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The photoconductivity (PC) of TIGaS, single crystal doped with Nd** ions is studied. At
low electric fields (E< 70° V/icm) and low Nd** concentrations (x=0.001) the PC spectrum has
only one maximum at 2.9 eV and its red boundary corresponds to 2.61 eV which coincides with
the band gap . At high electric fields (£< 70°-10" V/cm) , besides the | maximum, the second
maximum with Av,=2.65eV appears in the PC spectrum for all the compositions with 0<x<
0.003. The nature of PC on the base of impurity model is discussed.
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TIGaS; is a semiconductor with an indirect band-gap of about 2,46 and
2,55 eV at 300 and 10K respectively[1]. A high photosensitivity in the visible
range of spectra makes this crystal useful for optoelectronics[2]. For possible
applications in optoelectronic devices in this range much attention has been
devoted to the study of the optical and electrical properties of TIGaS; [3-5]. In
this regard, detailed information on the presence of the impurity and defect
centers in the crystal is important. TIGaS, is strongly anisotropic semiconduc-
tor where the conductivity in the layer is of several orders of magnitude higher
than that normal to the layer. The electronic energy-band structure of this crys-
tal recently has been calculated [6].

In the present report .the results of studying the photoconductivity (PC)
spectrum of [TIGaS;]1x[Nd2S2]« single crystals (where x=0.001; 0.002; 0.003)
at energies of 0.8-3eV and temperatures from 77 to 300 K are discussed The
[TIGaS;]1.x[Nd2S2]« crystals (x=0.001; 0.002; 0.003) have been grown by the
Bridgman-Stockbarger method/4/. In the above method the Nd impurities enter
into TIGaS; as the Nd** ion [7]. The PC spectrum for TIGa$S crystals with dif-
ferent Nd** ion concentration (the maximum of Nd,S; concentration is
~10"* cm?at 77 K is shown in Fig. 1.

At low electric fields E<10° V/cm and low Nd** concentrations (x=0.001)
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the PC spectrum has only one maximum at 2.9 eV (I maximum) and its red
boundary corresponds to 2.61 eV which coincides with the band gap [8,9]. For
the composition with x=0.003 the PC spectrum and its maximum towards the
long-wavelength region (Fig. 1, curve 3).
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Fig.1. The photocurrent spectrum of [TIGaS,]1.x[Nd,S,]« single crystals at 77 K at the value
of E=10? V/em, (x: 1-0; 2-0.001; 3-0.003).

The PC spectrum of the basic compounds TIGaS; at low electric fields
has the two maxima at 4v,=2.8eV and hv,=2.65eV coinciding with the PC
spectrum maxima of the composition with x=0.003.

At high electric fields (E<10°-10* V/cm) besides the | maximum, the
second maximum with hv,=2.65eV appears in the PC spectrum for all the
compositions with 0<x< 0.003. With increasing x in the PC spectrum the im-
purity fraction also increases.

The PC spectrum of TIGaS, widens to long-wavelength region and a
sharp decrease of PC at 1.5 eV followed by its growth is observed (Fig. 2,
curve 1).

At 300K PC spectrum of [TIGaS;]1x[Nd2S2]« crystals 0<x< 0.003 has
an impurity region similar to that of TIGaS,. The photosensitivity of the com-
position with x=0.003 in the short-wavelength region increases by two orders,
the PC spectrum maxima correspond to 4v;=2.8eV and hv,=2.65eV.

The observed values of TIGaS, photoconductivity spectrum maxima at
77 K coincide with their values obtained in [5,6]. The analysis of the obtained
results shows that the first maximum at (4v1=2.8eV) is attributed to direct
band-band transitions, while the second maxima is close to the energy of the
exciton absorption [5,6]. The observed wide band of the PC spectrum confirms
the existence of a large amount of impurity levels in the TIGaS, band gap [2]
behaving as the acceptor levels and forming wide impurity band.
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As seen in Fig. 1 at x=0.001 the photosensitivity of the crystal doped by
Nd** is less as compared to that of the basic crystal. For this composition in the
PC spectrum maximum corresponds to energies of the direct transitions (band-
band transition) in TIGaS,. and the second maximum attributed to the exciton
absorption disappears (Fig. 1, curve 2). The decrease of photocurrent and a dis-
appearing of second maximum of the PC spectrum is following by strengthen-
ing the maximum in the absorption spectrum /1,2/ that indicates the perfection
of the crystal (“cleaning” from impurities, its strengthening) at initial doping by
Nd** ions. The coincidence of a red boundary of the PC spectrum at initial dop-
ing by Nd** ions with the TIGaS; band gap confirms the above-mentioned. The
further increase of Nd** concentration (x=0.002) is accompanied by photocur-
rent increase and the occurrence of the of the impurity photoconductivity. In
the case, the intensity of exciton absorption line decreases that confirms the
increase of crystal defects and hence, the destruction of free excitons or the
formation of the bounded excitons [1, 2].
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Fig.2. The photocurrent spectrum of TIGaS, single crystals at 77 K at the value, of
E=10" V/cm (x: 1-0; 2-0.001; 3-0.002; 4-0.003).

The PC spectrum at 300 K (Fig. 3) also confirms the exciton nature of the
second maximum. At x=0.001 and x=0.002 the photosensitivity in the above
maximum region is lower than that of the basic crystal (the increase of the ex-
citon line), while at x=0.003 the photosensitivity increases by 1-1.5 orders due
to exciton decay. With increase of applied electric field the second maximum
attributed to the exciton absorption appears again and it increases as the x value
grows (Fig. 2). The comparison of the PC spectrum of the composition with
x=0.003 at high electric fields with that of the basic crystal at low fields shows
that in the energy region of 1.6-3.0 eV they are identical. A lack of impurity
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band in the PC spectrum 0.8-1.6 eV in crystals doped shows that when doping
by the Nd** ions, “ the cleaning” of the crystal mainly takes place due to the
fact that the deeper impurity levels enter into the complex with Nd** ions and
are not involved into the PC process at low temperatures and fields. Only
above a certain value of electric fields and temperatures the above impurities
become electrically active.
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Fig.3. The photocurrent spectrum of TIGaS,]14[Nd,S,] single crystals at 300 K at the value of E=10?

V/em, (x: 1-0; 2-0.001; 3-0.003; 4-0.003).

According to the above given quantitative model, the impurity model, the

impurity levels responsible for impurity bands and for forming a complex with
rare-earth ions cannot take part in recombination processes at low tempera-
tures. That is why, as expected we do not observe impurity luminescence nor
impurity photoconductivity and dark conductivity.
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Gd™IONLARI iLO ASQARLANMIS TIGaS, LAYLI YARIMKECiRiCiSiNiN
FOTOKECIRICILiYININ OZOLLIKLORI

M.X.OLIYEVA, S.X.AGAYEVA, T.H.ISMAYILOV
XULASO

Gd*® ionlar ilo asqarlanmuis TIGaS, layli yarimkegiricisinin fotokegiriciliyi todgiq
olunmusdur. Zoif elektrik saholorinds (E< 10° V/sm) vo Nd* ionlarmn kigik
konsentrasiyalarinda (x=0.001) fotokegiriciliyin (FK) spektrinds isiqlandirma enerjisinin 2,9
eV qiymotinds yalniz bir maksimum moévcuddur. Bu maksimumun qirmizi sorhadi iso 2,61 eV
enerjiys tosadiif edir ki, bu da TIGaS,-nin qadagan zolagmimn eni ilo Ust-Usto diigiir. Giiclii
elektrik sahalorindo (E< 10°-10* V/sm) I maksimumdan slava, x-in 0<x< 0.003 intervalindaki
biitiin qiymatlorinds 4v,=2.65 eV enerjisina uygun ikinci maksimum da meydana ¢ixir. FK-in
tobiotini izah edon model toklif olunur.

Acar sozlar: fotokegiricilik, TIGaS,

OCOBEHHOCTH ®OTOIMPOBOANMOCTH CJIOUCTOI'O
MOJIYIIPOBOJHHUKA TIGaS, JETHPOBAHHOI'O MOHAMM Gd*?

M. X.AJIMEBA, C.X.ATAEBA, TT.UCMANJIOB
PE3IOME

Hccnenoana (oTonpoBoAnMOCTs MOHOKpHcTaia 11GaS, nerupoBaHHOrO HOHAMH
Gd*?. ITpu oTHOCHTENBbHO c1abbIX dnmekTpuueckux momax (E< 10° B/CM) U MaJbIX KOHIEHTpA-
musax nonos Nd** (x=0.001) B crektpe poTonposomumoctu (DIT) HMeeTCs TOTBKO OHH MaK-
CHUMYM, IIpU PHEPTUH ocBelieHus 2.9 3B, a ero kpacHas TpaHHIla COOTBETCTBYET 3Hepruu 2,61
5B, 4TO coBHajaeT ¢ MIMPHHOW 3aIpelIeHHOW 30HBI. B CHIIBHBIX 3yieKTpHueckux moysix (E<
10°-10* B/cm), kpome | makcumyma B cmextpe PII, mOSIBIsSETCS BTOPOH MAKCHMyM IpH
hv,=2.65 3B, 9TO MMeeT MecTo I Bcex 3HadeHmi x B mHTepBae 0<x< 0.003. IIpemnoxena
MOJIETIb 17151 0OBSICHEHNS TIPUPOABI (POTONPOBOANMOCTH.
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