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The Csl:Tl erystals are used with success
in visualization
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The causes of millisecond afterglow in Csl:T| crystals have been considered. The two
afterglow components with about 5 ms and about 60 ms characteristic time at RT have
been shown to be related to the trap disruption at 190 and 215 K. The thermostimulated
luminescence peak at 215 K is of extrinsic nature and is associated most probably with
barium cations in the form of single dipoles Ba2+—VC‘. In contrast to Ba2*, introduction of
Eu?* cations results in the afterglow attenuation. The aggregation of Eu2+—VC‘ dipoles in
a quenched sample has been found to occur during almost 10 min at RT. The afterglow
suppression mechanism in Csl:Tl,Eu crystals consists in that not only europium ions but
also other Me2?* type impurities are involved in the aggregation process. After the solid
solution decomposition and metastable aggregate formation, not millisecond but more
durable afterglow is observed in the crystals within the second and minute time ranges.

PaccMoTpeHbl IPUYMHBI MUJIINCEKYHAHOTO mocjecBeuenus kpucrtaupiaoB Csl:Tl. Ilokasauo,
YTO IBa KOMIIOHEHTa IIOCJIeCBEUEHUA C XapaKTepPHBIMU BpeMeHaMu ~6 um ~60 Mc mpu KOMHAT-
HO#l TeMmepaType CBA3aHBI ¢ paspymieHueM JoBymiek mpu 190 u 215 K. Iluk TepmocTUMYy-
JUpoBaHHO# JoMuHecuneHnuu npu 215 K nMeer nmpuMecHyY0 IPUPOLYy U HauboJiee BEPOATHO
CBSI3aH C KATHMOHAMM 0Oapus B BHUAE OJMHOUHBIX JIUIIOJE Ba2+—VC‘. B oraumume or BaZ*,
BBeJeHHe KaTHOHOB EU2* IpMBOANT K CHUKEHMIO mociecBeueHns. I[OKABAHO, UTO Arperamys
IUIIoJIeH Eu2+—VC‘ B 3aKaJleHHOM oO0pasme 3aHuMaeT He Oosiee 10 MUH Opu KOMHATHOI
Temreparype. Mexanusm mojgasieHus mocjecBedenuss B Kpucrajaaax Csl:TLEu cocrour B
TOM, UTO B IIPOIleCC arperamuy BOBJIEKAIOTCSA He TOJHKO MOHBI €BPOIUS, HO IPYTue IIPUMecHu
ruma Me2*. Tlocie pacmaza TBEPLOTO PACTBOPA M OGPASOBAHMUA METACTAGUILHBIX AIDETATOB B
Kpucrasitax Habiiomaercad He MUJIIMCEKYHJIHOe, a 0ojiee NIUTENbHOE IIOCIeCBeYeHUe B ce-
KYHIHOM M MUHYTHOM [JHAaIla30He BPeMeH.

systems, such as to-
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However, the conclusions made in those
works are in contradiction with the known

mographs, introscopes, etc. [1]. A high af-
terglow (AG) level of those crystals is extre-
melt undesirable for such applications, be-
cause AG deteriorates considerably the
image quality [2]. Recently, numerous pub-
lications are appeared (e.g., [2—5]) dedicated
to the AG attenuation in Csl:Tl crystals. In
particular, crystals doped additionally with
Eu?* [3-5] or Sm2* [2] are considered. The
introduction of those dopants provides a
considerable reduction of the AG level.
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concepts of the effect of divalent dopants on
the AG of Csl:Tl crystals. The same authors
stated before [6] that cations such as CaZ*
or Ba2* cause a noticeably increased AG. A
similar conclusion was drawn in some pre-
vious works [7, 8]. The TSL curves pre-
sented in those works show clearly that
Cd2* or Ba?* cations favor the Vg type hole
color center formation about 215 K, that is,
just in the temperature region which is as-
sociated with the millisecond AG [9].
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Fig. 1. TSL curves for CslTI,Ba (I) and
Csl.TLEu (2) crystals. Irradiation with 7y
source 24'Am (60 keV, 1.8 Ci) at 77 K for
15 min. The heating rate p = 0.04 K/s. For
comparison, TSL of a conventional Csl:Tl
crystal is shown (3).

Consideration of TSL curves from [3, 7,
8] has shown that the absence of the TSL
peak near 215 K is typical of Csl:TI,Eu crys-
tals. This statement is confirmed fully by
our results. In Fig. 1, presented are the
TSL data for Csl:Tl crystals with the same
Tl concentration (Ct;=0.09 % mol.), but
with different co-dopants: BaZ* (curve 1)
and Eu?* (curve 2). The doping admixtures
Bal, or Eul, were added to the raw materi-
als in an amount providing the concentra-
tion of the corresponding ions in the crystal
of the order of (2-4)-10~* % mol. A special
purified salt containing the above impuri-
ties in amounts lower that the detection
limit thereof by chemical analysis has been
used for crystal growth. It is seen from Fig.
1 that Me?* ions stimulate an intense 215 K
peak in one case while in the other one
(Eu2*) this peak is absent; instead, a rather
intense peak is observed near 295 K.

It follows from Fig. 1l and the conclu-
sions from [9] that the millisecond after-
glow is connected with 190 and 215 K TSL
peaks deterioration. Since the AG decay for
those crystals in the 2 to 100 ms shows two
components with 11 ~ 5 ms and 159 ~ 60 ms, it
is logical to associate t; with the 190 K peak
deterioration while 15, with the 215 K peak.

The mentioned behavior difference of
Me2* impurities can be explained basing on
[10] aimed at aggregation of Eu2*-V ™ cen-
ters in alkali halide crystals, including Csl.
It is stated in the work cited that Eu2* ions
show a trend to aggregation, especially
within the Csl lattice. The aggregation goes
efficiently even at temperatures lower than
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the room one and results in formation of
so-called trimers 3(Eu?*-Vy~), see Fig. 2a.
According to EPR data, the number of indi-
vidual dipoles at room temperature is negli-
gible, substantially all the Eu2* are gath-
ered in complexes.

The conclusions given in [10] can be
checked in experiment also for Csl:Tl crys-
tals. Following the guidelined from [10], we
have quenced a CslTIL,Eu crystal from
800 K. The AG level was measured using a
Heimann NPG3 unit. The anode current of
a X-ray tube was 0.6 mA at 140 kV volt-
age. The AG;yy was determined 100 ms
after the 1 s long exciting X-ray was over;
the samples were shaped as 20x20x4 mm3
plates. The AG measurement results prior
to and after the quenching are presented in
Fig. 3. The AG value amounted 0.3 % for
the unquenched sample and increased up to
2.6 % immediately after the quenching. It
is notable that the relaxation of the
quenched sample was very fast, the AG was
reduced to the practically initial level dur-
ing 9 min. This result agrees well with the
statement [10] that the Eu dimers aggrega-
tion occurs even at T < 300 K. The quench-
ing from lower temperatures (550 and
650 K) does not result in any substantial
AG increase, only its insignificant amplifi-
cation by 0.2-0.4 % being observed. It is
just the crystals with TSL corresponding to
the curve 2 in Fig. 1 that were subjected to
quenching.

Let the results obtained be considered
from another viewpoint. The initial "special
purity for crystal growth” ("speg”) grade
Csl is known to contain always a certain
amount of Me2* impurities [11], the Ba2*
(up to 1-1073 wt%) and Ca2* (up to 5-10~
4 9%) being ones of most importance. It is
appropriate to mention that Ba(OH), is used
to precipitate sulfates in the mother liquis
during the salt synthesis. Our experience in
Csl:Tl crystal growing from the "spcg”
grade salt evidences that the grown samples
show always a rather intense AG;y, and a
clear storage near 215 K although causing
no pronounced peak (cf. Curves 1 and 38 in
Fig. 1). An obvious way to reduce AGyyg is
a deep purification of the raw salt. An ad-
ditional purifiaction of the melt [12] is well
known to provide the AG;yy reduction by
several times [13]. Basing on those consid-
erations, the initial salt contamination with
MeZ* cations can be suggested to be a sub-
stantial factor worsening the AG%OO charac-
teristic. Among those cations, Ba“* ones are
most isomorphic to the Csl lattice [14] and
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Fig. 2. A model of trimer (a) in the Csl lattice according to [10]. A schematic image of a mixed
trimer (b) consisting of two Eu2* and one Ba?* cations.

least tending to aggregation, because Ba?*
ionic radius (r = 1.56 A for coordination
number 8) is close to that for Cs* (r=
1.74 A). The luminescence of Ba2*-V,~ di-
poles was studied in [15], the results show
that the dipole decomposition is slow, since
the gradual evolution of luminescence spec-
trum can be observed during several
months. In contrast, as it follows from Fig.
3 and data from [10], the Eu?*-V~ dipoles
are decomposed during several minutes. The
decomposition products are trimers shown
schematically in Fig. 2a. The decomposition
is caused by a considerable difference be-
tween Cs* and Eu2* (r = 1.39 A) ionic radii,
that is pointed in numerous works (see,
e.g., [10, 14]).

It is rather reasonable to suppose that
not only Eu?* but also other Me2* cations
are included in the trimers. Fig. 2b shows
schematically a mixed trimer consisting of
two europium and one barium ions. In our
opinion, it is just the migration process of
mobile Eu2*-V~ dipoles to stable Ba?*—V~
complex that results in disappearance of en-
ergy storage near the 215 K peak and the
AGygg reduction. After the solid solution
decomposition and formation simple and
mixed aggregates in the crystals, not the
millisecond afterglow but a more prolonged
one (in second and minute ranges) associ-
ated with the deterioration of 295 K TSL
peak that was observed in [5], see the curve
2 in Fig. 1, too. It is to note that our re-
sults refer to the second component of the
AG decay (15 ~ 60 ms). To elucidate the na-
ture of the 1; ~ 5 ms, that is connected, in
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Fig. 3. Afterglow level of a Csl:TI,Eu crystal
prior to and after quenching from 800 K.

our opinion, with the intrinsic lattice struc-
ture defects, additional studies are neces-
sary.

The conclusions can be formulated
briefly as follows. The Csl:Tl crystal after-
glow is increased due to Eu?* ions, similar
other Me2* impurities. If the imputity is in
the Eu2+—VC‘ state (single dipoles), such
crystals show a substantial millisecond af-
terglow associated with decomposition of VF
type hole color center near 215 K. After the
solid solution decomposition and formation
of metastable aggregates, the afterglow in
second and minute range is observed in the
cryctals. A distinctive feature of Eu2* ions
in the Csl lattice is a high aggregation rate
that occurs even at temperatures lower than
room one. The trimer formation process
from single dipoles at RT lasts maximum
10 min. The proposed afterglow suppression
mechanism in Csl:TI,Eu crystals consists in
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that not only europium ions but also other
Me2* impurities are involved in the aggre-
gation process. For example, the trimer core
may be formed by low-mobility Ba2*-V~ di-
poles. The FEu2* concentration exceeding
considerably the background level of Me2*
impurity ion content is the indispensable con-
dition for reduced millisecond AG. It is to
take into account that a fraction of Eu2* in-
teracts with oxygen-containing impurities in
the melt with europium oxide formation [16].
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MexaHi3M NPUTHIYEHHS MiJIiCEKYHIHOTO MiCASACBIiTIiHHS
momimkoio Eu?* y kpucramax Csl:TI

A.M.Kyodin, A.B.Illkoponamenxo, H.B.Oséuwapenko,
B./l.Anexcees, JI.H.Tpeginosa, A.JI.IlInunincoexa

Posrasinyro mpuuymHu MimicekyugHoro micasicBitimas kpucranis Csl:Tl. Ilokasano, mio
IBa KOMIIOHEHTHU IicJAfACBiTIHHA 8 xapaKkTepHUMHU dYacaMu ~5 Ta ~60 Mc mpum KimHaTHI
TeMIepaTypi moB’sfsaHi 3 pyiiHyBaHHAM macTok mpu 190 ta 215 K. IIik TepMocCTUMYJILOBA-
Hol JioMiHecneHIii npu 215 K mae momimikoBy mpupony Ta NoB’ssaHUil HaliiMoBipHimie 3
Kariomamu Oapiro y (GopMi OKpeMMX IUIIOJIIB Ba2+—VC‘. Ha sigminy iz Ba2*, BBegmenus
karionis Eu?* OPU3BOAUTH [0 3HUKEHHs IricasicBirimusa. Ilokasano, mio arperaiisa guIoJis
Eu2+—VC‘ y B8arapToBaHOMY 3pasKy TpuBae He Oinbire 10 xB mpu KimMHaTHi# TeMmepaTypi.
Mexauism mpurnivenus niciasceitinusa B kpucrajax Csl:Tl,Eu monsirae B Tomy, mo go mpo-
mecy arperamii 8ayd4aloTHCA He TLABKM iOHE eBpomiloo, axe ¥ immi gomimkwm tumy Me2*.
ITicnis posmamgy TBepAOro po3UuMHY Ta YTBOPEHHS MeTacTabiipbHMX arperaris y Kpucrajaax
crocrepiraeTbcsa He MiJgicekyHmHe, a OiJbIIl TpuBaJe MMiCASCBITIHHS y CEKYHIHOMY Ta XBHU-

JUHHOMY [iamasoHax dyacy.
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