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The amplitude-time parameters of the A-luminescence at 3.12 eV are studied for CsL:Tl irradiated by a pulsed
electron beam at temperatures 77-295 K. It has been established that the 3.12 eV band kinetics varies differently
with temperature in two temperature ranges of 77-170 K and 170-295 K. The increase in temperature from 77 K
to 170 K causes the decrease in the exponential decay time constant, while at temperatures above 170 K, there
appeared the post-radiation rise stage followed by the slow exponential decay stage. The temperature behavior of

the A-luminescence kinetics is interpreted in term of the model, according to which (i) the A band is due to the
allowed electron transition 61P1 — 6180 of TI" ions and (ii) the main excitation mechanism across the entire
cathodoluminescence spectrum of CsI:T]1 at temperatures near room temperature is the spontaneous disinte-
gration of donor-acceptor dipoles [TIOVk].

1. Introduction

For description of the optical properties of Tl™-centers in face-
centered cubic (fcc) crystals of alkali halides there is developed a
number of models based on the ionic Seitz model [1] taking into account
the Jahn-Teller effect [2,3]. According to the Seitz model, three bands
located on the long-wave side from the fundamental absorption edge of
the crystal and called A, B and C bands are caused by intracenter tran-
sitions 1SO—>3P1, 3p,, 1Py, respectively, from the ground state 6150 to the
excited states 6°P;, 6°Py, 6'P1 of T1" ions perturbed by the crystal field.
The excitation of T1"-centers in each from the mentioned bands causes
luminescence. It should be noted, that activator luminescence excited in
the A absorption band (so-called A-luminescence) have become the
subject of numerous studies.

The Seitz model gives the quantitative description of the optical
absorption of mercury-like ions in alkali halide crystals, but does not
explain the fine structure and the intensity ratio of the T1"-like ion ab-
sorption bands, as well as the presence of two and three bands in the
activator luminescence spectra of the crystals with the type lattice of
NaCl and CsCl, respectively. Jahn-Teller models based on the Seitz
model explain TIT centers luminescence in the terms of the radiative
transition of cation-substituting T1" ions in the halide surrounding from
the excited 3P; state mixed with the 'P; state due to strong spin-orbit
interaction to the ground 'S state.

Jahn-Teller models satisfactorily explain spectral-kinetics properties
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of TI" centers at temperatures above 50 K, but at helium temperatures
these models do not provide a completely satisfying interpretation for
anomalous decay kinetics of TI" center luminescence [4-6]. Moreover,
from the viewpoint of the intracenter transitions of TI" ion in the halide
surrounding with tetragonal or lower symmetry, it is impossible to un-
derstand how excitation of the crystal in the A band of activator ab-
sorption or of its long-wavelength decline leads to delocalization of
charge carriers, which gives rise to internal photoelectric effect [7], light
sum storage [8], thermally stimulated luminescence and photochemical
coloration [9].

Unlike Tl-activated alkali halide crystals with the face centered cubic
lattice, at excitation of CsLTl crystal having primitive cubic lattice by
ionizing radiation or optical photons in the A band of thallium absorp-
tion along with the 3.1 eV luminescence of TI* ions there appears also
luminescence of Tl*-localized excitons of two different structural con-
figurations responsible for the 2.55 eV and 2.25 eV bands [10].

The present study continues the series of our works [7,9,11-14]
devoted to investigation of luminescence process in CsI:Tl scintillation
crystals. Based on the results obtained by the methods of the absorption
and luminescent time-resolved spectroscopy as well as the photocon-
ductivity data, we have developed the concept with the following main
statements:

o the impurity conduction band is found inside the band gap of CsL:Tl
crystals with Tl concentration greater than 3.8.1072 mol % [7,12].
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o the donor-acceptor dipoles [T1°Vy] which are the pairs of T1° and Vi
color centers located in neighboring lattice sites play a crucial role in
the luminescent process [13,14].

Reported in [7,13,14] are experimental proofs of the fact that pop-
ulation of radiative states of TI"-localized excitons is controlled by the
process of spontaneous disintegration of the donor-acceptor dipoles
[T1°Vi] by means of tunnelling mechanism. It is also shown that optical
excitation in the A absorption band leads to transfer of valence electrons
to the impurity conduction band, i.e., in fact, to creation of pairs of band
charge carriers.

The present paper reports the results of studying the kinetic prop-
erties of the 3.1 eV luminescence of TI" ions excited by a pulsed electron
beam in CsL:TI crystal, in comparison with those of the luminescence
related to Tl™-localized excitons. The analysis of these results have
allowed (i) determine the nature and the mechanisms population of the
radiative state of TI™ centers responsible for the 3.1 eV luminescence
band as well as (ii) reveal the universal excitation mechanism control-
ling the same kinetics of all bands of the T1" center luminescence in CsI:
TI crystal exposed to cathodic and A band excitation at temperatures
above 170 K.

2. Experimental details

CsL:'Tl ingots were grown by Stockbarger technique in evacuated
quartz ampoules from special purity grade CslI salt, which was dehy-
drated by vacuum drying. This technology allows to obtain CsL:Tl
crystals free from contaminants, including oxygen-containing
impurities.

Samples with dimensions of 8 x 8 x 2 mm® were cut from the ingots.
Tl concentration in the samples was determined by the voltammetric
method in Macc %.

Luminescence excited in the temperature region 77-295 K by a
pulsed electron beam (E = 250 keV, t;,5 = 15ns,j =8 mJ/cm?) from a
GIN-600 accelerator. The cathodoluminescence oscillograms were
registered at a certain wavelength in the range 250-1100 nm by an
optical spectrometer consisting of an MDR-3 monochromator, an FEU-
106 photomultiplier and a four-channel 350 MHz oscilloscope LeCroy
WR 6030A. Then the oscillograms were converted into kinetic curves of
luminescence in order to determine the kinetic parameters of the
luminescence pulse and also plot the spectra of luminescence at any time
delay with 7 ns resolution.

3. Results

According to [13] the sum of three Gaussians with maxima at 3.12,
2.6 and 2.25 eV fits the cathodoluminescence spectra measured at room
temperature for CsL:Tl crystals with different Tl concentrations, which
varies in the range 1.8:1072 — 5.2.107! mass %. Bands with these
maxima and the equal half-width FWHM = 0.37 eV also fit well the
cathodoluminescence spectra of CsL:Tl crystals measured at nitrogen
temperature. As an example Fig. 1 shows fitting results for the amplitude
spectrum of the cathodoluminescence of CsI:0.24 % T1 crystal measured
atT=77K.

According to [10,15], the 3.12 eV band should be regarded as related
to the intracenter radiative transition of a cation-substituting T1"-ion.
Two other activator bands with maxima at 2.6 and 2.25 eV are caused by
radiative annihilation of TlI™-localized excitons (Ize™)* having “weak”
and “strong” off-center structure configuration, respectively, [10].

As shown in our papers [12,13], Tl"-localized excitons are formed
due to tunnel radiative recharge of pairs consisting of the electron TI°
and hole Vi color centers located in two ways in the neighboring lattice
sites. Such pairs [TlOVk] of color centers holding the charge-carriers of
the opposite sign are donor-acceptor dipoles, which are otherwise called
as [TIOVk] complexes. It is noted, that the formation mechanism of T1*-
centers in the excitation radiative state under ionizing radiation is still
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Fig. 1. Cathodoluminescence spectra of CsI:0.24 %TI crystal measured at T =
77 K with different time delay after the electron pulse depletion. Time delay is
0 ns (1) and 200 ns (2). Circles are experimental data; dashed lines are fitting
Gaussians; solid line are the sum of the fitting Gaussians.

not fully clear. Therefore, the main attention in the present work has
been paid to verify of the origin the 3.12 eV luminescence band and look
into the mechanisms of its excitation.
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Fig. 2. Cathodoluminescence oscillograms recorded at 3.12 eV for CsI:0.043 %
TI under different temperatures.
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Fig. 2 shows in semi-logarithmic scale the family of cath-
odoluminescence oscillograms registered at 3.12 eV in the temperature
region 77-295 K. This family contains two groups of the oscillograms
which essentially differ in shape. In the low-temperature region 77-170
K the luminescence intensity decays in several stages covering nano- and
microsecond time ranges; at higher temperatures there is clearly a
pronounced stage of the intensity post-radiation rise.

The results of analytical description of the cathodoluminescence ki-
netic curves are the following. In the low-temperature region the curves
are well fitted by the sum of two exponential and hyperbolic compo-
nents:

Ly 6

1) = Log=t] 50+ ] gt/
() = lpe 0 Al T A Gy

As follows from the data presented in Fig. 1 and Fig. 2, more than 90
% of the initial intensity decays at 77 K in the fast stage with the time
constant T < 10 ns.

According to [11,14,16], the pairs of TI® and Vi color centers are the
primary defects created in CsL'Tl by ionizing radiation, and the
appearance of the hyperbolic component is caused by recombination of
these defects. Vi centers become mobile [17] at 90 K, so the index p in
the fitting equation (1) for the kinetics curves registered at temperatures
above 90 K is taken to be equal to 2 [18]. At lower temperatures the
recombination in the pairs occurs by the tunneling mechanism, and its
kinetics is described by the first-order hyperbola [19]. The fitting results
for the kinetics curves by the expression (1) are shown in Fig. 3 (a, b) by
the solid line.

As mentioned above, at temperatures higher than 170 K, the decay of
the A luminescence band is preceded by the stage of post-radiation rise.
The decay kinetics at all the temperatures within the range 170-295 K in
micro- and millisecond time intervals is well approximated by the sum of
the exponential and hyperbolic components. The appearance of the rise
stage can be physically substantiated only for the exponential compo-
nent; therefore the kinetic curves within this temperature region are
described by the expression:

e @

1) =1 _e’l/fdﬂum‘ + Ly (1 — e t/Tise ) o=t/ Tstow +
0 =L o ) (1+ ar)?

For the description of the rise stage in the equation (2), there is used
the expression (1 —e /™), as the simplest one which satisfactorily de-
scribes the shape of the experimental curves. The fitting curve with
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equation (2) for the catodoluminescence pulse at 3.12 eV is illustrated
by the solid line in Fig. 3 (c).

At near-room temperature, the fast decay component is not observed
in the kinetics and the shape of the kinetic luminescence curves in 3.12
eV band at the temperatures within the range 230-295 K is completely
identical to the shape of those in the exciton bands. This fact is illus-
trated by Fig. 4 that presents the normalized kinetic curves registered in
the 3.12 and 2.25 eV luminescence bands at room temperature.

Fig. 5 shows the cathodoluminescence spectrum measured at 295 K
with a 200 ns time delay, when the intensity of the cathodoluminescence
pulse reaches its maximum value. This spectrum, similar to the one
measured at 77 K, is a superposition of three Gaussians peaking at 3.12,
2.6 and 2.25 eV and having the same half-width FWHM = 0.47 eV.

The temperature dependences of cathodoluminescence kinetics pa-
rameters Tdecay, Tslows Trise involved in the equations (1) and (2) are
presented by curves 1, 2 and 5, respectively, in the Arrhenius co-
ordinates in Fig. 6. Curve 2 also contains the values of the time constant
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Fig. 4. Normalized oscillograms of cathodoluminescence recorded at 3.12 and
2.25 eV under T = 295 K.
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Fig. 3. Oscillograms of cathodoluminescence recorded at 3.12 eV for CsI:0.043 %TI crystal under different temperatures and results of their deconvolution into
components. Broken lines are experimental data, dashed lines are fitting curves, the solid lines are the sum of the fitting curves.
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Fig. 5. Luminescence spectrum of CsI:0.018 %Tl measured at 200 ns delay after

the electron pulse depletion at T = 295 K. Circles are experimental data; dashed
lines are fitting curves; solid line is the sum of the fitting curves.
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Fig. 6. Parameters of the luminescence pulse at 3.12 eV versus temperature:
the decay time constants Tgecay (1), Tsiow (2), T1 [20] (1), the rise time constant
Trise (5), ps; the pre-exponential multiplier I4 (3), a.u.; flash light sum (4), a.u.
The decay time constant g, Of the luminescence pulse at 2.25 eV versus
temperature (2); the rise time constants trise of the luminescence pulse at 2.6
and 2.25 eV versus temperature (5).

Tslow Of the exponential decay component, which are obtained according
to the results of fitting the cathodoluminescence oscillograms at 2.25 eV.
This curve clearly demonstrates that at temperatures above 170 K, both
bands peaking at 2.25 eV and 3.12 eV have the same exponential decay
stages.

Curve 2 also contains the values of the time constant T4y of the
exponential decay component, which are obtained according to the re-
sults of fitting the cathodoluminescence oscillograms at 2.25 eV. This
curve clearly demonstrates that at temperatures above 170 K, both
bands peaking at 2.25 eV and 3.12 eV have the same exponential decay
stages.

The temperature dependences of the time constants of the post-
radiation rise Tyse Of all three luminescence bands 3.12, 2.6, 2.25 eV
are shown by curve 5.

Curve 3 in Fig. 6 shows the temperature dependence of the pre-
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exponential multiplier 14(T), which is strictly antibate to the low-
temperature branch of the dependence Tgecay(T) (curve 1 in Fig. 6).
Curve 4 demonstrates the temperature dependence of the flash light sum
of the 3.12 eV luminescence band.

4. Discussion

Analyzing the above experimental results, special attention should
be paid to the sharp difference in the behavior of the temperature de-
pendences of the parameters obtained for the 3.12 eV luminescence
band in two temperature regions 77-170 K and 170-295 K (Fig. 6).

T = 77-170 K. The 3.12 eV luminescence decay kinetics of CsI:T1
crystal excited by the pulsed electron beam contains exponential decay
components with the time constants Tgecay and T exactly matching
those with the time constants 7; and t9, respectively, which characterize
the decay kinetics of the 3.1 eV luminescence excited in the A absorption
band [20]. The time constants Tdecay and 71 have the same temperature
behavior (curve 1 in Fig. 6). The flash light sum of 3.12 eV luminescence
band in this temperature range remains unchanged (Fig. 6, curve 4).

T = 170-295 K. At temperatures above 170 K, the stage of post-
radiation rise of the 3.12 eV luminescence band appears, which is
characterized with time constant 7, matching those of 2.6 and 2.25 eV
bands.

At temperatures above 185 K, stage of slow exponential decay with
time constant Ty, appears in the kinetics of the 3.12 eV band, which
matches the decay time constant T4y, Of the 2.25 eV band, caused by the
radiative annihilation of T1" localized excitons.

When the temperature rises from 170 K to 295 K, the flash light sum
of the 3.12 eV luminescence band increases sharply (Fig. 6, curve 4). The
observed increase in the intensity of the 3.12 eV band indicates the
existence of another recombination mechanism that is realized with the
phonon assistance. This mechanism provides 98 % of the total light sum
emitted by T1" ions in the region of 3.12 eV in response to excitation of
the crystal by a pulsed electron beam. This mechanism is discussed
below.

4.1. On nature of the center responsible for the 3.12 eV luminescence
band

The 3.12 eV luminescence band in CsI: Tl is effectively excited in the
longest-wave band of activator absorption with maximum at about 4.27
eV, which is called the A band [21,22]. The nature of this absorption
band is considered to be due to the electron transition Sg—°>P; of TI* ion
perturbed by the halide environment. In this connection, the 3.12 eV
luminescence band is caused by the reverse transition of TI* ion from the
triplet excited state >P; to the ground singlet state 1Sy [10].

However, we have provided experimental evidence in [7,12] that
inside the band gap CsL: Tl crystal with the activator concentration above
3.8.10~2 mol% (or 3.1073 mass%) is found the impurity conduction
band formed by the upper y sub-level of the 62P3,; excited state of TI
centers. We have also shown [13], that optical excitation in the A ab-
sorption band leads to the transfer of the valence electrons to the im-
purity conduction band and this has nothing to do with intracenter
transitions in the thallium ion. Undoubtedly, such approach necessitates
a fundamental revision of the existing conceptions about the nature of
the luminescence center responsible for the 3.12 eV band.

In this regard, it is important to note, that according to the above
results and literature data [10,20], in the decay kinetics of the 3.12 eV
luminescence excited as with a pulsed electron beam well as in the A
absorption band, there is a fast component with a time constant Tgg <
10 ns. This experimental fact leads to the conclusion that the 3.12 eV
luminescence appears due to an allowed by the selection rules electron
transition from the excited to ground level of the luminescence center.
The origin of the slow stages of decay should be considered to be due to
phonon-assisted processes of population of the radiative level from
lower levels.
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The scheme of luminescence center levels that most closely complies
with the data reported in Section 3 is presented in configuration co-
ordinates in Fig. 7.

The levels 1, 2 and 3 correspond to the ground state 'S, the singlet
1p, and triplet 3P; excited states of the center, respectively. The vertical
arrow shows the radiative transition 1P1—>150 with the frequency v;. The
curly arrows denote the thermally activated transitions from the lowest
triplet level 3P1 to the radiative level 1P1 (the left arrow) and the non-
radiative transition to the ground state 'Sy of the luminescence center
(the right arrow).

Let us denote the population of the levels 2 and 3 after instant pulsed
excitation as nyp and nzp and the probabilities of transitions between
them as py3 and psz. Then

d’lz — I’lz'@m + l/,)~dl + n3p32~dt (3)

dn; 4)

The probabilities of thermal transitions of the center from the
metastable state to the upper radiative and ground state are determined
by the Boltzmann relation:

— n3+(p32 + pa1)-dt + nypo3-dt

Pn = @n-exp( — AE3 /kT) ®)

P31 = wy1-exp( — AEs3 /kT) Q)

where o is the frequency factor; k = 8.62:107° eV/K, the Boltzmann
constant; AE, the energy of thermal activation.

The transition rate v, essentially exceeds psz, therefore the radiative
level 2 will be emptied quickly, for a time t = 1/v;, and further it will be
populated only from the state 3:

dny, = —dnz = n3(ps, + pa1)-dt (@]
By integrating (7) we obtain:

n3(1) = nzg-exp[—(ps2 + p1)-1] (8)
The luminescence intensity is proportional to the depopulation rate

of the level 2: I, = —dn,/dt. Assuming that the quantum yield is equal

to 1 and substituting (8) in (7) we obtain:

Lun () = nzo-exp[—(pz2 + pa1)-1] &)

Energy

N

Configuration coordinate

Fig. 7. Configuration coordinate diagram illustrating the electron transition in
Tl -ion.
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Thus, the luminescence decay kinetics is described by the exponen-
tial time dependence of the general form:

1(t) = Ioexp(~1/2)
where Iy = nzo(ps2 + p31) is the amplitude value of the luminescence

intensity after the excitation pulse depletion and 7 = pgzipsl is the char-

(10)

acteristic decay time.

The probabilities of thermal transitions ps2 and p3; in the expression
(10) are bound up with the temperature by the expressions (5) and (6).
Then Iy and 7 in (10) are temperature dependent, too:

1 1

= = an
P +pu wn-exp(—AEs/kT) + w3 -exp(—AEs /kT)

Considering that the transition p3; from the triplet level to the
ground state is non-radiative, the dependence Ip(T) can be represented

in the form:
AE;,
kT

Thus, as follows from (11) and (12), an increase in temperature
should lead to an increase in the flash amplitude Iy and, simultaneously,
to areduction in the duration of the afterglow t. The results of fitting the
experimental dependences 1 and 3 by equation (11), (12) are shown in
Fig. 6 by the solid lines. The parameters of the thermal activated pro-
cesses are presented in Table 1.

12

Io(T) = n30-w32-exp< —

4.2. On the mechanisms of radioluminescence excitation in CsI:Tl

Irradiation of CsL:T1 crystal by ionizing radiation gives rise to pairs of
band charge carriers, i.e. conduction electrons and valence band holes.
In scintillation crystals with high activator concentrations (0.24-mass
%), the electrons are captured by TI" ions with the formation of atomic
thallium - T1° centers; the holes are captured by thallium ions with the
formation of [TITV}] complexes called Vi, centers and TI™" centers.
Experimental evidences for the formation of Via centers in CsI:Tl crystal
exposed to ionizing radiation was given in [23]. It should be noted, that
irradiation of a heavily activated crystal CsI:T1 does not create Vy centers
in activator-free regions of the lattice. This is evidenced by the complete
lack in the spectrum of intrinsic luminescence bands caused by radiative
annihilation of self-trapped excitons (Fig. 1).

At temperatures below the temperature of thermal dissociation of
Via centers (~130 K [12]), pairs of spatially separated electronic (T1%
and hole (Vi or TI* ) centers are formed in the crystal. Recombination
of color centers holding the charge-carriers of the opposite sign occurs
by electron tunneling from TI° to the levels of Vi and TI** centers, that
is accompanied by luminescence in the region 2.25 and 3.12 eV,
respectively, which decays according to a hyperbolic time law with an
approximation index close to unity (expression (1)).

The presence in the decay kinetics of the 3.12 eV and 2.25 eV
luminescence of the fast component with the time constant Tgg < 10 ns
is due to the capture of the conduction electrons created by high-energy
radiation to the levels of TI™™" centers [24] and Vi centers in the com-
plexes [TITVi]:

€ o+ T (T ST + hvs ey 13)

€ 4 A [TV =TI (View =) |>TI 420 + hvasey 14)

These mechanisms dominate at low temperatures.
As shown in Section 3, at temperature above 170 K in the 3.12 eV

Table 1

Parameters of the best fit for the kinetics of the 3.12 eV luminescence band.
oz (™) AE3; (meV) w32 (€71 AE3; (meV)
5102 220 2.7-107 27
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luminescence band kinetics there appear the stages of post-radiation rise
and slow exponential decay with the time constants match those of the
rise and decay of the 2.25 and 2.6 eV luminescence bands. Occurrence of
these stages in the kinetics of the exciton bands is due to by thermal
dissociation of Via centers with subsequent formation of the complexes
[TlOVk] by the capture of mobile Vi centers by TI? centers [,12, 13]:

[TUV] + .+ TP LT+ [TV 15)

According to [13], disintegration of [TlOVk] complexes is caused by
tunneling of electrons from the thallium atoms on the levels of Vi centers
followed by formation of near-impurity excitons of two structural
morphologies responsible for the 2.55 eV and 2.25 eV luminescence
bands [10].

The probability of electron tunneling from a donor to an acceptor is
defined by overlap of the electron and hole wave functions, and expo-
nentially decreases with the donor-to-acceptor distance [25]:

p=1"~exp(r/ag) 16)
where ap is the half of Bohr radius of a charge carrier.

In the considered case, the donor (Tl0 center) and the acceptor (Vi
center) are located in neighboring sites of the lattice. So, one can expect
an increase of the overlap degree of the wave functions with the tem-
perature due to an increase amplitude of thermal vibrations of the
recombination partners. In our opinion, this gives rise to the diminution
of the luminescence decay time with the growth of temperature
(dependence 2 in Fig. 6).

The synchronous character of the rise and decay of the A lumines-
cence band and the exciton luminescence bands at near-room temper-
atures (Fig. 4), together with the same temperature dependences of the
decay time constants of all these bands at temperatures above 170 K
(dependence 2 in Fig. 6) strongly suggest that there is realized in CsL:T1
the mechanism of population of the radiative state of TI" centers during
disintegration of the complexes [TIOVk]. Implementation of such a
mechanism is possible due to the following two thermally activated
processes.

i) At temperatures above 170 K, the radiative complexes [TIOVk] are
formed due to capture by TI® centers of mobile Vy centers which appear
owing to thermal dissociation of the complexes [T1"Vy] [12]. While
considering the process of hopping migration of Vi centers in the bulk of
the scintillation crystal CsL:Tl, it is necessary to take into account the
following fact. Under the irradiation power modes used in the present
study for excitation cathodoluminescence the concentration of TI° cen-
ters is immeasurably (by ~ 10 times) less than the one of T1" ions that
should be considered sticking centers of mobile Vi centers at near-room
temperatures. This means that until the moment of the contact with T1°
centers, V| centers undergo multiple acts of interaction with T1" centers;
some part of these acts may result in the formation of stable TI*
centers:

Vit T+ .+ Ve + TS VTP + . 4+ TIT an

ii) As shown in [13], the act of spatial electron transfer from T to Vi
center in the complexes [TlOVk] with subsequent formation of near-
impurity excitons is preceded by electron transition from the ground
6%P, ,2 level of thallium atom to a more distant orbit - metastable the y
sub-level of the excited 62P3/2 state of T1° center:

tunneling

| prenelng T (Ve =) )=

[TV, 7)Y V,]

(18)
ST + hiyosey, 2557

In our opinion, during disintegration of the complexes [TlOVk] at
temperatures above 170 K there occurs phonon-assisted electron
transfer from the ground 62P; /3 level not only to the y sub-level, but also
to the y sub-level of 62P3, state of TI® center that forms the impurity
conduction band [13,14]. The recombination of the impurity conduc-
tion band electrons with TI™" centers created by reaction (17) is
accompanied with emission of A-luminescence:
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T + [(TP) V] Z2E [TV + e + T -

19
—)[TlJr Vk] + Tl+ + hV}.]ZeV

The course of reactions (18) and (19) is schematically illustrated by
the diagram of the levels of electron and hole centers in the band scheme
of CsL:Tl in Fig. 8. The solid vertical arrows show radiative electron
transitions, the wavy dotted lines signify non-radiative transitions with
subsequent formation of near-impurity excitons and excited T1" ions.

5. Conclusions

The temperature behavior of the activator luminescence kinetics
excited by a pulsed electron beam in CsI:Tl crystal in the temperature
range 77-295 K has been studied in detail. Based on the analysis of the
obtained experimental data, the main conclusions may be formulated as
follows.

It is shown, that two experimental facts: 1) the presence of the fast
stage with T < 10 ns in the decay kinetics of the 3.12 eV luminescence
band and 2) the inverse course of temperature dependences of initial
intensity of the said band and the time constant of its exponential decay
in the microsecond and sub-microsecond ranges, are best described in
terms of the model, according to which the 3.12 eV luminescence band is
caused by the 61P1 — 68y electron transition of TI' ion, which is
allowed by selection rules.

It has been ascertained that TI* centers in an excited state are formed
in CsL:Tl crystal in two ways:

(i) Arising under irradiation, electrons of the 6 s Cs* conduction
band are captured by TI*™ centers. This mechanism realized at
low temperatures (T < 170) is ineffective, since band holes in CsI:
Tl are captured by T1" centers with the formation of predomi-
nantly Via centers.

TI™" centers capture electrons of the impurity 6p T1* conduction
band. Both recombination partners the conduction electrons and
TI™" centers are created at temperatures above the dissociation
temperature of Vi centers: TI"" centers arise during multiple
collisions of mobile Vy centers with TI" centers, and electrons of
the impurity conduction band appear during the spontaneous
disintegration of donor-acceptor dipoles [TI°V,] which have
been created in the recombination process of Vy with TI° centers.
This mechanism provides more than 98 % of the flash light sum of
the 3.12 eV luminescence band at room temperature.

(i)

6s Cs" conduction band

6p TI" conduction band

r—— e _
| § + x == 62Ps/z
{ Y- 0
3 \ TI
{ 0.77eV
) 2
A P--- 6P,
(V&)X
3.1eV l
T — 2.3eV
—_——— e — - — - — V,

5p | valence band

Fig. 8. Scheme of electronic transitions in [(T19)*V,] complexes with the
populated y- and y sub-levels of the excited state of the TI® center in Csl:
TI crystal.
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The formation of [TIOVk] complexes in the recombination process
and their subsequent spontaneous disintegration control the lumines-
cence kinetics of both TI" ions and Tl-localized excitons at tempera-
tures close to room temperature. The discovered high-temperature
mechanism of the recombination process in CsI:Tl crystal allows for the
first time to explain unchanging the radioluminescence pulse shape
throughout the spectrum at room temperature.
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