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� Thermoluminescence properties of
pure and Nd doped BGO crystals.

� Irradiated by UV and beta for TL
glow curve analysis.

� Evaluation of kinetic parameters by
PS method.
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a b s t r a c t

Thermoluminescence (TL) glow curves of pure and rare earth doped bismuth germanate (BGO) were
investigated under UV and beta radiation. The glow curves of pure BGO crystal present different patterns
for both kinds of radiation. The TL glow curves of BGO crystals doped with Nd ions are similar to that of
pure BGO under UV radiation. The kinetic parameters, kinetic order (b), activation energy (E) and fre-
quency factor (s) of the TL glow curves of pure BGO crystal have been determined by peak shape method.
Activation energies of 3 peaks obtained by PS were found to be 1.81, 1.15 and 1.78, respectively.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Bismuth Germanate Oxide or Bismuth Germanate, also called
BGO is a well-known high density scintillator material with a
chemical composition (Bi4Ge3O12) and radiation detector based on
its main intrinsic luminescence response. It is extensively utilized
in high energy physics (e.g. scintillators for electromagnetic ca-
lorimeters and detecting assemblies of accelerators), tomography

systems for medicine such as positron tomography and in check-
light source for TL systems (Blasse, 1994; Nagbal et al., 1999). It has
also become an essential part of applications in electro-optical,
electro-mechanic and nonlinear optical devices (Ganeev et al.,
2004). Recently, there is of great interest in studying the defect
structure of the materials for all these applications.

TL is a versatile technique used for understanding the trapping
and detrapping mechanism of charge carries. The mechanism is
due to interaction of the radiation with the existing defects within
the material. The defects may also interfere with the scintillator
response.

Over the last two decades, some studies were performed on
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several aspects of TL properties of undoped and doped BGO
(Melcher, 1985; Melcher et al., 1985; Denagbe et al., 1990; Lecoq
et al., 1991; Sangeeta and Sabharwal, 1992; Macedo et al., 2004;
Raymond et al., 1994; Kovacs et al. 1994; da Silva et al., 2006) but
there are still some unknown points to be clarified, such as the
number of the TL glow curves observed above room temperature.
Melcher et al. (1985) presented three TL glow curves peaked at
65 °C, 115 °C and 150 °C with linear heating rate of 8 °C/s (Melcher,
1985). Lecoq et al. (1991) also reported three TL glow curves
peaked at 70 °C, 100 °C and 140 °C with linear heating rate of 5 °C/
s. Similarly Macedo et al. (2004) observed TL glow curves peaked
at 75 °C, 102 °C, and 143 °C under UV and β radiation. On contrary,
Raymond et al. revealed two TL glow curves peaked at 135 °C and
185 °C with linear heating rate of 2.5 °C/s (Raymond et al., 1994).
Recently da Silva et al. observed two TL glow curves centred at
61 °C and 90 °C with linear heating rate of 1 C/s.

TL properties strongly depend on the activator ions and the
structure of the host material. In this communication, TL proper-
ties for both UV and beta irradiation of BGO:Nd crystals prepared
using Czochralski method was carried out to try to separate the
features which are attributed to either intrinsic or impurity defects
acting as charge trapping centre for both electrons and holes.

2. Experiment

TL properties were carried out for Nd doped BGO crystals
prepared by using Czochralski method. Sample preparation details
were given in full paper by Canimoglu et al. (2016). Nd doping
concentration in the material in terms of mole fraction is 0.03. TL
measurements were performed using a Harshaw Model 3500 TLD
Reader. In the reader, a heat absorbent filter (Shott KG-1) was
placed beneath the photo multiplier tube (PMT) tube in order to
prevent the blackbody radiation reaching the PMT. Radiation ex-
posure was performed with a 90Sr–90 Y beta source (dose rate
20 cGy min�1) and UVB source (311 nm). A linear heating rate of
2 °C/s was used for recording the TL glow curves of the material.
Nitrogen atmosphere during recording the data was employed to
reduce the spurious signals.

3. Results and discussion

Figs. 1 and 2 show examples of the measured glow curves for

different irradiation patterns and different storage environment.
From inspection of these figures it is apparent that storage and
irradiation conditions had some influence on the glow curve
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Fig. 1. TL glow curves of UV and beta irradiated BGO sample.

100 150 200 250
0

20

40

60

80

TL
In

te
ns

ity
(a

.u
.)

Temperature (°C)

10
UV
Bright
Dark

×

Fig. 2. TL glow curves of UV irradiated BGO samples with variation of light
sensitivity.
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Fig. 3. TL glow curves of UV (3 h) and beta ( 3 and 17 h) irradiated Nd doped BGO
sample.
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Fig. 4. TL glow curves of UV irradiated BGO crystal. The solid and dashed lines
denote experimental points and fitting by deconvolution method, respectively.
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