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Investigated are the spectral-kinetic properties of the activator luminescence excited in
Csl:Tl crystal by a pulsed electron beam and by a pulsed nitrogen laser at A = 337.1 nm,
that corresponds to the long-wave decline of the A-absorption band. It is found that the
decay kinetics of 2.6 and 2.25 eV luminescence bands excited by an electron beam at 80 K
is mono-exponential with the time constants 1 =4 us and © = 13 us, respectively. The
decay kinetics of each from the luminescence bands under the laser excitation is bi-expo-
nential due to the presence of one more component with time constant v = 900 ns.
This sub-microsecond component dominates in the bi-exponential kinetics, and the value of
its time constant is determined by the time of the electron transfer from the metastable y
sub-level of the excited 62P3 5 state to the ground 62P1 o state of TI center. Phonon-as-
sisted processes causing population of the radiative states of TI* centers responsible for
3.0, 2.25 and 2.6 eV luminescence bands are discussed in detail.

Keywords: thallium doped cesium iodide, luminescence, TI*-perturbed exciton, decay
kinetics, charge transfer.

HccinenoBanbl CHEKTPAJIBHO-KMHETHYECKE CBOMCTBA AKTHUBATOPHOIN JIOMUHECIIEHIIMH, BO3-
Oyxmaemoii B Kpuctamaae Csl:T| ©uMIIyJbCHLIM 5I€KTPOHHLIM ITYYKOM M MMIYJILCHBIM A30THLIM
JazepoM B objactu A = 337,1 HM, UTO COOTBETCTBYET JJIMHHOBOJIHOBOMY CIANY A-TIOJOCHI IIOTJIO-
meHnsa. OGHAPYKEeHO, UTO KMHeTHKA 3aTyXaHUs II0JI0C JIIOMUHECICHIINY ¢ MakcumMyMmamu 2,6 u
2,25 3B, B0o30ys:KaIaeMbIX 3JeKTPOHHBIM IyukoMm npu 80 K, sBidercd MOHOSKCIOHEHIINAIBHON C
IOCTOAHHON BpeMeHN T = 4 MKC U T = 13 MKC, COOTBETCTBeHHO. KMHeTHKA 3aTyXaHUA KammLoil
U3 II0JIOC JIOMUHECIIEHIINY IIPHM JIa3ePHOM BO30OYIKIEHUM SIBJIAeTCA OMOKCIIOHEHIIMAJbHOU OJiaro-
Japs HAJWYKIO €llle OJHOr0 KOMIIOHEHTA ¢ IIocToAHHOM BpeMenu T = 900 He. dror cybMuUKpoce-
KYHIHLIH KOMIIOHEHT JOMHHUPYET B OMOKCIIOHEHIINAJLHON KMHETUKe, U 3HaUeHMre ero IIOCTOSH-
HOU BpeMEHU OIpeesideTcsi BPeMeHeM I[epeHoca JJIEKTPOHA ¢ MeTacTa0UJIBLHOTO \Y-TIOLyPOBHS
BO30YK/IEHHOTO COCTOAHMS 62P3 /9 B OCHOBHO® 62P1 /2 COCTOSHIE TI° nenrpa. MetannHo obcyaxr/ma-
IOTCS TePMUYECKH AKTHUBMPOBAHHLIE MPOIECCHI, BLIBLIBAIOIIME 3acejeHNe M3JIyJarolluX COCTOsM-
Huii TI* 1eHTpOB, OTBEeTCTBEHHLIX 3a IIOJOCH JioMuHecHennuu 3,0, 2,25 u 2,6 oB.

Buyrpimuabso-uenrposi mnpouecu, masemeni in Csl:Tl exekrponnum nyuxom ta 337 um
aazepaumM cBitaom. B.Axosaes, JI.Tpedinosa, I'Kaprnayxosea, O.lllnuruncvra.

HocnigkeHo clHeKTpaJbHO-KiHEeTMYHI BJACTHBOCTI aKTUBATOPHOI JOMiHecreHii, o
36ymryioreca B kpuctanax Csl:T| iMOynIbcHAM eeKTPOHHMM IIYYKOM Ta A30THUM JA3EPOM B
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obaacti A = 337,1 uM, II0 BiANOBifac HOBrOXBUILOBOMY CIALY A-CMYyTrU IOTJIMHAHHA. Beramos-
JIEHO, 110 KiHeTHKa 3aracaHHda cMyr JOMiHecieHmii 3 Mmakcumymamu 2,6 i 2,25 eB, mo s6ymxy-
IOThCA eneKTPoHHUM IIyukoM npu 80 K, € MOHOEKCIIOHEHI[IIIHOK 3 mocTifiHo vacy T = 4 MKc i
T = 18 mkc, Bignosigno. Kinernka saracanHsa KOMHOI 3 IUX CMYT IIiJ JasepHUM 30YIKEHHSM €
GieKCTIOHEHTII THOIO Uepe3 HAABHICTD e OAHiel KOMIIOHeHTU 3 mocTiitHoo uacy T = 900 me. Ileit
CcyOMIKpOCeKYHIHUIT KOMIIOHEHT AoMiHye y OieKcmomeHIiifiHi#T Kinmeturli, a BeanumHa #Horo mo-
cTifiHol Uacy BUSHAYAETHCA UACOM TIEPEHOCY eJeKTPOHA 3 MeTacTabiIbHOTO miapiBHSA 30ya:KeHOTO
cTaHy 62P3 R: OCHOBHUH 62P1 /o CTaH TIO memrpa. JeTanbHO 0GTOBOPIOIOTHCA TEPMIiUHO-AKTUBO-
BaHi IpoIecH, 10 BUKJINKAIOTH 3aceJeHHd BUIIPOMiHIOBAILHUX craHiB TI* meHTpiB, Bigmosizans-
HUX 34 CMyr'd JoMiHecleHIil 3 makcumymamu 3,0, 2,25 i 2,6 eB.

1. Introduction

Although scintillation Csl:Tl crystal has
been widely applied for over 50 years, its
luminescence properties are not fully under-
stood up to now. Csl:Tl crystal is a wide-
band gap dielectric (E, = 5.8 eV) with the
concentration of cation-substituting TI* ions
not higher than a tenth of a percent. But it
is TI* ions that make Csl:Tl ecrystal sensitive
to daylight which excites their slowly decay-
ing luminescence (called phosphorescence).
The latter blocks the scintillation process
until complete radiative relaxation of the
crystal been exposured to daylight. The ab-
sorption properties of TI* ions in Csl were
studied in detail by Masunaga et al. [1] and
Stillman et al. [2], who found six and five
bands, respectively, in the absorption spec-
tra of Csl:Tl. At excitation by photons with
energy of E, = 4.27 eV corresponding to
the lowest-energy A-absorption band, there
were observed luminescence bands with
3.31, 3.09, 2.55 and 2.25 eV maxima [3].
The bands with maxima at 3.81, 3.09 eV
were interpreted in the scope of the Jan-
Teller model [3, 4] to be due to intracenter
transitions of TI* ion from triplet relaxed
excited state of TI* center with trigonal and
tetragonal symmetry, respectively; the lumi-
nescence bands with maxima at 2.55 and
2.25 eV are related to the radiative decay of
triplet near-activator excitons of two differ-
ent structure configurations. Excitation at
lower energies with respect to the A-absorp-
tion band, which extends up to 3.1 eV, ac-
cording to the data of [5], leads to the accu-
mulation of energy that can be released ther-
mally or optically to give rise to thermally- or
photo-stimulated luminescence, respectively.

This study is a continuation of the series
of our papers [6—8] aimed at clarification of
the role of photo-induced processes of
charge transfer in the formation of color
and luminescence centers in Csl:Tl crystals
at nitrogen laser excitation (A,, = 337 nm).
The photon energy at such an excitation is
about 0.6 eV lower than the photon energy
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from the region corresponding to A-absorp-
tion band. However, we found phenomena of
the internal photoelectric effect and expo-
nentially decaying photoluminescence under
one-photon excitation of Csl:Tl crystal with
337 nm light in the temperature range of
80-400 K and suggested a model for de-
scription these phenomena [6]. Both bulk
conduction current and exponentially decay-
ing luminescence in the visible spectral re-
gion are characterized by a pronounced Ar-
rhenius temperature dependence with the
thermal activation energy of 0.3 eV. In the
present paper, we carried out comparative
studies of the spectral-kinetic properties of
Csl: Tl luminescence excited by a pulsed elec-
tron beam and 337 nm laser light at room
and liquid nitrogen temperatures.

2. Experimental

Csl:Tl ingots were grown by the Stock-
barger technique in evacuated quartz am-
poules taking into account recommendations
of [9]. The samples with dimensions
8x8x2 mm3 were cut from the ingots. Tl concen-
tration in the samples was determined by the
chemical technique [10] and given in mass %.
Luminescence was excited by N, laser pulses
(A = 337.1 nm; ¢, = 5 ns; j = 1 mJ/em?) and
electron pulses {E = 250 keV, ;1,9 =15 ns,
j =160 mJ/cm?). The luminescent response
linearity of Csl:Tl crystal to the density of
337 nm laser beam was verified experimen-
tally. The luminescence pulses were regis-
tered by an optical spectrometer consisting
of an MDR-8 monochromator, an FEU-106
photomultiplier and a 350 MHz oscilloscope
LeCroy WR 6030A. The oscillogram family
for the luminescence pulses was obtained
for a certain wavelength within
250+1100 nm range at temperatures of
80 K and 295 K. Then the oscillograms
were converted into luminescence kinetic
curves in order to determine the kinetic pa-
rameters of the luminescence pulses and to
plot the time resolved luminescence spectra
with 7 ns time resolution for any time
delay. The cathodoluminescence kinetics for
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Fig. 1. Luminescence spectra of Csl:0.048% Tl excited by 837 nm laser pulse (a) and electron pulse
(b) at T = 295 K. Empty circles are experimental data; dashed lines are fitting curves; solid lines

are the sum of the fitting curves.

Csl:Tl at room temperature has a sub-micro-
second rise stage after irradiation pulse [11,
12]. Therefore, all the spectra presented in
the study were obtained with 200 ns time
delay corresponding to the rise time of the
cathodoluminescence pulse intensity up to its
maximum value. The luminescence spectra
are corrected for the spectral response of the
monochromator and the photomultiplier.

3. Results and discussion

Fig. 1 shows the luminescence spectra of
Csl:0.043 %TIl crystal excited by a laser
pulse at 337 nm and by an electron pulse at
room temperature. The sum of three Gaus-
sians with parameters not depending from
the excitation method fits both spectra. The

fitting results are presented by the solid
line in Fig. 1. Table 1 contains the parame-
ters of the fitting bands and the ratio of
their maximum intensities for Csl: Tl with
different Tl concentration. It is seen that
the only difference between the photo- and
cathodoluminescence spectra is a little "red”
shift of the longwave fitting band charac-
teristic of the two samples with 0.043 and
0.52 % of TI. It should be noted that the
observed difference in the luminescence
spectrum shape for the crystals with differ-
ent thallium concentration is due to redis-
tribution of the contribution of each of the
three fitting bands to the total spectrum.
At both excitation methods, the lumines-
cence intensity decreases uniformly for the
whole spectrum after depletion of the exci-

Table 1. Parameters of the best Gaussian fit for the luminescence spectra of Csl:Tl crystals at 295 K

TI, Excita- |E,,;, eV| FWHM, |E_,, eV FWHM, eV| E_,, eV FWHM, eV I, /191,35
mass. % | tion by eV
0.018 | e-beam | 8.12 0.47 2.6 0.47 2.25 0.47 0.24/0.66/0.62
337 nm| 3.12 0.47 2.6 0.47 2.25 0.47 0.21/0.33/0.62
light
0.048 | e-beam | 3.12 0.47 2.6 0.47 2.25 0.47 0.48/0.76/0.62
337 nm| 3.12 0.47 2.6 0.47 2.22 0.47 0.26/0.44/0.92
light
0.14 |e-beam | 3.12 0.47 2.6 0.47 2.25 0.47 0.35/0.41/0.6
337 nm| 3.12 0.47 2.6 0.47 2.25 0.47 0.33/0.55/0.78
light
0.47 |e-beam | 8.12 0.47 2.6 0.47 2.25 0.47 0.2/0.43/0.49
337 nm| 3.12 0.47 2.6 0.47 2.25 0.47 0.22/0.28/0.87
light
0.52 |e-beam | 3.12 0.47 2.6 0.47 2.25 0.47 0.35/0.67/0.65
337 nm| 3.12 0.47 2.6 0.47 2.2 0.47 0.055/0.11/0.95
light
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Fig. 2. (Color online) Photoluminescence Fig. 8. (Color online) Cathodoluminescence oscillo-

oscillogram of Csl:0.043%Tl at 337 nm
laser excitation at T = 295 K. The broken
line is experimental data, the red solid line
is the fitting curve.

tation pulse. The luminescence pulse oscillo-
gram in semi-logarithmic scale shows that
under the optical excitation a luminescence
pulse of Csl:TI has mono-exponential decay
(Fig. 2). The values of the decay constant
for all the samples are almost the same and
amount to 0.6£0.05 us. Figure 3 (a, b) pre-
sents the cathodoluminescence oscillogram
of Csl:0.47%TI| in logarithmic scale (a) and
semi-logarithmic scale (b). The scintillation
decay curves are often approximated by the
sum of two, three or more exponential com-
ponents [13 and references therein]. Analy-
sis of the literature data shows, however,
that such a representation is an oversimpli-
fication of physical reality. Indeed, the re-
sults obtained by Brecher et al. [14] directly
show that under lattice excitation the inten-
sity of Csl:TI luminescence pulse decreases
hyperbolically by nine orders within the
time range 1077 + 107! s. It means that the
kinetics of higher-order reactions fits the
scintillation pulse decay kinetics, and there-
fore the latter should not be described by the
sum of several exponentials. But anyway,
many researchers [11-18, 15, 16] regard TI*
center luminescence to be due to recombina-
tion of TIO and V| centers. At room tempera-
ture the centers of both types produced by
ionizing radiation in equal amounts are
thermally unstable [17, 18]. Therefore, on
the base of physical considerations [19], it
seems appropriate to express the decay ki-
netics of the cathodoluminescence pulse by
a second-order hyperbola:
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gram of Csl:0.47%TIl in log-log scale (a) and log-scale
(b) at T = 295 K. Broken lines are experimental data,
dashed lines are fitting curves, the red solid line is the
sum of the fitting curves.

=-—"10 (1)
1+oa-t

The fitting results of the slow decay
component by the hyperbola are shown in
Fig. 3a by a dashed line. The sum of the
hyperbolic and exponential components fits
the experimental decay curve in Fig. 3b.
The best fitting results are obtained with
o = 0.8-106 s71 and the time constant of the
cathodoluminescence exponential decay
T = 0.8 us which is close to the time constant
of the photoluminescence decay. Note, that
the exponential component with t= 0.8 us
is present in the decay kinetics of all the
studied samples. Its contribution to the
cathodoluminescence decay kinetics at room
temperature is dominant, ranging from 70
to 85 percent of the initial intensity.

The spectra and the decay curves of lu-
minescence induced by electron beam and
UV laser light in Csl:Tl at ligquid nitrogen
temperature are shown in Fig. 4 and Fig. 5,
respectively. The luminescence spectra are
the superposition of two Gaussian-shaped
bands with the parameters close for both ex-
citation methods (Fig. 4a, 5a and Table 2). It
should be noted that at 80 K the intensity
of photo-induced luminescence is by a factor
of several tens lower than the one observed
at room temperature. Therefore, the sam-
ples with high thallium concentrations are
used for measurements at 80 K. The decay
kinetics of cathodoluminescence registered
for 2.25 and 2.6 eV bands at 80 K contains
exponential stages with time constants
equal to 13 and 4 us, respectively (Fig. 4b
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Fig. 4. (Color online) Spectrum (a) and oscillograms (b,c) of catholuminescence registered for
Csl:0.47 % TI at 2.25 eV (b) and 2.6 eV (¢). T = 80 K. Empty circles and the broken lines are
experimental data, dashed lines are fitting curves; solid lines are the sum of the fitting curves.
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Fig. 5. (Color online) Spectrum (a) and oscillograms (b,c) of photoluminescence registered for
Csl:0.47%TIl at 2.25 eV (b) and 2.6 eV (¢). T = 80 K. Empty circles and broken lines are experimen-
tal data, dash lines are fitting curves; solid lines are the sum of the fitting curves.

and 4c). For the optical excitation, the sum
of two exponential components — relatively
fast and slow — fits the decay kinetics for
each of the luminescence bands excited by
337 nm laser pulse at 80 K (Fig. bb and
5¢). The fast decay component for both
bands is characterized by the same time
constant Trast = 900 ns; those of the slow

exponential decay components being 13 us
and 4 us for the 2.25 eV and 2.6 eV band,

respectively. This completely coincides with
the time constants of exponential decay for
the same luminescence bands excited by an

electron pulse.
The above experimental results show that

the excitation by near UV-light with the
photon energy by a factor of about 1.5
lesser than the width of the band gap and
the excitation by ionizing radiation produce
the same luminescence centers in Csl;Tl. The

Table 2. Parameters of the best Gaussian fit for the luminescence spectra of Csl:0.47 %TIl at 80 K

Type of luminescence E_,, eV FWHM, eV E 5 eV FWHM, eV
Photoluminescence 2.18 0.35 2.61 0.35
Cathodoluminescence 2.25 0.35 2.6 0.35
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elementary bands with maxima at 3.12, 2.6,
and 2.25 eV in the photo and cathodolumi-
nescence spectra shown in Fig. 1 correspond
very closely to the luminescence bands with
maxima at 3.09, 2.55 and 2.25 eV, respec-
tively, observed under A-band excitation
[3]. Following V.Nagirnyi et al. [3], we con-
sider the 8.12 eV band to be due to the TI*
intracenter radiative transition, and 2.6 and
2.25 eV bands to be bound up with radiative
annihilation of Tl-perturbed excitons (Iz’e’)*
with "weak” and "strong” off-center struc-
ture configuration, respectively. As shown
above, the slow exponential decay of catho-
doluminescence in 2.6 eV and 2.25 eV bands
at 80 K is characterized by the time con-
stants equal to 4 us and 13 us, respectively
(Fig. 4b and 4c), which coincide with the
data of [20]. The nature of these exponen-
tial stages is considered to be defined by the
lifetime of Tl-perturbed excitons of two
types in the lowest relaxed state [3]. In our
opinion [11], these stages are bound up with
the lifetimes in the pairs of [TIOVk] centers
located in the neighbouring lattice sites
prior to their tunnel radiative recharge. The
issue of the origin of the slow exponential
stages is fundamentally significant, since
according to the obtained results, it is the
fast exponential component with T = 900 ns
that dominates in the decay kineties of both
2.25 eV and 2.6 eV bands of Tl*-center lu-
minescence excited by near UV-light at
80 K (Fig. bb and 5c). This strongly sug-
gests that the lifetime of TI*-perturbed exci-
tons in the lowest relaxed state at 80 K
does not exceed 900 ns.

Consider the following luminescence fea-
tures revealed in this study by different
excitation methods.

— The exponential decay of luminescence
in the sub-microsecond scale under excita-
tion by UV light at both liquid nitrogen
temperature and room temperature.

— The presence of the slow exponential
components in the decay kinetics of pho-
toluminescence at 80 K characterized by the
time constants equal to those of cathodolu-
minescence.

— The presence of sub-microsecond expo-
nential component in the cathodoluminescence
decay kinetics at room temperature, charac-
terized by the time constant whose value is
close to that of the photoluminescence.

Synchronous decay of all the three lumi-
nescence bands at both excitation methods
at temperatures close to room temperature
proves the existence of a common mecha-
nism for population of the radiative states
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of the luminescence centers responsible for
these bands.

The model of excitation mechanism of
Csl:TI luminescence induced by near-UV
light was discussed in our earlier paper [6].
Developing ideas presented in [6], we con-
sider the exponential decay component of
TI*-center luminescence to be due to photo-
induced transfer of valence electrons from
the anions surrounding a thallium ion to
the thallium levels with subsequent forma-
tion of [(TIO)*Vk] complexes with the popu-
lated wy-sublevel of 62P3/2 excited state of
TIO center. De-excitation of [(TIO)*Vk] com-
plexes may occur in two ways. At first, the
capture of electrons from the y-sublevel by
[TI*V,] complexes called V;, centers results
in TI*-perturbed excitons of two different
configurations according to reaction (2):

Wege + [IFTHZ] = [TRV] = [THVe)] -
(2)
= TI" + hvy 95012, 6ev

The probability of the population of the
radiative state of TIT-perturbed excitons
whose luminescence decays exponentially
(tz = 900 ns at 80 K and t; = 600 ns at 295 K),
is determined by the probability of the ther-
mal ionization of (TI%  centers with the
populated metastable y sub-level.

The other way for de-excitation of
[(TIO)*Vk] complexes is the electron transi-
tion from the y- to the ¢ sub-level of TIO
center (the transition is shown by the arrow
v; in Fig. 6). This transition gives rise to
the pairs of color centers V. and TIO in
62P1/2 ground state, which are located in
neighbouring lattice sites.

[(TO*V,] —¥=225 [(TIOV,] (3)

According to [11], the destruction of
such pairs by the mechanism of tunnel re-
combination at 80 K is accompanied with
slow-decaying luminescence with the time
constants equal to 4 us for 2.6 eV band and
13 us for 2.25 eV band (see also Fig. 4b and
4c). Therefore, we consider the presence of
these slow exponential components in the
photoluminescence decay kinetics at 80 K
(Fig. 5b and 5c¢) to be due to the formation
of excitons in the process of tunnel radia-
tive recharge of [TIOVk] pairs (the inclined
line in Fig. 6) in according to reaction (4):

[TIOV,] ““Z54 [T (Vie)*] — (4)
= TF + Ay 250122, 607
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Fig. 6. Scheme of photo-induced electron
transitions in Csl:Tl crystal.

At temperatures close to room tempera-
ture, the phonon assisted electron transition
from the y sub-level of 62Pj; excited state
to y-sub-level which forms impurity conduc-
tion sub-band of Csl:Tl [6], has a decisive
influence on the luminescent properties.
The phonon assisted electron transfer from
the wy-sub-level of TIO center state to the
impurity conduction sub-band (PW Y transi-
tion in Fig. 6) leads to disintegration of
[(TIO)*Vk] complex, and intracenter lumines-
cence process is being replaced by the re-
combination luminescence process:

[(TIO*V,] —¥=L5 e + [TIV,] )

[TI*V,] complexes are thermally unstable at
room temperature, and the electron transfer
from the y sub-level of 62P3/2 state of TIO
center to the impurity conduction sub-band
leads, in fact, to the formation of mobile
charge carriers of both signs. This is shown
in Fig. 6 by horizontal dotted arrows in the
corresponding bands. Arising together with
free electrons, the holes of the valence band
(or mobile V) centers) in Csl:Tl can be cap-
tured by thallium ions with subsequent for-
mation of either TI?* or V,, centers. At the
same time recombination of the conduction
electrons with TI2* centers causes the in-
tracenter transition in TI* ions, which is re-
sponsible for the luminescence band with
maxima at 3.12 eV:

e + ...+ T|2+ - (TI+)>k —> T|+ + hV3‘12€V (6)
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Recombination of the conduction elec-
trons with V4 centers results in [TIOV,]
complexes which are decomposed with the
formation of excitons of two different con-
figurations (reaction 4). In our opinion,
synchronous decay of all the three lumines-
cence bands evidences that the duration of
recharge in [TI°Vk] pairs at room tempera-
ture does not exceed the lifetime of TI? cen-
ter in the excited metastable state. This as-
sumption is consistent with the highlights
of the classical theory for the elementary
act of recharge of defects in solids [21].
Thus, the features of luminescence excited
in Csl:TlI by UV laser emission are consis-
tently described in scope of the proposed
model for the mechanism of luminescence
center formation under near-UV light.

The presence of the sub-microsecond ex-
ponential component in the cathodo-lumi-
nescence decay kinetics with the time con-
stant close to that of the photoluminescence
testifies to the existence of an effective
mechanism for the formation of complexes
[(TIO)*Vk] under ionizing radiation at room
temperature. According to the data of opti-
cal absorption measurements [11, 22, 23],
under non-selective band to band excitation,
in the Csl:Tl there are formed primary de-
fects such as self-trapped holes (V| color
centers) and TI centers in 62P; , ground
state. The creation time for these centers does
not exceed 5 ps [22, 23]. Recombination of
thermally unstable V, and TI° centers at room
temperature gives rise to luminescence of TI*
centers. The dominant contribution to the
cathodoluminescence decay kinetics at room
temperature belongs to the exponential com-
ponent whose time constant corresponds to
the transition time of TIO center from the
excited metastable to the ground state. There-
fore, it is reasonable to conclude that the
stage of [(TIO)*Vk] complexes formation pre-
cedes the creation of TI*-perturbed excitons in
the process of TIO-V, center recombination.
The general scheme of the recombination
process is described by reaction:

Vi + ., + TIO 55 [TV, ] — %
= [TFVe)T = T + hvy a50v:2.60v

According to the model of inter-impurity
radiative recombination [24], at electron
tunneling from a donor to an acceptor there
arises Coulomb interaction. Due to this in-
teraction, the process of electron tunneling
from TIO to the nearby Vi center in [TIOVk]
complexes seems to include an intermediate
stage of electron transition from the level
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of the ground state to the sub-level of the
metastable of TIO center state. The prob-
ability of this transition defines athermal be-
havior of the exponential decay constant of
Tl-perturbed exciton luminescence at tempera-
tures below 20 K [3,20]. The transition of TIO
centers to the metastable state becomes as-
sisted by phonons at temperatures above 20 K,
therefore the exponential decay constant of
Tl-perturbed exciton luminescence becomes
temperature-dependent.

Thus, the luminescence lifetime of TI*-
perturbed excitons arising under a pulsed
electron beam or UV laser light in Csl:TI
crystal is defined by the lifetime of TIO cen-
ters in the metastable excited state. This
could be just the factor that limits the fast
response of Csl:Tl scintillator.

4. Conclusions

The main results of this study are sum-
marized as follows:

At single-photon absorption of 337 nm
light of a nitrogen laser in Csl:Tl crystals
with different activator concentration, there
is excited luminescence of TI*-perturbed exci-
tons of two structure configuration and TI*
intracenter luminescence.

The lifetime of TI*-perturbed excitons in
the lowest relaxed state at 80 K is shown
not to exceed 900 ns. The excitons arise due
to the recharge of [(TIO)*Vk] complexes con-
sisting of TIO center in the excited metas-
table state and V) center which are located
in neighbouring lattice sites.

Recombination of electrons from impurity
conduction band with hole centers arising due
to disintegration of [(TIO)*Vk] complexes with
the populated y sub-level of 62P3 /2 excited
state of TIO centers is considered to be the
basic mechanism for creation of luminescence
centers under both excitation method at room
temperature. The mechanism explains the ap-
pearance not only of the exciton lumines-
cence, but also of luminescence caused by the
intracenter transition in TI* ions.

It is shown that the major contribution
to the cathodoluminescence decay kinetics
at room temperature is made by the expo-
nential component with the decay time cor-
responding to the time of TIO center transi-
tion from the excited metastable to the
ground state. Recombination of TIO with Vi
centers is always accompanied with the
creation of [(TIO)*Vk] complexes with the
populated y-sublevel of 62P3/2 excited state
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of TIO centers. The lower limit of the decay
time of the activator luminescence for Csl:Tl
crystal is defined by the lifetime of TIO cen-
ter in the metastable excited state.
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