188K in Mott

coordinates.

We have also estimated the hop distances R of charge

carriers in TlGaS2 : Nd
3+ at different temperatures

R =
3

8
aT 1/4

0 T−1/4. (4)

For instance, at T = 93K R = 61 Å, while at T = 188K

R = 51 Å, so that the average hop distance in TlGaS2 : Nd
3+

in the temperature region of 93−188K was Rav = 56 Å.

The value of Rav was 4 times larger than the average

Physics of the Solid State, 2022, Vol. 64, No. 4



Electronic, dielectric properties and charge transfer in a TlGaS2 : Nd
3+... 431

distance between the charge carrier localization centers, i.e.

Rav/a = 4.

From the condition [25]:

4π

3
R3 · NF ·

1E
2

= 1 (5)

we estimated the spread of trap states near the Fermi

level: 1E = 68meV. The concentration of deep traps in

TlGaS2 : Nd
3+, estimated using the formula Nt = NF1E , was

Nt = 2.7 · 1018 cm−3.

Temperature dependence of activation energy in the

region of hopping conductivity with a variable hop length

is described by the relation [26]:

1W =
(kBT )3/4

(NF · a3)1/4
. (6)

The average hop activation energy in TlGaS2 : Nd
3+

according to formula (6) was 62meV in the temperature

range of 93−188K.

Thus, hopping conductivity with a variable length of hop

on states, localized near the Fermi level, takes place in

TlGaS2 : Nd
3+ in the temperature region of 93−188K.

3.3. Alternating current conductivity
of TlGaS2 : Nd

3+ (ac-conductivity)

Hopping conductivity in TlGaS2 : Nd
3+ in alternating

electric fields was also studied. Fig. 7 shows the frequency

dependence of ac-conductivity of TlGaS2 : Nd
3+ in the range

of f = 5 · 104−3.5 · 107 Hz at T = 300. It should be

noted that, as compared to TlGaS2 [3], conductivity of

TlGaS2 : Nd
3+ are approximately by an order higher in

the entire frequency range from 5 · 104 to 3.5 · 107 Hz.
Fig. 7 shows that σac conductivity for TlGaS2 : Nd

3+ up to

the frequency f = 2 · 105 Hz little depends on frequency,

while conductivity vs. frequency at higher frequencies up

105 106
10–7

f, Hz

10–6

10–5

s
W

ac
–
1

–
1

,
·
cm

107 108

Figure 7. Frequency-dependent conductivity of TlGaS2 : Nd
3+

(0.3mol.% Nd2S3) at T = 300K.

to 3.5 · 107 Hz is described by a power law σac ∼ f n, where

n = 0.8.

Ac-conductivity of the band type in semiconductors is

known [25] to be chiefly frequency-independent up to

1010−1011 Hz. The observed experimental dependence

σac ∼ f 0.8 in TlGaS2 : Nd
3+ indicates that it is due to

charge carrier hops between the states localized in the band

gap. These can be states localized near the allowed band

edges or states localized located near the Fermi level in

the TlGaS2 : Nd
3+ crystal. In the experimental conditions,

conductivity on states near the Fermi level always prevails

over conductivity on states near the allowed band edges.

The obtained law σac ∼ f 0.8 in TlGaS2 : Nd
3+ crystals

means a hopping mechanism of charge transfer on states

localized in the Fermi level vicinity.

According to [27]:

σac( f ) =
π3

96
e2kBTN2

Fa5 f

[

ln

(

νph

f

)]4

, (7)

where e — electron charge; a = 1/α — localization radius;

α — constant of decrease of the wave function for a

localized charge carrier ψ ∼ e−αr ; νph — phonon frequency.

According to formula (7), ac-conductivity depends on

frequency as f [ln(νph/ f )]4, i.e. at f ≪ νph the quantity

σac is proportional to f 0.8.

We used formula (7) calculate the density of states

at the Fermi level according to the experimentally de-

termined values of σac( f ). The calculated value of NF

for TlGaS2 : Nd
3+ was NF = 2.2 · 1019 eV−1 · cm−3. As

has been shown above, the value of NF obtained by di-

rect current measurements was NF = 4 · 1019 eV−1 · cm−3.

The value of NF in TlGaS2 was by almost an order smaller,

5.9 · 1018 eV−1 · cm−3 [3]:
According to the alternating current hopping conductivity,

the average hop distance (R) is determined using the

following formula

R =
1

2α
ln

(

νph

f

)

. (8)

The value of R calculated using formula (8) for

TlGaS2 : Nd
3+ was 77 Å. The value of R made it possible

to use the formula

τ −1 = νph · exp(−2αR) (9)

to determine the average hop time in TlGaS2 : Nd
3+:

τ = 5.7 · 10−8 s.

3.4. Dielectric properties

We also studied the frequency dependence of dielectric

coefficients for TlGaS2 : Nd
3+: complex permittivity and

tangent of dielectric loss angle ( tnδ). Fig. 8, a, b and Fig. 9

show the experimentally obtained frequency dependences

of the real (ε′) and imaginary (ε′′) parts of complex permit-

tivity and tnδ in TlGaS2 : Nd
3+ at 300K. The dependence
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Figure 8. Frequency dispersion of the real (a) and imagi-

nary (b) parts of complex permittivity of the TlGaS2 : Nd
3+ crystal

(0.3mol.% Nd2S3). T = 300K.
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Figure 9. Frequency dependence of the tangent of dielectric loss

angle in TlGaS2 : Nd
3+ (0.3mol.% Nd2S3) at T = 300K.

tnδ( f ) had a hyperbolic decrease of the tangent of dielectric

loss angle with frequency increase (Fig. 9). This indicates

losses due to electrical conductivity [28] in TlGaS2 : Nd
3+.

4. Conclusion

It has been established that the grown TlGaS2 : Nd
3+

single crystals (0.3mol.% Nd2S3) (a monoclinic structure

with space group C2/c ; a = 10.299 Å, b = 10.284 Å,

c = 15.175 Å, β = 99.603◦) have a high resistivity and

band gap Eg = 2.45 eV at 300K. The DFT-calculations of

the band and electronic structure in the supercell of the

TlGaS2 semiconductor compound with 32 atoms made it

possible to determine the kind of electron density and

agree the calculated values Eg = 2.39 (taking into account

the Hubbard model in a static fluctuation approximation)
and the experimental values of Eg . A comparison of the

band structure of TlGaS2 and TlGaS2 : Nd
3+ single crystals

indicates that the value of compound’s Eg decreases due to

neodymium doping of TlGaS2. A decrease of the band

gap of doped TlGaS2 : Nd
3+ can be associated with the

compensation of the initial electrically active impurity cen-

ters by energy levels of neodymium ions. Doping of the

TlGaS2 : Nd
3+ single crystal gives rise to structural defects

and stimulates the migration of defects existing in the

crystal.

The measurements of the physical properties of

the TlGaS2 : Nd
3+ single crystal (0.3mol.% Nd2S3) at

93−538K and frequencies 5 · 104−3.5 · 107 Hz made it

possible to determine the dielectric characteristics and

their frequency dispersion. It has been found that

dielectric losses are associated with losses of reach-

through conductivity in TlGaS2 : Nd
3+. It has been

found that, direct-current and alternating-current hop-

ping conductivity on states, localized near the Fermi

level, occurs in TlGaS2 : Nd
3+. We have determined

density (NF = 2.2 · 1019−4 · 1019 eV−1 · cm−3) and en-

ergy spread of localized states (1E = 68meV), average

time (τ = 5.7 · 10−8 s), activation energy (1W = 0.62 eV)
and hop distance (R = 56−77 Å), as well as deep

trap concentration (Nt = 2.7 · 1018 cm−3), accountable for

dc- and ac-conductivity in the TlGaS2 : Nd
3+ crystal.
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