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Temperature dependences of photoluminescence have been obtained for lead tungstate
single crystals with stored light sum. The thermal decay effect on the photoluminescence
intensity has been revealed, this effect being connected with the pair recombination
interaction of the emission centers and electron traps localized in the surrounding thereof.
Oscillations in the light reflection intensity have been found near 200 K. Those are
supposed to be associated with the action of thermal fluctuations.

Ilonyuensl TeMmepaTypHble 3aBUCHUMOCTHA (DOTOJIOMHUHECIIEHIINY MOHOKPHCTAJIOB BOJb(D-
paMaTa CBHHIIA ¢ HAKOILIEHHOU cBeTocyMMoli. OOGHADPYKEHO BINSHNE TEPMOBBICBEUNBAHU HA
WHTEHCUBHOCTE (DOTONIOMUHECIEHIINY, CBA3AHHOE C IIAPHBIM PEeKOMOMHAIIMOHHBIM B3aWMO-
IelficTBHEM ILEHTPOB CBEUEHUS U DJIIEKTPOHHBIX JOBYIIEK, JIOKAJIN30BAHHBIX B UX OKPY/KEHUU.
OGHapy¥eHbl OCHUJLIALNNA MHTEHCUBHOCTI oTpakeHus csera B obxsactu 200 K. Ilpegmonara-
eTCs CB3b C AeHCTBHEM TeILJIOBBIX (DIYKTyalluii.

Results by [1] show that the energy accu-
mulation and transformation in PbWO,
(PWO) single crystals occurs in the com-
plexes of defects consisting of a lumines-
cence center and an electron trap localized
in its surrounding (AT complexes). During
the crystal thermal activation, a paired re-
combination interaction arises between the
AT complex components. This interaction
consists in the direct transition of the elec-
tron localized on the trap to the lumines-
cence center. It can be revealed from tem-
perature dependences of luminescence for
the crystals irradiated previously at low
temperatures. The direct transitions favor
the electrons released from the traps as
compared to thermalized electrons arising
under X-ray excitation of the crystal, be-
cause such electrons should "seek” for the
empty recombination centers. Thus, during

476

the electron transitions from the traps to
the recombination centers, the recombina-
tion rate of the free charge carriers de-
creases, thus reducing the X-ray lumines-
cence (XRL) intensity. The XRL intensity is
recovered as the traps become emptied.

The purpose of this work was to study
the AT complexes in more detail. The study
of photoluminescence (PL) may provide
more information on the luminescence cen-
ters and the interaction thereof with the
nearest surrounding, because the photoexci-
tation is rather selective. That is why we
have measured simultaneously the PL and
thermoluminescence (TL), the PL, reflection
and scattering spectra of light from the PL
region. The undoped PWO crystals grown
by the Czochralski technique were used. The
measuring setup is presented schematically in
Fig. 1. The light from the source I passes
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Fig. 1. Experimental setup: 1, light source;
2, 5, 7, monochromators; 3, vacuum cham-
ber; 4, sample.

through the monochromator 2 into the vac-
uum chamber 3 and attains the sample 4.
The sample emission is recorded at the
monochromator output by the photoreceiver
6. The intensity of light passing through
the crystal (transmission) is recorded using
the monochromator 7 and photoreceiver 8.
As the exciting sources, a glow lamp or an
LGI-21 laser (A = 337nm) were used. Linear
monochromators DMR-4 (2 and 5) as well as
a MUM type one (7) were employed. The
FEU-100 PMT in current mode were used as
photoreceivers. The results were registered
by two-coordinate recorders. The sample
heating/cooling system provided linear heat-
ing within 100 to 600 K range. The method
for combined measuring of PL and TL tem-
perature dependences has been described in [2].
The measurements were made under 107! to
1072 Torr vacuum. The samples were shaped
as 15x15x2 mm3 plates. The measurement
error was within +5 %.

The PL spectrum of a PWO single crystal
under laser excitation is shown in Fig. 2. It
is seen to consist of several strongly over-
lapped bands. The main band of the highest
intensity is peaked near 550 nm. Besides of
that main band, there are much weaker ones
in the long-wavelength region. The PL
maximum position evidences the presence of
defects in the anionic sublattice [3]. Fig. 3
presents the temperature dependence of PL
intensity (I) and the TL curve (2). Both the
dependences were measured simultaneously.
Prior to the measurement, the sample was
irradiated by a laser for 3-5 s at 100 K.
The TL is presented by three peaks differ-
ing in intensity. The most intense low-tem-
perature peak has a maximum at 130 K.
Besides, two weak peaks at about 180 and
230 K are observed. From the initial slope
of the peak at 130 K, the activation energy
was determined to be 0.314+0.025 eV. For
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Fig. 2. PWO crystal photoluminescence spec-
trum.
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Fig. 3. Temperature dependence of PL
(I; hyp, = 550 nm, X, .=3837 nm) and TL
(2; kyps = 550 nm) for PWO crystal.

other peaks, it is impossible to determine
the activation energy values due to low
intensities.

The PL intensity temperature dependence
in its plateau region contains substantial
deviations from that defined by Mott for-
mula [4]. Those deviations demonstrated as
intensity minima are observed in the decay
region of TL peaks. We have observed a
similar phenomenon also under X-ray exci-
tation as well as in [2, 5]. In [5], an expla-
nation has been proposed for the nature of
that fact; it has been confirmed in experi-
ment. According to [5], each local minimum
is connected with the emptying a specific
kind of traps. For example, there are three
such minima in the low-temperature TL
peak range. The next TL peak (T, =
180 K) is accompanied by two minima. The
decay of the 230 K peak is masked consid-
erably by the temperature quenching. Thus,
the temperature behavior of PL and TL con-
firms the results by [1] and allows us to
conclude the complex structure of AT com-
plexes in PWO. In the surrounding of the
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luminescence centers, three groups of traps
are localized presented by more that six
local levels.

It is to note that, in spite of a large
intensity distinctions between the 130 K TL
peak and two other ones, the PL intensity
changes caused by the decay thereof are es-
sentially the same. This may be associated
with different mechanisms of the thermally
activated electrons from the traps to the
recombination centers. In the 100 to 150 K
range, the traps of which only small frac-
tion is localized so that the direct transi-
tions to the emission centers are possible
seem to be emptied. The predominant frac-
tion of such traps is remote, so the transi-
tion occurs across the conduction band
states. For the traps corresponding to the
180 K TL peak, there is an inverse situ-
ation. It is just the direct transitions that
predominate in this case. The peak with
T pax = 230 K is located within the tem-
perature quenching range, as it was men-
tioned above. Therefore, it is difficult to
determine its effect on PL. The presence of
thermal decay effect on the PL intensity
allows to ascribe the recombination mecha-
nism to the latter.

When measuring the PL temperature de-
pendences, the intensity oscillations were
revealed for the light reflected from the
sample near 200 K (the incidence and re-
flection angles are equal to 45°). The tem-
perature dependence for reflection of light
from the luminescence region (A = 550 nm)
is shown in Fig. 4 (curve I1). Within the
170-220 K temperature range, the damping
oscillations of the reflection are seen to
occur followed by a section where the re-
flection is stable; in the 275-350 K region,
a reflection peak with a maximum near
300 K is observed. The intensity of light
scattering at 90° to the exciting one (curve 3)
shows a structureless minimum in the same
temperature range and an insignificant
change near 300 K. The same features of
the reflection behavior near 200 K were re-
vealed in the spectral region of PL excita-
tion. The distinctions were observed only
near 300 K, where a structureless minimum
in the temperature dependence of reflection
accompanied by a transmission maximum
was observed in some cases. At tempera-
tures exceeding the ambient one, no
changes were found in the reflection, trans-
mission, and scattering intensities. It is to
note that the above specific features in the
temperature dependence of reflection are
observed only in the region of elastic and
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Fig. 4. Temperature dependences of intensity
of reflection (1), transmission (2), and scat-
tering (3) for PWO crystal.

quasi-elastic scattering. At inelastic scatter-
ing, including PL, that effect was not ob-
served. Of interest is also the fact that the
reflection remains essentially constant at
the inverse temperature change from 300 K
to 100 K. As the heating rate increases
from 3 K/min up to 10 K/min, the reflec-
tion oscillations disappear, but the struc-
tureless minimum in the same temperature
range remains. The reflection maximum at
300 K increases slightly.

The effect observed seems not to result
from changes in the interference conditions
due to the crystal heating, since in that
case, the transmission should either remain
constant (if the reflected waves interfere)
or decrease together with the reflection (if
the incident wave interferes with the re-
flected one). Consideration of dependences
presented in Fig. 4 allows to conclude that
the temperature-dependent reflection
changes and scattering drop may be associ-
ated with changes in the number of active
scattering centers caused by thermal fluc-
tuations. These changes may be due to the
ionization thereof under simultaneous local-
ization of the electron on the neighboring
defect. As to the absence of oscillations in
the temperature dependence of scattering,
this fact can be explained by distinctions in
the oscillation and fluctuation character be-
tween the crystal subsurface layers (where
the reflection occurs) and its volume.
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PoTOTIOMiIHECIIEHIIIA TA CBITIOPO3CIIHHA
Yy MOHOKPHCTAJIaX BOJb()paMaTy CBMHILIO

A.B.IJlanenko, B.Il.I]lanenko, B.I'.Bondap,
B.B.I'punvoe, E.M.Ilupozoé, B./[.Puixcukxoé

OrpuMaHo TeMIepaTypHi sajeHOCTI (QoToNOMIHECIHeHIlil MOHOKPHUCTANIIB BoJb(paMary
CBUHIIO 3 HAKOIIMUYEHOIO CBiT/IOCYyMOI0. BHsABIIEHO BILIMB TEPMOBUCBIUyBaHHA HA IHTEHCUBHICTH
doroaoMminecenil, mos’asanuil 3 MapPHOK PeKoMOIHAIIMHO B3aeMOLi€0 IEHTPiB cBiTiHHA
Ta €JIeKTPOHHUX MACTOK, JJOKAaJi30BaHMX Yy IXHBOMY oTOueHHi. Busipieno ocruasii inTexncu-
BHOCTI BimObusanusa csiTina B obGaactri 200 K. Ilpunyckaerbcsa ix 3B 30K 38 [i€l0 TEILIOBUX

dayrTyariii.
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