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The effect of y-quanta on the anisotropy of GaS layered single crystal, pure and alloyed with 0.1at% Yb, has been studied at a
temperature range of 125-300K. Since the difference between the ionic radius of the Yb-atom and the ionic radius of the component
atoms is relatively small when the studied GaS monocrystal is added with itterbium ions, the additive atom is likely to be located
both inside the layers (replacing the Ga atom or between nodes) and in interlayer space. The location of impurity atoms and radiation
defects in the interlayer region of the layered GaS (Yb) crystal weakens the anisotropic properties of the crystals, and the location
inside the layer strengthens them. The mechanism of current flow in high electric fields follows the Frenkel model, regardless of the
nature of the impurity atom.
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1. INTRODUCTION

Single crystals of gallium sulfide (GaS) have garnered significant attention due to their unique structural and
electronic properties, which render them promising candidates for various applications in optoelectronics, photonics,
and semiconducting devices [1,2]. One of the key characteristics that distinguishes GaS single crystals is their
anisotropic behavior, wherein their physical and electronic properties exhibit directional dependence along different
crystallographic axes [3,4].

The anisotropy of GaS single crystals arises from the anisotropic arrangement of atoms within their crystal lattice,
leading to variations in properties such as electrical conductivity, optical absorption, and mechanical strength along
different crystallographic directions. Understanding and characterizing this anisotropy is crucial for tailoring the material's
properties to specific applications and optimizing device performance.The study of anisotropy in semiconductor materials
plays a crucial role in understanding their electronic, optical, and structural properties, which are fundamental for various
technological applications[5,6]. The investigation of radiation-induced defects and their impact on the anisotropic
properties of semiconductor materials holds significant importance in various fields of science and technology. Yb-doped
GaS single crystals, with their unique electronic and optical properties, are of particular interest for optoelectronic
applications. Understanding the effect of radiation defects on the anisotropy of Yb-doped GasS is crucial for optimizing
their performance in radiation-sensitive devices such as radiation detectors and sensors [1,7-10].

Radiation defects, induced by exposure to ionizing radiation, can lead to the creation of vacancies, interstitials, and
dislocations within the crystal lattice of semiconductor materials [11-14]. These defects can alter the material's electronic
structure, transport properties, and optical characteristics, thereby influencing its anisotropic behavior along different
crystallographic directions. In the case of Yb-doped GaS, the interaction between radiation and the crystal lattice can result
in complex defect configurations, impacting its conductivity, mobility, and optical absorption properties [7,9].

Despite the potential applications of Yb-doped GaS in optoelectronic devices, limited research has been conducted
to investigate the specific effects of radiation defects on its anisotropic behavior. Therefore, a comprehensive
understanding of the interaction between radiation-induced defects and the anisotropy of Yb-doped GasS is essential for
harnessing its full potential in practical applications.

In this study, we aim to explore the effect of radiation defects on the anisotropy of Yb-doped GaS single crystals.
By employing advanced characterization techniques such as X-ray diffraction, photoluminescence spectroscopy, and
electrical conductivity measurements, we seek to elucidate the underlying mechanisms governing the material's
response to ionizing radiation. This research contributes to the fundamental understanding of semiconductor physics
and facilitates the development of radiation-resistant optoelectronic devices with enhanced performance and reliability.

2. EXPERIMENTAL TECHNIQUES
The GaS and Yb doped GaS monocrystal investigated in this study was synthesized using the Bridgman—
Stockbarger method at high temperatures. To ensure purity, the crucible contained materials with high degrees of purity
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for Ga (99.99%), S (99.999%), and Yb (0.1%). The material in the crucible was completely melted in the hot zone at
1360 K of a two-zone Bridgman furnace and then gradually transferred to the cold zone (823 K) at a speed of 1.2 mm/h.
At the outset of synthesis, the furnace temperature was slowly increased to prevent potential explosions due to high
temperatures. Homogenization of the melts was achieved by stirring them at the synthesis temperature through gentle
shaking of the furnace, followed by cooling within the furnace. Subsequently, the resulting polycrystalline samples
were sealed in conical-bottom quartz ampoules under a vacuum of better than 107 Pa.

The crystal structure and lattice parameters were determined through X-ray analysis, revealing dimensions of
a=3.54 A, c=16.6 A [15]. GaS(Yb) single crystal has p-type conductivity and is p ~ 10° Ohm-cm. Indium was used to
make ohmic contact. The electrical properties of GaS and GaS(Yb) samples were studied in the temperature range of
125-300 K, and during the measurement, the electric voltage of the sample was measured using a B7-27A voltmeter.
The current generated in the crystal was recorded using a B7-30 voltmeter-electrometer amplifier.

3. DISCUSSION OF RESULTS

Figure 1 shows the dependence of electrical conductivity anisotropy on temperature (T=125-300K) of initial
(curve-1) and doped with rare earth element ytterbium (Yb) GaS monocrystal (curve-2) and after irradiation (curve-3,4).
It can be seen from the 1st curve in the graph that the on/oL ratio does not change with the increase in temperature in the
interval 125-270 K in the GaS monocrystal, it decreases sharply with the subsequent increase in temperature. The
existence of an interlayer potential barrier in A3Bs type crystals is a fact indicating that the conductivity in the on-
direction is lower than in the o1 - direction (Fig. 1, curve-1). The reduction of the on/cL- ratio in the interval of 270-
300 K occurs as a result of high conductivity in the ol - direction. The stability of the on/cL-ratio in the range of 125-
270 K in the low-temperature region occurs as a result of thermal ionization of shallow energetic levels.

From the temperature dependence of the anisotropy of GaS monocrystal (Yb) (Figure 1, curve-2), it can be seen that
the temperature range (190-210 K) where the maximum value of anisotropy is observed shifts to the lower temperature
side. In the temperature range of 125-160 K, the value of anisotropy decreases depending on the temperature. The value of
anisotropy increases in the next temperature range (160-210 K) and takes the maximum value at 200K.

In the temperature range of 210-300 K,
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Figure 1. Temperature dependence of electrical conductivity anisotropy to the Vyy, energy level.

in GaS and GaS(Yb) monocrystals before and after irradiation The decrease in anisotropy observed in the
125-230 K temperature range in the GaS<Yb> 0.1 at % single crystal (curve-3) irradiated with a dose of Dy = 20 krad is
compared to the non-irradiated doped crystal (curve-1) and in the temperature range of 230-300 K, the anisotropy
increases once again.

As can be seen from the graph, after irradiating the sample, the temperature region (190-210 K) where the
maximum value of anisotropy is observed shifts to the higher temperature side. With further increase in temperature, the
value of anisotropy decreases again in the temperature range of 210-300 K. When GaS(YDb) single crystal is irradiated
with a dose of D, = 50 krad (curve-4, Fig. 1), the value of anisotropy in the temperature range of 125-200 K increases
compared to (curves 1, 2 and 3). As can be seen from (Curve 4), in the temperature range of 125-220 K, the anisotropy
decreases with increasing temperature, and with the subsequent increase in temperature, the anisotropy sharply
increases in the temperature range of 220-230K, and it reaches its maximum value at 230 K. With further increase in
temperature, the anisotropy decreases again.

A 2D (two-dimensional) [16,17] defect model was applied to clarify the results obtained from the temperature
dependence of the anisotropy of the GaS single crystal doped with Yb and exposed to gamma radiation. According to
the two-dimensional defect model, at the junction of the layers, the defects accumulated in the direction perpendicular
to them create a potential barrier.These conditions lead to the formation of a large number of defects between the layers
on the base surface of the GaS single crystal. The resulting defects form a potential barrier for charge carriers in the
direction perpendicular to the layers.

103/T, K1
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The shape of the resulting potential barrier is determined by the degree of loading of defects. In relatively weak
fields, the electrical conductivity in the perpendicular direction to the layers is found by the following equation:

U U U3
oi=om Zexplr + Ag sl )]
A =h/24d%um”, )

on - the electrical conductivity of the sample in the absence of a potential barrier, U - the height of the barrier, & -
Bolsman's constant, d - the width of the barrier. Let's compare the results obtained for GaS(Yb) single crystal with

(curve-1).
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Figure 2. Dependence of the anisotropy of electrical conductivity in GaS(Yb) single crystal at different temperatures on the
irradiation dose

Compared to experimental results (1), the passage of charge carriers through the potential barrier at lower
temperatures (T < 200K) is tunnel-like and therefore weakly dependent on temperature.

In the temperature range of 220-300 K, the compatibility of the tunneling and activation mechanism removes the
potential barrier for charge carriers, and depending on the value of A, different types of properties are revealed in the
on/oL = f(T) curve.

Based on the obtained experimental results, the dependence of on/cL~ f(D) was established at different
temperatures. From the comparison of the graphs, we see that as a result of the thermal ionization of the shallow levels
formed during irradiation at low temperatures, the dependence of ori/cL ~ f(D) increases proportionally, while T = 300K
has an exponential character, and as a result of the donor-acceptor interaction of deep levels, an exponential dependence
is observed.

According to the obtained experimental results, it can be concluded that the high value of the anisotropy of the
electrical conductivity of GaS(Yb) single crystal and their temperature activation dependence are related to the potential
barrier and the accumulation of defects between the layers.

Figure 3, Figures 4 and Figure 5 show the effect of thermal annealing on the conductivity anisotropy in the

GaS(Yb) crystal [(Go-Got)/Go-Okrad) ~ f(t)].

2.0 1023 .
—a— 1-t=15 minutes
151 —=— 1-GaS(Yb), D=50krad, t=15 min 10" A —e— 2-t=30 minutes
5 ’ —e— 2-GaS(Yb), D=50krad, t=30 min —a— 3-t=60 minutes
g —a— 3-GaS(Yb), D=50krad, t=60 min
?3 1,0 5 1 0°4
° © 3
. 0,5 o
f 10" P 2,
6 0,01 .y 1
-0,51
. . . . ) 1073 . : ; T )
3 4 5 6 7 8 3 4 5 6 7 8
103/T, K-1 103, K1

Figure 3. Temperature dependence of the (Go/6t.a)/(Go/Orad) ratio  Figure 4. Temperature dependence of (6o)/(Okrad) ratio of
for D = 50 rad of thermally annealed GaS(Yb) single crystal at GaS(Yb) single crystal thermally annealed at different times
different times (15 min, 30 min, 60 min). (15 min, 30 min, 60 min) for D =50 krad:

6o — GaS(Yb) — D = 0, okrad — GaS(Yb) — D = 50 krad 6o — GaS(Yb) — D = 0; okrad — GaS(Yb) — D = 50 krad

ota— GaS(Yb), D = 50 krad, thermal annealing

at different times
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It can be seen from Figure 3 that the ratio (6o-Got)/ Go-Okrad) depends on the brewing time and consists of 4 stages.
In the Ist stage, defects are settled; In the 2nd stage, the conductivity increases due to the recombination of defects, in
the 3rd stage, the conductivity decreases due to the dissociation of complex defects [Vga Ybi], and in the 4th stage, the
conductivity changes weakly due to the stabilization of defects.

From the obtained results, it can be seen that the restoration of the value of electrical conductivity is complex, as
the dependence varies depending on the nature and character of the defects created during exposure to ionizing rays.
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Figure 5. Dependence of the ratio (co)/(ckrad) of the thermally annealed GaS(YDb) single crystal at T=110 K and 300 K for
D = 50krad on the thermal annealing time. 6o — GaS(Yb) — D = 0; okrad — GaS(Yb) — D = 50krad

CONCLUSIONS

It was found that partial filling of Vg, occurs in GaS(YDb) crystal before irradiation. During irradiation, the
arrangement of defects, formation of VS and complexes is observed. At high radiation doses, dissociation of complex
defects occurs. During thermal annealing, the annealing process takes place in different stages depending on the rest
energy of the defects. This can be explained by the fact that at the initial stage of annealing (t = 15 minutes), the amount
of donor-type radiation defects is greater than the concentration of acceptor-type defects. At this stage, regrouping of
defects occurs in the annealing process. During the subsequent period of brewing (15 min <t < 60min), the
concentration of charge carriers increases, but the initial parameters of the sample are not restored, which is related to
the formation of complex complexes in the process of reassembly of defects [Vs and Vga].
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BILIMB JIOMIIIOK TA PAJIALIIAHAX JTEP@EKTIB HA AHI3OTPOIIIIO MOHOKPUCTAJIA GaS, IETOBAHOI'O Yb
P.C. Maparos®?, T.B. Taries?, A.IIl. Xauirzage?, P.M. Mamimona®®
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bKageopa npuxnaouoi ma sazcanvnoi gizuxu, Hayionanena axademis asiayii, Baxy, Azepbaiiocan
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Jlocui/pKeHO BIUIMB Y-KBAaHTIB Ha aHI30TpOMI0 IapyBaroro MoHokpucrana GaS, ynuctoro ta nerosanoro 0,1 at.% YDb, B mianma3oni
temmneparyp 125-300 K. Ockinbku pi3HHISL MK iOHHMM pajiycoM aromMa Yb Ta iOHHUM pajiycoM aTOMiB KOMIIOHEHTa BiJJHOCHO
HEBEJMKa, KOJIK JOCIiKyBaHHH MOHOKpucTan GaS noaaersest 3 ioHamu iTepOiro, aANTUBHUN aToM, HMOBIpHO, Oy/e po3TalioBaHuit
BcepeauHi mapiB (3amiHiooun Ga aroM abo MiX BY3JTaMH) i B MDKIIApOBOMY IpocTopi. Po3TamryBaHHS IOMIIIKOBHX aTOMIB i
pazianiifHux medexTiB y MiKIIapoBiii o6xacti mapyBatoro kpucrana GaS (Yb) mociabiioe aHI30TPOIHI BIACTUBOCTI KPUCTAINIB, a
pO3TalTlyBaHHS BCEPEAMHI MIapy MOCHIIOE iX. MexaHi3M NpOTIKaHHSA CTPYMY B CWJIBHHMX €JIEKTPHYHHX IIOJISIX BIITIOBiZAae Mopeni
ODpenkenst, He3aIeXXHO BiJ] IPUPOIN aTOMa JOMIIIKH.
KurwuoBi cnoBa: anizomponis; degpexmu,; OOMIWKOBUL AMOM, eNeKMPONPOSIOHICMb, AKIMUBAYIS, MEPMIYHULL IONA



