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The kinetics of thermoluminescence (TL) arising from shallow traps in single crystals
of anion-defective aluminum oxide has been considered. It has been shown that the TL
peak at 320-350 K is characterized by identical kinetic parameters in samples containing
various concentrations of shallow traps. Kinetic TL parameters for this peak have been
calculated by analyzing of the luminescence isothermal decay curves, varying the heating
rate, and the peak shape. An interactive relationship of shallow and dosimetric traps in
the crystals under study has been supposed.

IIposenen amanusd xkuHeTuku Tepmosatomunecrennuu (TJI), o6ycioBieHHON MEIKUMU JIO-
BYIIKAMKX B MOHOKPHCTAJ/JIAX aHUOH-Ze(eKTHOro orcuza aaiomuHusa. Iloxkaszamo, uro TJI
nuka npu 320-350 K xapakrepusyercss MACHTUUYHLIMM KHUHETHUYECKMMHU IIapaMeTpPaMu y
00pasIoB C Pa3JMYHON KOHIEHTPAIlMell MeJKUX JIOBYIIeK. PaccunmTaHbl KMHETHYECKUe I1apa-
merpel TJI oTOoro mmra MeToaOM aHAAM3a KPUBBIX HMB30TEPMUYECKOr0 B3aTYXAHUS JIOMUHE-
CIEHIINH, BapUAllUU CKOpOCTell HarpeBa m aHaausa (PopMbl MHKA. BBICKa3aHO IIPEAIIOJIOKe-
HUe O HAJUYUY HNHTEPAKTHUBHON B3aMMOCBA3H MEJKHX U JO3MMETPUUYECKHX JIOBYIIEK B HC-
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cJenyeMbIX KPHUCTAJJIAX.

The interest in thermoluminescence (TL)
properties of anion-defective aluminum
oxide single crystals is explained by wide
use thereof as ionizing radiation detectors
[1, 2]. The thermoluminescence curve for
a-Al,O5 includes several peaks. The domi-
nating peak is that at 450-500 K, which is
used in dosimetric measurements [1]. More-
over, peaks of high-temperature TL con-
nected with deep traps [3], and a TL peak at
320-350 K associated with shallow traps [4]
are revealed in these crystals. The study of
TL properties of this peak presents an im-
portant task since shallow traps may com-
pete with dosimetric centers under irradia-
tion and distort information on the accumu-
lated dose. However, the TL kineties in this
peak has not been studied in detail to date.
This study deals with specific features of
the TL kinetics arising from shallow trap-
ping centers in anion-defective corundum
single crystals.
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The objects of study were samples of
nominally pure anion-defective «-Al,O5 sin-
gle crystals grown by Stepanov method
under reducing conditions. Thermolumines-
cence was excited using a 99Sr/90Y beta-ra-
diation source. The source dose rate was
32 mGy/min. Measurements of TL in shal-
low traps are complicated because those
start to empty immediately after excitation
at room temperature. To provide reproduc-
ible measurement results for TL in shallow
traps, the irradiated samples were kept in
dark for the same time period (20 s). TL
was recorded during linear heating or in the
isothermal regime in the luminescence band
of F-centers (420 nm). The photostimulated
transfer of charge carriers from deep traps
to a shallow one was realized using an opti-
cal radiation source providing a high spec-
tral intensity at the 470 nm wavelength.

Fig. 1 presents TL curves for three sam-
ples of anion-defective aluminum oxide
after exposure to a standard dose of beta-
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Fig. 1. Thermoluminescence curves for anion-
defective single crystals of aluminum oxide
exposed to the same irradiation dose. Heating
rate 5 K/s.

radiation for 1 min at a heating rate of
5 K/s. It is seen that the dosimetric peak at
480 K is accompanied by a peak at 350 K,
which is connected with shallow trapping
levels. The study has shown also that sam-
ples having a nearly the same dosimetric
sensitivity as estimated from the light sum
in the dosimetric peak, could be charac-
terized by considerably different intensities
of TL determined by the concentration of
shallow traps. An examination of Fig. 1
shows that the intensity of the TL peak at
350 K can differ by more than one order of
magnitude. However, the temperature posi-
tion and the shape of this peak remain un-
changed in various samples. This observa-
tion points to the identity of kinetic pa-
rameters of TL in various samples. It has
been found also that parameters of the low-
temperature TL peak do not depend on the
crystal dosimetric sensitivity.

When the irradiated samples were kept
at room temperature, the shallow traps are
emptied, and the trap depletion is seen as
the intensity decrease of their associated TL
peak during subsequent measurements.
Fig. 2 presents dependences of the 350 K
TL peak intensity on the holding time at
room temperature for five irradiated sam-
ples having different concentrations of shal-
low traps. It is seen that the curves exhibit
a nearly coincident trend in all the samples
studied, the depletion kinetics of shallow
traps being characterized by close parameters.

Kinetic TL parameters in the peak under
study were determined using several differ-
ent methods. The kinetics order was calcu-
lated by analyzing of the luminescence iso-

Functional materials, 12, 2, 2005

lLauf

08

06

04F

02F

0.0 1 1 1 1 1
0 40 80 120

Fig. 2. Intensity of the 350 K TL peak vs.
holding time at room temperature for five

irradiated samples of anion-defective alumi-
num oxide.
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Fig. 3. Curves of isothermal luminescence
decay at 40°C (1), 50°C (2) and 60°C (3).

thermal decay curves [5]. The isothermal
decay curves were measured at different
temperatures. The curves obtained at 40,
50, and 60°C are shown in Fig. 8 where the
ordinate is the natural logarithm of the TL
intensity. It is seen that these dependences
are described well by a linear function.
Therefore, the TL decay is exponential.
From this experiment, it may be inferred
that the peak at 350 K is due to a single
mono-energy trap and the TL kinetics is of
the first order. It has been found that the
temperature of the peak associated with a
shallow trap does not change as the irradia-
tion dose increases. This is one more evi-
dence confirming the supposed first order
of the TL kinetics. Plotting of the depend-
ence In(m) = In(Sexp(—E/kT)), where m is
the slope of the straight lines in Fig. 3
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Table. Kinetic parameters of the 350 K TL
peak

Method Activation Frequency
energy, eV | factor, s7!
Isothermal decay 0.79 7.8-1013
Heating rate 0.82 2.2.1011
variation method
Analysis of the 0.82 0.76-1011
peak shape

against the inverse temperature (1/T) also
gives a straight line, its slope could be used
to determine the TL activation energy. In
this case, the frequency factor is found
from parameters of the intersection point of
the straight line and the ordinate axis. The
obtained values and results of calculations
made by other methods are given in the
Table.

The kinetic parameters were also deter-
mined from the peak shape [6]. This method
is the simplest one for determination of the
TL activation energy and the frequency fac-
tor, since only several points in the TL
curve are used. The maximum temperature
T, and the temperatures T; and T, which
are determined left-side and right-side of
T, at FWHM, are employed most fre-
quently in calculations. In [8], equations are
presented relating the activation energy to
the peak full width ®, the width of its low-
temperature part 1 = T, — T, and the high-
temperature part 5. The general formula for
calculating the E value is

E = C(kT%,/y - B(2kT,), 1)

where £ is the Boltzmann constant and y is
®, T, or 8. The constants C, and B, are
expressed through the shape factor and
have different values depending on the
quantity used as the parameter y. Analytical
expressions for these constants are also
given in [8]. The E value was calculated
using each of the three possible methods
and then was averaged. The frequency fac-
tor was calculated from the formula [7]

E E (2)
S = —B—ex —1,
kT2, p(kij

where B is the heating rate. The obtained
results are summarized in the Table.

The kinetic parameters were also calcu-
lated by the heating rate variation method
[8]. The activation energy was determined
from the formula
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where T,,; and T,,5 denote temperatures of
the peaks corresponding to heating rates 3;
and By [8]. The activation energy was calcu-
lated for different pairs of heating rate val-
ues. Then its average was used to determine
the frequency factor from Eq.(2). The rele-
vant results are given in the Table.

An examination of the Table shows that
values of the kinetic TL parameters in the
peak under study determined by different
methods are in a good mutual agreement.
The only exception is the frequency factor
determined from the analysis of the isother-
mal decay curves. This discrepancy can be
explained by inaccuracies incurred in the
temperature measurements and the calcula-
tions. According to our estimates, this error
may be as large as one order of magnitude
of the frequency factor.

The validity of the obtained results was
verified by comparing experimental TL
curves and those calculated in the frame of
a simplest TL model with one trapping level
[5]- The approximation error was estimated
by the formula [9]

Z |Iexp(Ti) - Ifit(Ti)| (4)
g =" - 100%.

> LexfT)

The approximation error of an experi-
mental TL curve was found to be less than
10 %, thus corresponding to the criteria
adopted in the literature for the analytical
description of TL curves [9].

It was found also that TL properties of
shallow traps depend on TL parameters of
dosimetric trapping centers. A correlation
between the 350 K TL peak intensity and
FWHM of the dosimetric peak at 470 K has
been revealed. The obtained results are
shown in Fig. 4. It is seen that in samples
with a small FWHM of the dosimetric peak
(35-45 K), the value of the 350 K peak
may change within broad limits depending
on the concentration of shallow traps. How-
ever, in samples with a wide main peak
(FWHM over 45 K), the intensity of the at
350 K peak is very low in all the samples.
This regularity was observed more than
once in samples having different dosimetric
sensitivities. The interpretation of the ob-
tained results calls for further research.
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Fig. 4. Intensity of the 350 K TL peak vs.
FWHM of the dosimetric peak.

Nevertheless, the following comments may
be made even now. It is known that FWHM
of the main peak may change due to the
presence of traces of various impurities,
specifically tetravalent titanium, in the lat-
tice of nominally pure aluminum oxide [10].
Impurity ions act as traps for charge carri-
ers and give rise to their characteristic
thermoluminescence, distorting the shape of
the dosimetric peak. In this case, the charge
may be carried between shallow traps and
impurity titanium ions, which are responsi-
ble for widening of the main peak. This
charge transfer competes with the recombi-
nation of carriers at luminescence centers,
resulting in the decrease in the TL intensity
of the 350 K peak. In this case, the charge
exchange processes of between shallow and
dosimetric traps can be described in terms of
the interactive trap system model similarly to
the explanation of specific features of main
peak TL [3]. At least it may be stated even
now that pre-filling of main traps can influ-
ence TL parameters of shallow centers.

Measurements of the phototransferred
thermoluminescence (PTTL) (Fig. 5) due to
the optical migration of carriers from deep
electron traps [11], demonstrates that shal-
low traps are of electron origin. Their
physical nature will be revealed in further
research.

Thus it has been found that the concen-
tration of shallow traps can change consid-
erably in samples of anion-defective single
crystals of aluminum oxide having an equal
dosimetric sensitivity. Kinetic parameters
of the TL peak at 350 K, which is associ-
ated with shallow traps, have been calcu-
lated. The obtained results describe well the
TL curve in terms of a simplest TL model.
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Fig. 5. Phototransferred thermoluminescence
of a-Al,O5 single crystals with pre-filled deep
traps depending on the duration of stimulation
with a light flux at 470 nm wavelength (min):
1—2,2—3,3—4, 4 — 5 min. The heating
rate was 2 K/s.

An interrelationship between the intensity
of the TL peak at 350 K and FWHM of the
main peak has been established. This observation
points to possible charge exchange processes in
the system of shallow and dosimetric traps.
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Oco0IHMBOCTI KiHETMKH TEPMOJIOMiHECIIeHITil
MIiJIKMX MAaCTOK B aHiOH-Te(eKTHHUX MOHOKPHCTAJAX
OKCHAY aJIIOMiHiI0

B.C.Eopmos, C.B.Hiki¢popoé, E.3.Caduroéa

Bukonano ananis kimetuku tepmosoMiHecneniii (TJI), o6ymoBieHol MiTKUMU TTacTKaMu
B aHioH-Ze(eKTHUX MOHOKPHCTAJIAX OKcupy aiiominiro. ITokasano, mo TJI mika mpu 320-
350 K xapakTepusyeThcs iJeHTUYHUMU KiHETUUHUMU ITapaMeTpaMU [IJd 3PasKiB 3 pisHuUMU
KOHIIEHTPAiAMY MiJKMX macToK. Ob0umciaeHo KiHeTWYHi mapaMeTpu IbOTO IIiKa MeTOJaMU
aHaJi8y KPUBUX i30TepMiuHOro 3racaHHA JIOMiHeclleHIIil, BapiloBaHHA NIBUJAKOCTi HarpiBaH-
HA Ta aHajgidy (Qopmu nika. BucioBieHo npunymnieHHsA IPOo HAABHICTH iIHTEPAKTHUBHOIO
B32€EMO3B’A3KY MiJIKMX Ta LOSUMETPUUYHUX MACTOK Yy KPUCTANAX, IO NOCJiJKyBaJuCH.
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