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1. Introduction

Borate single crystals are today under intense study by
many researchers as new materials for non-linear optics,
acoustoelectronics, piezotechnique and dosimetry. In this
work, an attempt is made to review the research results
concerning the main physical and physico-technical prop-
erties of most effective borate single crystals from the
standpoint of perspectives of their practical use.

It was just lithium tetraborate Li,B4O; (LTB) first
synthesized in England [1] that was under the first borates
in development. Its practical importance consists in that
its piezoelectrical parameters exceed those of quartz and
the temperature coefficient of frequency (TCF) is zero in
the room temperature range, thus defining its use in fil-
ters for surface acoustic waves (SAW) and resonators of
bulk ones (BAW) [2-4]. Moreover, the LTB ctystal is a
superionic conductor [5]. Later, this crystal has been
found to be of promise in the scintillation engineering
field [6-8]. Copper-activated LTB crystal is described as
an efficient material for high-temperature dosimetry [9,
10]. Single crystals of LTB doped with rare-earth ele-
ments have been obtained providing an improved thermo-
stimulated luminescence (TSL) yield [11].

Further researches have been resulted in the discov-
ery of a high non-linear optical efficiency of barium bo-
rate BaB,Oy crystals (BBO, S-modification) [12] and in
lithium triborate LiB;O5 (LBO) ones [13, 14] showing
also a high resistance against laser radiation with the
wavelength A = 1.064 yum.
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Another effect of importance has been realized in bo-
rate single crystals, namely, the non-linear optical trans-
formation of the laser radiation at A = 1.064 pm into
second harmonics at an efficiency up to 30 % in the excit-
ing beam direction. This was attained first using
AIY(BO3) crystals [15, 16] and LaBGeOs ones [17, 18].
Recently, Ln,Ca3(BO3)4 (Ln =Y, La, Gd) [19] and
(Ln:Sc)4.4Cey(BO3)4 (Ln=Nd, Pr, Er-Yb) [20] crystals
have been found to be of promise for that purpose.

Materials with good prospects in scintillation engi-
neering and dosimetry of radiation and corpuscular fluxes
have been found among borate compounds. These in-
clude, besides of above-mentioned LTB, InBO:Tb [21],
LaB3;0g4, LaMgBs0O,j and LigGd(BOs3); [22-24] crystals
doped with cerium and other rare-earth ions.

2. Specific structure features of borate com-
pounds

About 65 % of known borate compounds have crystallo-
chemical structures characterized by BO5 triangles which
are either isolated or joined with each other. Such ani-
onic units form ionic bonds with metal cations. Such struc-
tures are typical for ortho-, pyro-, and methaborates.
About 50 % of borate compounds exhibit crystal struc-
ture including polyanion (B,O,,). In polyborates, the tri-
angles are joined both with each other and with tetrahe-
drons by the common oxygen atom. In the latter case, the
number of possible combinations is very large. Fig. 1
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Fig.1. Fragment of boron-oxide compound structure.

presents some variations of triangles and tetrahedrons
combinations in tri-, tetra-, and pentaborates [25].

Consideration of data available from Bonn data bank
on inorganic structures (ICSD) as well as of literature
data on structures of alkali, alkali-earth and rare-earth
borates has shown that about 30 compounds have non-
centrally symmetric unit cell structure. This feature de-
fines the specific properties of most of borate crystals
now in use, both non-linear optical (LBO, BBO) and
acousto-optical (LTB) ones.

It is just the rigid polymeric boron-oxygen skeleton
having voids where Li* cations are positioned that de-
fines the crystal lattice of alkali borates, e.g., of lithium
tetraborate LTB, [26-28]. In rare-earth borates, it is just
coordination polyhedrons of heavy polyvalent cations
that form the structure base. The anionic sublattice is in
this case of no significant importance. So, in lithium-
gadolinium borate, the crystal structure consists of Li
and Gd polyhedrons linked into a three-dimensional
mixed skeleton by island BOj5 triangles. Alkali-earth metal
borates (barium beta-borate BaB,Oy4[29]) and some rare-
earth metal borates (e.g., lanthanum methaborate
LaB304[30]) form structures including a polymeric skel-
eton consisting of two-dimensional boron-oxygen com-
plexes joined together with metal cations by ionic bonds
with nearest O ions.

SQO0, 3(3), 2000

A large number of boron atoms per unit cell (\°B iso-
tope), the presence of Li atoms (Li isotope) and rare-
earth elements ones, e.g., gadolinium (133:17Gd isotope)
allows for the use of borate crystals as a base for inor-
ganic scintillators exhibiting fast-action combined with
a high light yield to detect thermal neutrons as well as X-
rays and gamma radiation. The directional covalent B-
O bond provides a small Stokes shift and a rather high
thermal stability of luminescence.

3. Growing of borate single crystals

Since borate compounds melt congruently or under de-
composition, or exhibit polymorphic phase transitions,
their growing methods are to be varied. For example,
there are 5 chemical compounds of the Li,O-B,0j5 sys-
tem, and of those, only LiBO, and Li,B40; melt congru-
ently and have no phase transitions within the tempera-
ture range from ambient one to the melting point. LiB;Os5
and InBO;5 melt under decomposition (at 834 and 1100
°C, respectively) [31]. BaB,Oy4 exists both in a and b modi-
fications (the high-temperature phase melts congruently
at 1105 °C and in the course of cooling it becomes trans-
formed into the B-phase at 925 °C). Moreover, the pres-
ence of boron-oxygen complexes brings about a tendency
to polymerization and causes a high viscosity of the melt.
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A stage of importance in the single crystal production
is the initial charge synthesis. It is well known [32] that
the most widely used method of the charge preparation to
grow single crystals of congruently melting compositions
is the solid-phase sintering of corresponding oxides or
carbonates mixed in stoichiometric ratios. The sintering
is performed at pre-melting temperatures for several hours,
the synthesized compounds are subjected to repeated
grinding operations to improve the homogeneity. The
solid-phase method allows to obtain fine-grained mixtures
containing up to 95 or 98 % of the main phase. There is
also a more simple method of the charge preparation; it
is, however, less effective, according to experimental data
[33]. This method consists in that initial oxides or carbon-
ates taken in stoichiometric ratio are melted after thor-
ough mixing. To improve the melt homogeneity, it is ex-
posed for several hours prior to growth. In the case when
the compound to be used melts non-congruently, the ratio
of initial components is selected depending on the flux
used, taking into account that the crystal to be grown
should have the stoichiometric composition and the speci-
fications for the dopant(s) content should be met.

In most cases, single crystals of compounds melting
congruently and exhibiting no polymorphic transforma-
tions are grown from the melt using the Czochralski tech-
nique[32]. Among borate compounds, Li,B4O7single crys-
tals are grown by that method [34-36]. According to our
experience, the method can be also used to grow LaB3;Ogq

Table 1. Growth conditions of some borate crystals.
*- non-centrosymmetrical crystals;
1- original data; 2- [41]; 3- [42]; 4- [43]; 5- [44]; 6- [45]; 7- [18].

and LigGd(BO3); crystals [37-39]. Other types of single
crystals under consideration which exhibit polymorphic
transformations or non-congruent melting are grown
mainly from solutions in melted fluxes (solvents). Boron
oxide B,Oj3 or other low-melting boron, chlorine, fluo-
rine, etc. Compounds are used as a rule to that end. Two
methods of single crystal growing from solution in melt
have been studied: (i) spontaneous crystallization and (ii)
pulling on a seed under simultaneous lowering of the so-
lution-melt temperature. The second technique is preferred
since it allows to grow large-size single crystals [40].

Some data on the growing conditions are presented in
the Table 1. Growing conditions for more complex bo-
rate crystals mentioned in the introduction (AIBO, LCBO,
L:SCBO, etc.) are now under study.

4. Properties of most efficient borate single
crystals

Non-linear optical and piezoelectric properties

Lithium triborate LiB;O5 (LBO) and barium beta-bo-
rate BaB,O4 (BBO) single crystals are unique non-linear
(NL) optical materials. High values of non-linear opti-
cal coefficients, wide phase synchronism region, high UV
transparency and high radiation resistance are typical
for these crystals [46, 47]. Maximum values of non-lin-

Crystal Symmetry | Melting, T°C Growth method Growth conditions Crystal size,
dxh, mm
ool °C/h | 8, mm/h | w,min"! | 30x40!
Li,B4O07* |l4icd (4mm)| congruently Czhochralski, - 0.5-1 15-25 80x70?
917) Bridgmen 0.3 82x2003
B-BaB,O,* R3(3m) |phasetransition | fromsolution 0.154 0.04-1.5| 20-40 5%154
(925) in melt Na,O
LiB;Os* Pna2,; noncongruently | from solution 0.008-0.08| 0.04 <10 35x15°
(mm?2) (834) in melt (spontaneo-
usly and on the seed)
InBO; R3c noncongruently Spontaneously 3 - - Plate
(1100-1150) crystallization from 2x2x16
solution LiBO,
LaBGeOs* P3, congruently Czhochralski - 1 15-25 25%507
(1150-1200)
LaB30q C2/c(2/m) | congruently from solution in 0.3 0.7 15-25 15x8!
(1141) melt, Czhochralski
LigGd(BO3)3| P2,/c(2/m)| congruently Czhochralski 20 1 10-20 20x15!
(850)
412 SQO0, 3(3), 2000
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earity efficiency in the synchronism direction exceed those
for KDP and DKDP non-linear crystals and yield only
to KTP. On the other hand, the radiation resistance of
borate crystals mentioned is record and exceeds signifi-
cantly all known NL crystals, including KTP. The ra-
diation resistance of BBO single crystals is 50 times higher
than that of KTP ones while LBO crystals exceed BBO
almost twice in that parameter (see Table 2).

LTB single crystals are efficient piezoelectrics and
non-ferroelectrics. Extremely high values of piezoelec-
tric coefficients exceeding those of quartz as well as elec-
tromechanical coupling coefficient values typical for
LTB and exceeding almost 10 times those of quartz al-

lows for its use in acousto-electronics as SAW filters and
BAW resonators (Table 3) [48, 49].

5. X-ray and photoluminescence

In principle, the detection efficiency must be rather high
when borate crystals are under irradiation. Neither neu-
trons nor X- and gamma-quanta cause ionization in a
direct manner but they loss a fraction of their energy when
passing the sample; as a result, charged particles are

formed. The beam attenuation follows the law f= 1-¢"X4

where d is the sample thickness; K, absorption coefficient
of the specific radiation [50]. It is well known that differ-
ent interaction processes with a substance take place, de-
pending on the energy of the primary exciting gamma
energy: photoeffect, Compton dissipation, electron-posi-
tron pair formation and photonuclear reactions [51].

Neglecting the latter probability, let us point to the
radiation-stimulated processes in borate crystals that are
most efficient in our opinion:

108 + n(6.3 %) "Li (1.01 MeV) + a(1.78 McV)
108 + n(93.7 %) TLi* (0.84 MeV) + a(1.47 MeV)
l
TLi* (0.84 MeV) - 7Li + §(0.48 MecV)
Natural abundance of B 18.5 %, thermal neutron cap-
ture section of 1B o= 4010 b [52].
SLi+n - 3H (2.75 MeV) + a (2.05 MeV)

Natural abundance of °Li 7.5 %, thermal neutron cap-
ture section of °Li 0 = 945 b. Its advantage is a great
amount of energy emitted [53].

Table 2. Nonlinear optical properties of b-BaB,0,4 and LiB30Oj5 single crystals [46,47].
d¥ i KDP ~ d? . SiO5 = [(0.29-0.36) 10712 m/V for A = 1064 nm;

l(ﬁ-BaBZO4) I I(KTP) ~ 50, l(LiB305) I I(B—B3B204) ~ 2,3

Crystal ~ Transparent Refractiveindex = Damage threshold, Effective SHG coefficients Phase matched
Waveband, Tat 1064 nm in the wavelength range, nm
m radiation range 410-3500 nm

B-BaB,O, 190-3500 A =1064 nm 12.9 J/em? doifSHG / d3sKDP = 3.9 0.205-1.5

ny,=1.6545, n,=1.5423, (1.3 ns)
A=532nm
n,=1.6743,n,=1.5549
LiB;05 160-3500 A =1064 nm 24.6 J/cm? doifSHG / d3sKDP = 1.5 0.276-1.5

n,=1.5656, n,=1.5906

n.=1.6055, A =532 nm

n,=1.5785, n,=1.6065
n.=1.6212

(1.3 ns)

Table 3. Main piezo- and acoustoelectric parameters of Li,B405 and SiO, single crystals [48,49].

Li,B407 single crystal

a-quartz single crystal

Piezoelectric strain const,10"12 C/N
d15 = 807, d31 = 72.58, d33 =194

Piezoelectric strain const,10"12 C/N
d]] = 228, d14 =0.85

Coupling K> (X-cut, Z-propagation —
thermostable cut, TSD = 0)
1.2%

Coupling K2 (ST-cut, TSD = 0)

0.15%

SQO0, 3(3), 2000
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1335Gd + n - 1%Gd + y+ conversion ¢ (0.039 - 0.199 MeV)

Natural abundance of 13°Gd 15 %, thermal neutron cap-
ture section of 1°Gd o= 17,000 b.

157Gd + n - 138Gd + y+ conversion e (0.029-0.182 MeV)

Natural abundance of 13°Gd 15 %, thermal neutron cap-
ture section of 1¥’Gd o = 70,000 b [24].

When a neutron is trapped by !B, a yquantum and
an a particle are formed. Thus, this reaction offers the
advantage to make it possible to detect the neutron both
as the gamma quantum and the a particle. Perhaps the
use of °Li is more preferable, since rather great energy
(43.8 MeV) is released at the neutron trapping, that en-
ergy is partitioned between the a particle and tritium
atom. The interaction of '>15’Gd and with a neutron
results in formation of conversion electrons having ener-
gies shown in corresponding reaction schemes and gamma
quanta. However, the presence in the lattice of isotopes
with great neutron capture sections in high concentra-
tions is undesirable, since it results in formation of high-
energy isotopes favoring the worsening of the signal-to-
noise ratio at the scintillator output.

Original data characterizing the scintillation effi-
ciency of borate compounds are summarized in Table 4.
Itis just LaB3;Og and LigGd(BO3)3:Ce* crystals exhibit-
ing high light yields that may be of most interest. Due to
not too high Zand density values, these crystals can be
used in detection of gamma radiation in low and moder-
ate energy ranges (up to about 10 MeV). Preliminary
calculations have shown that absorption coefficients for
LaB3;0g4 and LigGd(BO3);5 in the low and moderate en-
ergy range are comparable in the order of magnitude
with those of gamma radiation for such traditional scin-
tillation crystals as Nal(Tl) and CaWOy.

Doping of LTB with rare-earth elements Eu, Ce, Tm
does not result in a considerable improvement of light
yield in the case of low-energy range irradiation. In con-
trast, both light yield and dosimetric characteristics be-
come improved significantly when copper is used as the
dopant. Thus, the material may be considered as a po-
tential tissue-equivalent scintillator for detection of low-
energy X-rays and gamma radiation. According to pre-
liminary estimations, the light yield of all other com-
pounds is much less than that of Nal(TI) crystals.

Table 4. Some characteristics of new boron containing scintillators.

Compound [Dopant | Emission, 7,ns Light yield, Zefr Density, | Effect of State
nm photon/MeV g/em? Thermo-
luminescence
Photo | P.P.
LiB305 - 310 7.29 16.97| 2.47 YES CRYSTAL
Li,B407 - 330 |<2/5-6/50-100 200 7.26 |7.05| 2.44 YES CRYSTAL
Ce 330, 360 YES CRYSTAL
Eu 330, 589,
614, 652 YES CRYSTAL
Cu 330, 370 YES CRYSTAL
LaB30q¢ - 342 2 000 44.5 130.9| 4.18 YES CRYSTAL
Ce 360 NO CRYSTAL
LigGd(BO3);| - 313 >us 46.3 |28.4| 3.5 NO CRYSTAL
Ce 395 38 17 000 NO CRYSTAL
[-Ba,B,0; | Ce, Al, 440 46.5 |35.1| 3.83 POWDER
Sr
CaBa3;BgOq4 | Ce, Na 440 43.7 130.99 POWDER
SrBa;BgO;¢ | Ce, Na 440 43.9 |32.3 POWDER
LaCaBsOyy | Ce 420 38.96|24.3| 4.1 GLASS
LaMgBs04, | Ce (y) 425 39.4 |23.9| 3.87 YES GLASS
Ce, Gd 425 NO GLASS
Pr 350, 600 Sus YES GLASS
Eu 590, 615, YES GLASS
700
414 SQO0, 3(3), 2000
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A rather comprehensive information on processes re-
sponsible for scintillation characteristics can be obtained
by studying the photoluminescence and X-ray lumines-
cence spectra, since those data allow to estimate to a cer-
tain extent the scintillation efficiency of new materials.
Since the scintillation efficiency of undoped LTB crys-
tals is low, those were doped both with rare-earth ions
and copper [9-11]. Our preliminary studies have shown,
however, that the rare-earth doping does not result in
any significant increase of the light yield under X-ray
excitation in the range of 30 keV, that is, the excitation
energy transfer to the activator is ineffective in these con-
ditions. The copper doping causes a considerable increase
in the X-ray luminescence intensity near 370 nm. A simi-
lar emission region is found at the photoexcitation by
235 nm wavelength. The nature of that luminescence has
not been discussed in detail in literature, but that effect
can be supposed to be associated with intracenter transi-
tions in Cu* [11].

In Fig. 2, X-ray luminescence spectra are presented
for undoped and Ce?* doped LaB;Og crystals. It is seen
that the X-ray luminescence spectrum of the pure crystal
is characterized by a maximum at 342 nm [37,54]. At
present, it is not possible to conclude unambiguously
about the nature of this emission but it is likely associ-
ated with emissive relaxation of autolocalized excitons
that is typical for oxide crystals [55]. The introduction of
Ce?* results in a sharp intensity drop and the lumines-
cence maximum shift towards 360 nm region [38].

The situation is somewhat different in the case of
LigGd(BO3)5:Ce?* single crystals (Fig. 3) [39,56]. In this
system, a good overlap exists between emission region of
Gd3* ion ®P; transitions and absorption one of Ce** ion
4f-5d transition and, as a result, the excitation energy
transfer is efficient. Moreover, Gd is present in the main
lattice, thus increasing the density and Z.¢ and, respec-
tively, the radiation absorption coefficient. As an X-ray
or gamma quantum is absorbed, the formed free carriers
cause excitation of Gd3* ions followed by the excitation

I, a.u.

250 300 350 400 450

A, nm

Fig.2. Spectra of X-ray luminescence of: pure LaB3;Og¢ (1), acti-
vated by 0.5 atom % Ce (2).
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energy transfer on to Ce>* centers through the sublattice.
The efficiency of that process is confirmed by experimen-
tal data. Under photoluminescence excitation of an
undoped crystal in 245-255 nm and 276 nm regions cor-
responding to transitions from the ground 355, state of
Gd** ion to excited °D; and °P; ones, respectively, the
luminescence with a maximum at 313 nm was observed
caused by the emissive relaxation of 6Pj 88> transitions.
When the crystal is doped with cerium, an intence broad
band with 395 nm maximum and characteristic afterglow
time 38 ns appears in the luminescence spectrum; this is
due to 4f-5d transition of Ce3* ion; moreover, this band is
excited in the excitation region of Gd3* ion luminescence.
As Ce concentration increases, the 313 nm maximum in-
tensity reduces, while that of 395 nm peak increases.

6. Thermostimulated luminescence of LTB
single crystals

Maxima on thermoemission curve of undoped crystals
correspond to temperature values 365, 414, 473, and
538 K (Fig.4,a). The depth of traps responsible for the
TSL peaks is 0.73, 0.83, 0.95, and 1.0 eV, respectively,
as estimated using Urbach method [57].The induced ab-
sorption (IA) spectrum of the undoped sample consists of
four individual bands at 235, 285, 321, and 352 nm wave-
lengths (Fig. 4,b). The Gaussian maxima are shown by
arrows. The same Figure presents IA spectra of LTB af-
ter isochronic anneals in temperature range from 340 to
650 K at 25 k intervals, the exposure time was 5 min. Itis
seen from comparison of thermostimulated luminescence
and thermal bleaching curves of irradiated LTB shown
in the Figure that the thermal bleaching occurs in the
region of main TSL peaks, thus evidencing that the latter
correspond to the certain absorption bands.

To determine the possible localization sites of the trap-
ping centers, irradiated LTB crystals were studied by X-
ray structure analysis. The occupancy coefficient im-

I,a.u.

300 350 400 450 500

A, nm

Fig.3. Spectra of X-ray luminescence of LigGd(BOs3)3 activated
by 1 atom % Ce (1), 3 atom % Ce (2).
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0.06 |-

0.05 |

0.04 | , | | |
220 260 360 340

A, nm

Fig. 4. Thermoluminescence data (a) and absorption (b) of additively colored Li,B40; single crystal (non-doped). 1- before thermal

annealing, 2- after thermal annealing at 414K, 3- after thermal annealing at 630K. Gaussian maximum is pointed by arrow.

proved by calculation of the irradiated LTB crystal struc-
ture shows a deficiency in Li, B(2) and O(1) atoms in their
crystallographic positions (Ky ;= 0.93(2), Kp(2) = 0.957(9)
and KO(]) = 0983(5)

The absence of B(2) atoms in their crystallographic
positions may be due to boron displacement from the crys-
tal lattice site, e.g., into an interstice, as it has been shown
for LBO and LTB crystals [58,59]. In our opinion, the
vacancy formation is hindered in this case, since this
would require the breaking of too many covalent B-O
bonds. Li atoms deficiency in their crystallographic po-
sition is the greatest as compared to other components of
the LTB crystal lattice; perhaps this is due to ionic bond-
ing of Li with anionic LTB sublattice as well as arrange-
ment of its ions in the voids of the dense anionic skeleton.
This fact points to the preferred defect formation near
those ions. Such a defect, being a negative charged one,
can trap a hole and form a hole O -center [60] that is
realized most likely on O(1), O(2) and O(3) atoms near-
est to the Li* (Fig. 5).

Since it is just (B4Og)® clusters that are stable forma-
tions in the LTB crystal lattice, atoms O(1) connecting
such structure blocks are strengthened to the least ex-
tent, so the irradiation-induced defects should arise most
probably in these sites of the anionic sublattice. This sup-
position is confirmed by the deficiency of O(1) atoms in
their crystallographic positions (Kg1)= 0.983(5).It is just
the oxygen vacancy that is supposed to be such a radia-
tion-induced defect [8,59]. Formation of such a defect in
the LTB crystal lattice results in a local excess positive
charge arising in the defect site, thus, formation of F*-
and F- centers is to be expected.

The additional absorption band with the maximum at
321 nm can be attributed to the F*-center while that at
352 nm, to the F- one. The temperature dependence of
321 nm and 352 nm band intensity (Fig. 4,b) confirms
that both bonds correspond to the same defect in different
charge state, namely, to an oxygen vacancy having
trapped one electron (F*-center) and two ones (F-center),

416

respectively. In the region of hole center thermal decom-
position, the F-center concentration becomes reduced due
to hole trapping by these centers, resulting in an increased
number of F*-ones. A similar phenomenon is observed in
the BeO oxide-type crystal [61]. It is known also that the
calculated F*-center model in LiB;O5 crystals must have
an absorption band with a maximum at 320 nm [62] while
it is just F-center that is responsible for the absorption
band with a maximum near 345 nm in the irradiated gado-
linium-gallium garnet crystal [63]. The absorption bands

Fig. 5. Structure of Li,B40; (a = 9.479, ¢ = 10.286 A, space group
14,cd). The basic structural unit (B4O9) marked by thick lines.

SQO0, 3(3), 2000
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at A =235 nm and A = 285 nm are like to be associated
with the trapping levels of O~ - hole center found before
in LBO subjected to electron bombardment and in neu-
tron-irradiated LTB crystals [59,60].

Thus, the combined study of TSL, optical absorption
and radiation defects in LTB evidences that thermal emis-
sion is due to recombination processes involving the main
point defects, namely, oxygen vacancies in O(1) sites able
to trap one or two electrons and, presumably, O™ -centers
positioned near Li* ion vacancies. The most intense TSL
peak is due to the F-center decay.

To identify the TSL peaks with certain center types as
well as to enhance the TSL yield, rare-earth ions Eu3*,
Tm3* and Ce?* were introduced as dopants into LTB
crystals. According to atomic emission spectral analy-
sis, the dopant content in the single crystals was 0.06 %
mass. The rare-earth ions may enter the positions of
lithium ones, the charge neutrality condition is provided
likely due to formation of vacancies in B(2) ion sites of
tetrahedral coordination (the occupancy coefficient
Kp() = 0.975). Eu’* and Tm** ions have an electron af-
finity and favor the formation of hole centers in the crys-

I, a.u.

0.5

0.3 7

1 T T T T T 1

250 350 450 550 T,K

tal while, in contrast, the valence state of Ce*™ becomes
changed to Ce** under irradiation, thus favoring forma-
tion of electron trapping centers [64].

The presence of dopants in LTB crystals does not cause
appearance of new peaks on the TSL curve (Fig. 6,a).
Introduction of Eu?* results in an increased thermal emis-
sion of electron capturing centers at 473 and 538 K. This
change in the TSL spectra can be explained by that the
state of Eu?* ion formed when Eu3* has trapped an elec-
tron is metastable, so the captured electron becomes re-
leased already at room temperature and then is retrapped
by electron traps of the matrix. Activation of Tm3* causes
an increased thermal emission of the hole centers while
that of electron centers is suppressed. This can be explained
by that electrons generated by the ionizing radiation are
trapped by Tm3* and do not released in the studied tem-
perature range. Introduction of Ce** stimulates the emis-
sion of electron trapping centers while no hole centers are
formed in Ce** doped crystal. Electrons generated due to
Ce** ion irradiation become localized on the electron
trapping centers, thus resulting in an increased number of
F*- and F- centers (Fig. 6,b). The most intense TSL peak

T —
300 350 A, nm

T
200 250

Fig. 6. Thermoluminescence data (a) and absorption (b) of additively colored Li,B407:Eu, Li,B407:Tm, Li,B407:Ce single crystals.
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is associated with the F-center decay. Ce?* ion, being a
hole acceptor, hinders the formation of hole centers in the
matrix. An optical density redistribution between bands
with 321 and 352 nm maxima is observed in IA spectra as
compared to those of undoped crystals; this is due to re-
charging of anionic vacancies.

Conclusion

Borate single crystals are now objects of intensive re-
search. A record radiation resistance and acceptable val-
ues of non-linear optical coefficients of LiB;05 and
[B-BaB,Oy single crystals allow to use those in the non-
linear optics. Li,B4O7 is an effective piezoelectric and
non-ferroelectric and thus is a material with good pros-
pects in piezotechniques and acoustoelectronics. A great
number of boron atoms (1°B isotope) per unit cell allows
to use the borate crystals as the base for inorganic
scintillators intended for detection of thermal neutrons,
X-rays and gamma radiation. The studies performed have
shown a high scintillation efficiency of LaB3O¢ and
LigGdB;0O4:Ce single crystals. Since the problem of new
scintillation materials offering fast action and high light
yield is highly topical at present, it is of interest to study
the emission nature of those materials in more detail. The
Li,B407: (Ce, Eu, Tm) single crystals have shown a high
thermostimulated luminescence intensity. The possibil-
ity to use those crystals in high-temperature dosimetry is
worth of a further consideration.
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