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Abstract: In the paper it is studied the influence of gamma irradiation and annealing on optic properties of
gallium sulfide in IR spectrum range (wavenumber of 4000-400 cm™). Comparative analysis of IR spectra
of original, y-irradiated and annealed samples of gallium sulfide shows that, change in temperature,
annealing condition and selection of y-irradiation (140 krad) leads to modification of the structure. The
obtained data suggest that the effect of radiational change in IR absorption occurs as a result of defect
reconstruction in band gap of the crystal and concentration of photosensitivity centers and their hole
filling.
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1. Introduction

Layered single crystals GaS are promising materials for detectors of various radiations, as
well as for photovoltaic devices. The most important, interesting and main area of their
application is manufacture of X-ray and gamma radiation detectors, working at room
temperature, based on them [1,5].

Combination of high sensitivity in a wide range with high resistance of gallium sulfide to
radiation can be used for creating photoelectric detectors, operating at increased radiation
conditions, and high sensitivity to flow of electron and gamma rays will allow using them as a
radiation detector at room temperature. Also, application of IR-spectroscopy enables to
determine directly the position and shape of intrinsic absorption edge of GaS and its shift under
the influence of different types of irradiation.

In the paper it is studied the influence of gamma irradiation and annealing on optic
properties of gallium sulfide in IR spectrum range [1,2].

2. Preparation of samples and experimental technique

The studied p-GaS materials were grown by Bridgman technique. When growing Gas it
was used excess of sulfur (0,5%) in order to reveal the possibility of filling vacancies with sulfur
atoms. Resistivity of the samples obtained along and perpendicular axis “C” at room temperature
was 3-10° and 2:10"° ohm-cm, respectively. Band gap width determined by the length of wave
decay of photocurrent, was 2,52 eV which coincided with literary data [3,4]. Irradiation of the
samples by y-quanta was carried out on unit Co®®. While being irradiated the crystals were
cooled in liquid nitrogen stream and their temperature did not exceed 290K. The samples were
annealed at temperatures 400K-493K for 60-90 minutes in a muffle furnace in quartz ampoules
pre-annealed vacuumed to a residual pressure 102-10° Pa. The annealing temperature was
controlled with an accuracy of = 1 K. The samples were held at the given temperature for 60-90
minutes. Fourier-IR absorption spectra of original, annealed and y-irradiated GaS samples were
recorded on Varian 640 FT-IR spectrometer at room temperature in the wavenumber of 4000-

400 cm™.
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3. Results and discussion

In the irradiated samples of p-GaS the photosensitivity changes slightly at small
irradiation doses (up to 10 krad), that is due to high density of structural defects in original
crystals. With increasing of gamma-irradiation dose up to 150 krad the photosensitivity of the
samples increased but in the case of more than 150 krad it decreased.

Absorption bands registered in IR spectra are conditioned by transitions of vibrational
energy levels in molecules of substance. Bands’ position in IR spectrum is determined mainly by
the type of connection and mass of vibrating groups; the stronger connection and less mass of
atoms, the higher absorption frequency of the connection. Vibrations of bound atoms in
molecules are divided into 2 main ones: valence and deformation. At valence vibrations the
connections between atoms change and at deformation ones mainly bond angles.

After y-irradiation (D=140 krad, at temperature no more than T=290K) there occurs some
changes in IR spectrum of GaS, associated with the occurrence of radiation-stimulated defect
formation, mainly in gallium sublattice [1,2].

Annealing (at temperature 100°C for 1 hour in vacuum) of all irradiated samples leads to
recovery and improves the original optical properties of the crystals.

In figure 1 (curves a-f) it is shown Fourier IR-absorption spectra of original (a), y-
irradiated at 140 krad dose (b) and annealing in vacuum (c) and in air (d,e,f) gallium sulfide
samples (GaS) at various temperatures.

As it is seen from figure la the absorption spectra of original GaS samples are
characterized by the presence of absorption bands in lattice phonon region 700-400 cm™ with
frequencies 669, 635, 602, 480 and 425. The bands apparently are longitudinal and transverse
vibrations of linkages Ga-S, S-Ga-S and S-S. In addition, a very broad absorption band becomes
apparent in spectrum with a center of gravity at 1025 cm™ which has a fine structure consisting
of a set of narrow bands. The broad band is perhaps conditioned by the presence of defect states
associated with growing conditions. It is not excluded that the above-mentioned area is also an
integral part of the phonon and interlayer vibrations.
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Fig. 1a. IR absorption spectrum of original single crystal GaS

Irradiation of GaS samples by y-quanta at 140 krad dose is accompanied by the change in
absorption spectra (fig. 1 b); as the intensities of absorption bands in the region of phonon lattice
vibrations are redistributed; intensity of bands at 427 cm™ relative bands 635 cm™ increases ~2,3

times. In this case the broad band with a center of gravity 1025cm™ virtually disappears from the
spectrum that indicates the change in structural defect states as a result of break in oxygen bonds.
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Fig. 1b. IR absorption spectrum of single crystal Gas after irradiation (140 krad)

Annealing of the samples in vacuum (fig. 1c) and (fig. 1d) at temperature 100 °C leads to
decrease, but annealing in air leads to increase in broad band within the range of 800-1400cm™
with a maximum at 1025cm™. In this regard, the ratio of intensities 427 and 635cm™ changes ~
1,5 times. It should be mentioned that the increase in absorption of defect states within annealing
in air is due to formation of linkages Ga-O and S-O.
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Fig. 1c. IR absorption spectrum of single crystal GaS after consequently 140 krad irradiation and
annealing in vacuum (100 °C, 1 hour)
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Fig 1d. IR absorption spectrum of single crystal GaS after consequently 140 krad irradiation and
annealing in vacuum (100 °C, 1 hour) and open air (100 °C, 1 hour)
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The most interesting results were obtained at sequential annealing of GaS samples at
temperatures 150 °C and 200 °C for 1 hour. As it is seen from figure 1 (curve f) thermal
treatment of the samples leads to change in bands 635 cm™, contraction and decrease in its
intensity with respect to band 427cm™. In this case the area of defect states 800-1400 cm™
disappears as a result of their healing during diffusion and implantation of oxygen atoms in the
volume of crystal lattice. In these conditions the spectral area becomes transparent.
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Fig. le. IR absorption spectrum of single crystal GaS after consequently 140 krad irradiation and
annealing in vacuum (100 °C, 1 hour), open air (100 °C, 1 hour), open air (130 °C, 1 hour) and open air
(150 °C, 1 hour)

210 20 an

",

SHELETEE 1N RN

F
BINBIE B1 BOLIE 1208 N
= ! )

LA ]

..................................................................................
i ram nuao (L1t 15m 1 HO = m nim i mu an (LH11) v Hu HEU
Wnienumie |

Fig. 1f. IR absorption spectrum of single crystal GasS after consequently 140 krad irradiation and
annealing in vacuum (100 °C, 1 hour), open air (100 °C, 1 hour), open air (130 °C, 1 hour) and open air
(200 °C, 1 hour)

Thus, comparative analysis of IR spectra of original, y-irradiated and annealed samples of
gallium sulfide shows that, change in temperature, annealing condition and selection of y-
irradiation (140 krad) leads to modification of the structure.

The data for GaS samples are proof of a significant transformation of defects of the
structure in crystals at thermal treatment, which is also confirmed by measurements of IR
absorption spectra. Thus, it can be concluded that the annealing after y-irradiation of single
crystal GaS causes a considerable complementary absorption within 595-600cm™, whereas
within 1400-2000 cm™ their IR spectra change little at used irradiation modes up to 150 krad.
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The obtained data suggest that the effect of radiational change in IR absorption occurs as
a result of defect reconstruction in band gap of the crystal and concentration of photosensitivity
centers and their hole filling [4].
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BJIMAHUE y-OBJIYYEHUSA U OTKUT'A HA ®P UK —-CIIEKTPbBI IOTJIOLIEHUA
CJOUCTBIX KPUCTAJIJIOB GaS

H.M. I'yceiinos, H.H. I'axzxkuesa, ®@.I'. Acagos

Peziome: B nannoii pabore ucciae0BaHO BIMSHUE TaMMa OOJy4YeHHs M OT)KHUI'a Ha ONTUYECKUE CBOMCTBA
cynbpuna Tamiks B MHbPAKpacHo# obmacth crektpa (B oGmacTd BomHOBBIX umcen 4000-400 cm™).
CpaBuutenbHblil aHann3 WMK-CIeKTpoB MCXOIHBIX, Y-OOMYYEHHBIX M OTOXOKEHHBIX 00pa3LoOB Cynbpuaa
rajutis MOKa3bIBAeT, YTO U3MEHEHHE TEeMIIEPATyp B YCJIOBUS OT)KMra W BbIOOpa 103kl Y-00mydeHus (140
KpaJl) PUBOAUT K MOAUGDUKAIMIO CTPYKTYpHI. [loTyueHHbIe JaHHBIE MO3BOJISIIOT CAENATh BBIBOJ O TOM,
yro 3¢ ¢exT pamuanuonHoro umeHenuss MK moriomenuss oOycioBIEeH Kak pe3ylbTaT IEpPecTPOUKU
nedeKkToB B 3alpenieHHON 30He KpHCTa/la M KOHLIEHTPALUUU LEHTPOB (OTOUYBCTBUTEIBHOCTH, TaK M UX
JBIPOYHOTO 3aIIOJTHEHHUSL.

Kniouesuvie cnosa’ monokpucram, orxur, K criektp, y-o0mydeHms.

7-SUALANMANIN VO DOMLOMONIN GaS LAYLI KRISTALIN FR iQ
SPEKTRLORINO TOSIRI

N.I. Hiiseynov, N.N. Haciyeva, F.G. 9sadov
Xiilasa: Qamma siialanmanin va domlomoanin Qalium Sulfid monokristallarinin infragirmizi oblastda
optik xassalorina tasiri todgiq edilmisdir. ilkin, y-siialanmis va demlomoanin miigayiseli IQ optik udulma

spektrlorin analizindan malum olmusdur ki, y stialanma bu kristalda struktur doyisikliklor yaradir.

Acar sézlar: GaS, monokristal, domlomo, 1K spektr, y-siialanma.
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