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Abstract: For the first time, information on the surface relief of undoped GaS and doped GaS:Yb single
crystals subjected to gamma irradiation was obtained using atomic force microscopy (AFM). It was found
that GaS is characterized by a non-uniform distribution of irregularities with different heights and
periodicities, and when doping crystals with Yb atoms, the distribution of irregularities becomes more
orderly, the height and periodicity of irregularities decreases. Irradiation with gamma-quanta of GaS at
doses of @, <140krad and doping with Yb atoms lead to rearrangement of defects, resulting in a decrease
in a single free volume of irregularities, and in doses above ®,> 140 krad increase single crystals are the
most radiation-resistant.
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1. Introduction

Layered A®B® semiconductors, in particular, gallium sulfide single crystals (GaS) are
promising materials for radiation detectors of various types. Based on these single crystals,
radiation detectors of gamma quanta operating at room temperature [1] are fabricated. The
increased interest in these compounds is due to the anisotropy of their crystalline structure,
which allows obtaining perfect faces with a sufficiently low density of surface states, which is
important for obtaining high-quality heterojunctions.

One of the effective methods for modifying the surface of layered gallium sulfide single
crystals is to irradiate it with y-quanta [2-6]. The depth of penetration of gamma-quanta is
comparable to the value of the inverse light absorption coefficient (~ 102 nm), which leads to the
desorption of gases from the surface and recharging the surface-active centers. This factor is
decisive in many processes occurring near the surface of the crystal. Therefore, studying the
effect of external influences, including gamma radiation, on the edge photoconductivity (EP) of a
defective semiconductor, one can establish the role of surface heterogeneity and roughness
during its formation [4]. The most informative method for studying the surface of
semiconductors is the method of atomic force microscopy (AFM) [7,8].

Based on these considerations, the present work presents the results of the microscopic
(AFM) study of changes in the surface relief of gamma-irradiated layered GaS and GaS:Yb
single crystals.

2. Experimental technique
Single crystals of p-GaS were grown by the method of directional solidification of the

melt (the vertical version of the Bridgman method). When growing GaS, an excess of sulfur
(1.5%) was used to determine the possibility of filling vacancies with sulfur atoms. The
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resistivity of the samples obtained along with and perpendicular to the C axis at room
temperature was 3 x 107 and 2 x 10° Om-sm, respectively. The doping of Yb was carried out in
the process of crystal growth, and the concentration of Yb in crystals was Nyp, ~ 10 sm™,
Indium, which was smelted on the surface of gallium sulfide at a temperature of 150°C, was used
as the ohmic contact.

Microstructural and X-ray phase analyzes showed that the obtained crystals were
homogeneous and did not contain crystalline inclusions [2, 3].

Microscopic studies of the surface relief of the initial gamma-irradiated GaS and GaS:Yb
samples were carried out with an atomic force microscope (AFM). For this purpose, two-
dimensional (2d) and three-dimensional (3d) surface AFM images were obtained, as well as
histograms (distribution curves of surface images on the size of irregularities) in the horizontal
and vertical directions of the selected section (100x100 nm).

Samples were irradiated with y-quanta from a ®°Co source at room temperature with a
dose rate d ®,/dt = 15.66 rad / s. In this case, the absorbed dose was ®, = 30-200 krad. The
samples were irradiated with doses of 30,50,100,140 and 200 krad [9].

3. Results and its discussion

Changes in the surface relief of layered GaS and GaS:Yb single crystals caused by y-
quanta were also traced by the microscopic (AFM) method. As an example, Fig. 1 shows three-
dimensional (d) images of the surface of the original (Fig.1a and 1b) and vy-irradiated with
140rad (Fig. 1c, 1d) samples of GaS and GaS:Yb, respectively. Comparison of the surfaces of
the initial single crystals shows that if the surface of gallium sulfide is characterized by the
presence of sub-roughness and heterogeneity, the introduction of ytterbium impurity into the
GaS structure leads to smoothing and uniformity of its surface. In this case, the depth of
irregularities in the case of GaS:Yb increases by a factor of ~ 5 (from 8 to 40 nm) compared to
GasS. Irradiation of GaS and GaS:Yb single crystals with a dose of 140 krad is accompanied by a
change in the surface state of these samples. After irradiation with y-rays with a dose of 140
krad, the surface state of GaS deteriorates significantly, while minor changes occur on the
GaS:Yb surface. Annealing the samples at a temperature of t = 100°C for 1 hour partially
restores the surface of the irradiated samples. It should be noted that the analysis of 3d images of
surfaces of y-irradiated GaS and GaS:Yb samples with doses of 30,50,100,140 and 200 krad
allows us to conclude that the boundary values of the dose of surface changes are 50 and 140
krad, respectively.

[

Fig.1. Three-dimensional images of the surface of the original (a, b) and j~irradiated dose with of 140
krad (c, d) of GasS (a, ¢) and GaS:Yb (b, d) single crystals.
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Figures 2 and 3 show the histograms of 2d images (curves of the distribution of surface
images by the size of irregularities) in the horizontal and vertical directions of the selected
section (100x100 nm). As can be seen from the histograms, the GaS single-crystal is
characterized by an uneven distribution of irregularities, both in the horizontal and in the vertical
directions with different heights of ~ (30-40 nm) and a frequency of ~ 16 nm (Fig. 1a and b).
GasS:Yb single crystal histograms show a uniform distribution of irregularities in both horizontal
and vertical directions with the same height of ~ 25 nm and a frequency of ~ 13 nm (Fig.2a and
b). Irradiation with a dose of 140 krad of these samples leads to a strong (Fig.2 c, d) and minor
(Fig. 2c, d) changes in histograms for GaS and GaS:Yb, respectively.

h, nm

-

o a
&

-~ b
-

[ | c
-

e d

0 10 20 30 40 50 60 70 80 90 100

nm

Fig. 2. Histograms of 2d images of the initial (a, b) and j~irradiated doses of 140 krad (c, d) of GaS
single crystals in horizontal (a, c) and vertical (b, d) directions.
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Fig. 3. Histograms of 2d images of the initial (a, b) and the j~irradiated dose of 140 krad (c, d) GaS: Yb
single crystals in the horizontal (a, c) and vertical (b, d) directions.
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Considering the sub-roughness profile in the framework of multifractal analysis, we can
assume that it has the invariance property when the same unit free volume (straight cone of
height h and diameter d) is continuously repeated over the entire area.

The dose dependence of a single free volume of irregularities (a single average volume of
a relief-forming cone), which is shown in Fig. 4, was studied. The dependence is exponential:
V=A*e® (V is a single average volume of a relief-forming cone, A is a single crystal constant, k
is an absorption coefficient, x is the degree of irradiation). As can be seen from fig. 4, with an
increase in the y-irradiation dose to 140 krad, the value of a single average volume of the relief-
forming cone V decreases by ~ 2.5-5 times (from 6000 and 5500 to 2500 and 1000 nm?) for GaS
and GaS: Yb, respectively.
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Fig.4. Dose dependences of the free volume of irregularities in GaS (1) and Gas: Yb (2) single crystals.
4. Conclusion

The surface relief of undoped GaS and doped GaS: Yb single crystals subjected to
gamma irradiation was studied by atomic force microscopy (AFM). It was found that GaS is
characterized by an uneven distribution of irregularities with different heights ~ (30-40 nm) and
a frequency of ~ 16 nm subjected to gamma irradiation. When doping crystals with Yb atoms,
the distribution of irregularities become more orderly, the height is ~ 25 nm, and the periodicity
of ~ 13 nm irregularities decrease. Irradiation with GaS gamma quanta at doses of @, <140krad
and doping with Yb atoms lead to rearrangement of defects, resulting in a decrease in a single
free volume of irregularities, and doses above ®,> 140 krad an increase occurs. The use of a
single average volume of a relief-forming cone was introduced as a characteristic of the
development of the surface of layered crystals. Regression dependencies of the effect of the
degree of irradiation on a single average volume of the relief-forming cone are proposed,
expressed in the exponential form V = A * e A correlation was established between the
distribution profile of a single free volume of irregularities (a single average volume of a relief-
forming cone), obtained by AFM the radiation resistance of layered GaS: Yb single crystals.
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ACM-MUKPOCKOIIUA MNIOBEPXHOCTU TAMMA-OBJYYEHHbBIX CJIOUCTBIX
MOHOKPUCTAJUIOB GaS " GaS:Yb

d.I'. Acagos

Pe3rome: BrepBbie MeTomamu aTOMHO-cuiioBoil mukpockormnu (ACM) m UK-®Dyppe cnexTpockonun
nojgydyeHa wuHGpopMaius o0 peibede IMOBEPXHOCTH HEJIerupoBaHHBIX (GaS M JerHpOBaHHBIX
MoHokpucTawioB GaS:Yb, noaBeprayThix raMmma-o0ydeHn0. Y cTaHOBIeHO, 4To it GaS xapakTepHO
HEpaBHOMEPHOE pacIpelieJieHne HEPOBHOCTEH C pa3iWYHON BBICOTOW W TMEPHOAMYHOCTBIO, a MpPHU
JIETHPOBAaHWHM KPUCTAUIOB artomMamu YD pacnpenenenne HEPOBHOCTEH yIOPSIOYHMTCS, BbICOTA U
NEepUOJUYHOCTh HepoBHOCcTeH ymenbliaercs. B HK-®ypbe crnekrpax HaOmogaroTcs H3MEHEHHS
K09 GHUIHEHTOB OTPAKCHUS TOBEPXHOCTH MOHOKpHcTauioB GaS u GaS:Yb B 3aBucuMMocTH OT 03B
ramma-oonydenus: (®,=30-200 kpag) ¥ Ha OCHOBE 3TUX M3MEHEHHH YCTaHOBJICHO, YTO JIETHPOBaHHEIC
MOHOKPHUCTAJITBI SIBJISFOTCS 00JIee paAHAIlIOHHO -CTOMKIMHU.

Knrouesvie cnoea:. crnoucteie monokpuctamwisl GaS m GaS:Yb, pemsed, y-obiyueHne, mMOBEPXHOCTH,
CIIEKTPHI oTpakeHus, AedekT, ACM-MUKPOCKOTIHS
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QAMMA SUALARLA SUALANDIRILMIS GaS V8 GaS:Yb LAYLI
MONOKRISTALLARININ SOTHININ AQM MiIKROSKOPIYASI

F.Q. Osadov

Xiilasa: 11k dofa olaraq atom-qiivve mikroskopu (AQM) vo Furye-iQ-spektroskopiya metodu ilo gamma
stalanmis GaS vo legiro olunmus GaS:Yb monokristallarinin soth relyefi haqqinda informasiya
almmugdir. Milayyon edilmigdir ki, GaS {i¢iin sothin miixtalif hiindiirliiklii va periodiklikli geyri-barabar
paylanmasi, kristallarin YB atomlar ilo legirs olduqda ise qeyri-barabarliklorin paylanmasi nizamlanir,
hiindiirliik vo periodiklik iso azalir. Furye-IQ spektrlordo gamma siialanmanin dozasindan asili olaraq
(®,=30-200 krad) GaS va GaS:YDb atomlarimin sothinin sksolma amsallarinda doyisiklik miisahids olunur
vo bunun esasinda miioyyon olunmusdur ki, legiro olunmus monokristallar radiasiyaya daha cox
davamlidir.

Acar sozlor: GaS vo GaS:Yb layli monokristallari, relyef, gamma-giialanma, soth, oksolma spektrlari,
defekt, AQM-mikroskopiya
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