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In first time it is experimentally investigated some regularities of long-term relaxation of photo-
conductivity of gadolinium one-and-halp sulfides thin films doped by cadmium atoms. Was calculated
maximum of recombination barrier and found the location of trapping levels in the gap.
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Briepmie excriepuMeHTaIbHO TOCHTIDKEeH] AesiKi 3aKOHOMIPHOCTI IOBTOCTPOKOBOI penakcaiiii ¢poTo-
MPOBIAHOCTI THUTIBOK IOy TOPHOTO CYNb(i Ty TaoNiHis, AKi JIeroBaHi aToMaM¥ KaaMito. Po3paxoBaHo
MaKCHMallbHe 3HaYeHHsS PEKOMOiHAIiitHOTO 6ap’€py Ta BCTAHOBJICHO PO3TAIyBAHHS PiBHIB MPHIIH-
MaHHS B 3200pOHEHiH 30Hi.

Kuarouosi ciioBa: mniBka, cynbdia, GoTonpoBigHICTh, penakcaiis, akimenrtop, 6ap’ep.

Bnepsrie sKkCIepUMEHTAIBHO UCCIEAOBAHBI HEKOTOPBIE 3aKOHOMEPHOCTH JOITOBPEMEHHOM peak-
canuu (hOTOMPOBOAMMOCTH TUIEHOK TOJYTOPHOTO CYNIb(UIa T'aOJUHUS, JETUPOBAHHBIX aTOMaMU
Kagmus. PaccunTano MakcuManbHOE 3HaUeHHEe pEKOMOWHAIIMOHHOTO Oapbepa U yCTaHOBIEHO pac-

MIOJIOKEHHE YPOBHEHN MPUIIUIIAHUS B 3aIIPEILEHHON 30HE.
KuroueBsle cioBa: mi€Hka, cylibdui, GoTonpoBOAUMOCTE, pelaKcallys, akIenTop, oapbep.

INTRODUCTION
One-and-a-half sulfides of rare-earth elements
(REE) concern to wide-band semiconductors [1].
In these connections are observed variety
interesting, small studied effects, which are per-
spective for practical application for optoelect-
ronis devices [2 — 6]. To such effects concerns
so called a long-term relaxation (LTR) of photo-
conductivity (FC). It is considered that LTR is
connected with existence in investigated object
potential barrier, which are in turn caused by in
homogeneity of material. As it is known, one-
and-a-half sulfides REE are characterized by pre-
sence in them own statistically distributed struc-
tural defects (in caution sublattice every ninth
knot is vacancy [7]). It is possible to assume that
such imperfections will play a part in process of
LTR of photoconductivity.

In the given work some experimental laws of
LTR in films of Gd,S, alloyed by atoms of cad-
mium are presented.

EXPERIMENTAL

Polycrystalline films of Gd, S, 0.6-4.4 mm
in thikness were made by thermal evaporated
from two independent sources of Gd and S [8].
Electronographical and X-ray analyze showed

that thin films had cubical crystal structure of
Th,p, type (y-form, space group of In,d) with lat-
tice parameters a = 8.34 A, which is in good ag-
reement with lattice parameters of bulk crystals
of Gd,S, [7]. All films had high specific resis-
tivity — ~10' Ohm[dm. In order to reduce resis-
tivity the samples are doped with cadmium
atoms. Doping was done from gas phase in clo-
sed volume by a technique described in [8]. After
doping, as have shown X-ray and electronogra-
phical analysis all films were single-phase, had
n-type conductivity and specific resistivity —
~10> — 10° Ohmldm.

Experiments on studying temperature, spec-
tral, time and luxsampere dependences of resis-
tance were spent on installation KCBY-23 equip-
ped with the micro-computer, which was used
for management of experiment and processing
of the saved up data.

RESULTS AN DISCUSSION

As have shown experiments on studying of
kinetics photoconductivity (fig. 1), long-term
processes accompany not only de-energizing but
also induction of monochromatic illumination.
It is known that the hearth of a LTR lies space
division of nonequillibrium carriers of a charge
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by electric fields of inhomogeneithy an investi-
gated materials. In this connection, naturally, the
recombination in interfaced to necessity of over-
coming of a potential barrier £, and time of life
of nonequellibrium carrier of a charge is calcu-
lated by the formula

T = exp(E/kT). (1)
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Fig. 1. Cinetics of photoconductivity at 98 K (A=450 nm,
1=Vt/cm? by a dotted line accepts the illumination termi-
nation).
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Stationary concentration is expressed by the

formula

An = AR/,
where O is coefficient of absorption, 3 — quantum
exit, J— intensity of light. It is natural to admit
that division of carriers of a charge -creates
electric fields inhomogeneity in this connection
energy potential barrier with growth of stationary
concentration will decreases.

Naturally, instant times of a relaxation should
grow linearly with time increase, as it is shown
in work [9]. Value of instant times of a relaxation
(fig. 2) we have defined on an inclination of
tangents to relaxation curves. From fig. 2. itis
visible that characterizing these two processes
instant times have very close values. The big
size of life time (> 10°s), of nonequillibrium
carriers of a charge, leads to that after a while
de-energizing of monochromatic radiation,
falling on the sample, conductivity of a film
changes and remains essentially above it darking
values. The described phenomenon is considered
as residual conductivity [9], sometimes it name

spectral memory conductivity aspires to satura-
tion.
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Fig. 2. Characteristis times of a relaxation (1) and an es-
tablishment of stationary value of photoconductivity (2),
relaxation curves of residual conductivity at 7= 104 K
(3)and T=121 K (4).

Luxsampere characteristics of photocon-
ductivity and residual conductivity are shown on
fig. 3. It is known [ 10] that at small intensitys of
illumination size of photoconductivity and resi-
dual conductivity linearly grow, and at big when
stationary concentration nonequillibrium essen-
tially changes size potential barrier, stationary
values of photoconductivity show sublinear
character, and the size of residual.
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Fig. 3. Dependence of photoconductivity (1) and residual
conductivity (2) from intensity of radiation at 112 K
(A =470 nm).
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The analysis of relaxation curves of residual
conductivity at various temperatures (fig. 2) has
shown that the size potential barrier is expressed
by the formula

E, {TTT"]“T}/[T -],
2

During a relaxation at accepts value 0.13 —
0.27 eV. It is obvious that darking value of E,
it is even more.

Measurement of FC and residual conductivity
of Gd,S,:Cd film spent to areas of energy of pho-
tons 1.5 — 4.2 eV at temperature 98 K (fig. 4).
Exceeding background of the photoresponse is
marked above energy of illumination 1.6 eV. On
all spectrum identical frequency rate of change
FC an residual conductivity is observed.
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Fg. 4. Spectra of photoconductivity (1) and residual
conductivity (2) at 7=118 K (photoconductivity is nor-
malizaed on equal number of photons corresponding
1=0.065 mVt/cm?).

The long-wave edge of FC most likely is con-
nected with acceptor levels in impurity zone.
The peak of FC at energy 2.63 eV, is obviously
caused with excitation of a charge carrier from
a valency zone in donor zone. Carrying outh that
analysis of position of this transition and red
border of FC, it is possible to estimate energy of
ionization of acceptor the level formed by va-
cancies Gd — 0.85 eV. The structure of energy
2.93 eV, possibly is caused by interzone tran-
sition of electrons and will well be coordinated
by power position with the data optical research.

CONCLUSION

In films of Gd,S, alloyed by atoms of cadmium,
are studied kinetics of photoconductivity and
processes of a long-term relaxation. It is shown
that the long-wave edge of photoconductivity is
connected with transitions of electrons from
compensated deep acceptor levels in impurity
zone. Energy of ionization of the acceptor levels,
formed by vacancies of the gadolinium atoms,
are estimated.

The received experimental data say that thin
films of one-and-a-half sulfide of a gadolinium
alloyed by atoms of cadmium can be perspective
materials for creation of photosensitive devices.
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